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Abstract: Polypoidal choroidal vasculopathy (PCV) is a common choroidal disease in the Asian
population including Vietnam and is characterized by subretinal red-orange nodules, pigmented
epithelium detachment, and massive subretinal hemorrhage. The recent focus on PCV in Vietnam
can be attributed to advancements in PCV diagnosis and treatment. However, there is a scarcity
of published literature and clinical data on PCV in the Vietnamese population, highlighting a key
knowledge gap in this region. In order to address this gap, we gathered the opinions of experienced
clinicians and retinal experts in Vietnam and reviewed available medical literature with the aim of:
(i) providing an overview of PCV in the Vietnamese population—in terms of epidemiology, clinical
characteristics, and management; (ii) tailoring international/national guidelines for the diagnosis
and management of PCV, in line with available resources and medical equipment in Vietnam; and
(iii) identifying gaps in clinical data in order to guide future PCV research in Vietnam and other
countries with similar clinical conditions. The present review will enable healthcare providers and
researchers to gain insight into current clinical practices and the limitations of PCV management in
Vietnam and provide optimal and effective solutions.

Keywords: polypoidal choroidal vasculopathy; Vietnam; anti-VEGF; neovascular age-related macular
degeneration; laser therapy

1. Introduction

Polypoidal choroidal vasculopathy (PCV), a subtype of neovascular age-related macu-
lar degeneration (nAMD), is the leading cause of irreversible blindness globally. Overall,
age-related macular degeneration (AMD) accounts for 8.7% of blindness globally, primarily
affecting developed nations [1,2]. The prevalence of PCV among patients with nAMD is
high in Asian countries, ranging from 24.5% to 54.7% [3]. PCV manifests as type 1 neovascu-
larization associated with an abnormal branching vascular network or pachychoroid [4,5].
The nomenclature of aneurysmal type 1 neovascularization has recently been suggested as
an alternative to PCV [5]. However, the group of Asian experts then issued a consensus-
based recommendation not to use the term [6]. Yannuzzi et al. were the first to describe PCV
as polypoidal, subretinal, vascular lesions with serious and hemorrhagic detachments, and
to call it idiopathic PCV [7]. The presence of orange nodules and recurrent serosanguineous
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maculopathy are the primary clinical characteristics of PCV [4]. Apart from blindness,
PCV is also associated with multiple recurrent hemorrhages [8], pachyvessels [9], retinal
pigment epithelium detachment (PED) [10], and choroidal excavation [11].

While data on the prevalence and burden of PCV and retinal disease on patients in
other parts of Asia are available in the medical literature, such information is lacking in
Vietnam. Nonetheless, a few studies conducted in Vietnam have examined the clinical char-
acteristics and risk factors associated with PCV. The Vietnamese Ministry of Health (MoH)
has laid down guidelines for the diagnosis and management of choroidal retinopathies [12],
but the current PCV management scenario in Vietnam has diverse limitations, such as the
nonavailability of adequate diagnostic tools, applicability issues of anti-vascular endothelial
growth factor (anti-VEGF) and photodynamic therapy (PDT) for treatment, and a lack of
education and awareness among patients and healthcare providers. Therefore, the current
review aims to highlight key knowledge gaps pertaining to the PCV landscape in Vietnam.

The objectives of this narrative review include: (i) providing an overview of PCV in
the Vietnamese population—in terms of epidemiology, clinical characteristics, and manage-
ment; (ii) tailoring international/national guidelines for the diagnosis and management of
PCV, in line with available resources and medical equipment in Vietnam; and (iii) identify-
ing gaps in clinical data to guide future PCV research in Vietnam and other countries with
similar clinical conditions.

2. Methodology

The PubMed database was searched using different keywords, including “Polypoidal
choroidal vasculopathy”, “Polypoidal choroidal vasculopathy” AND “diagnosis”, “Poly-
poidal choroidal vasculopathy” AND “treatment” OR “management” for relevant literature.
The search was primarily focused on available health literature relevant to PCV in Asian
countries, including Vietnam. The search was restricted to Vietnamese and English arti-
cles. Data sources were also searched to extract relevant literature pertaining to Vietnam,
including data from the Data Integration Center of the Vietnamese MoH, the Vietnamese
Inter-Library System, the libraries of medical universities in Vietnam, and the gray litera-
ture (government reports, conference proceedings, graduate dissertations, unpublished
clinical trials) relevant to PCV. Published research and review articles obtained from the
literature search were examined by a panel of practicing ophthalmologists from Vietnam to
elucidate the PCV landscape in terms of epidemiology and clinical characteristics, and to
highlight the key gaps in the diagnosis and clinical management of PCV in Vietnam.

3. Epidemiology and Clinical Characteristics
3.1. Prevalence

The clinical management of PCV has witnessed several advancements recently in
diagnosis and therapy owing to the increasing global prevalence and disease burden of
PCV. A meta-analysis conducted by Wong et al. revealed the overall global prevalence of
AMD to be 8.69%, while the pooled global prevalence of early and late AMD was 8.01%
and 0.37%, respectively [1]. In general, AMD was more prevalent in the Caucasian than
the Asian population [1]; however, the Asian population is more prone to developing
PCV than the Caucasian population [13–15]. The prevalence pattern of nAMD and PCV
varied across Asia. In patients with nAMD, the prevalence of PCV ranged from 23 to
54.7% in Japan [16–18], to 49% in Taiwan [19] and 9.3–22.3% in China [20,21]. Additionally,
variations in the clinical characteristics of PCV, based on ethnicity and racial differences,
have been reported [15]. Currently, there are no population-based epidemiological studies
on PCV in Vietnam. According to a national survey in Vietnam, the prevalence of PCV in
patients with nAMD was 43.2% [22].

3.2. Demographics

The average age group of patients with PCV ranges from 50 to 65 years globally,
with the mean age being 60.1 years, although the average age varied across Asia (Korea:
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64.6 years, Japan: 72.8 years, China: 65.4 years, India: 60.06 years) and among Caucasians
(75.4 years) [23]. In Vietnam, the mean age of patients with nAMD was found to be
67.6 years; however, the mean age of patients with PCV was lower, at 60.5 years [24,25]. In
a nationwide survey conducted among Vietnamese ophthalmologists, PCV was found to
be the most prevalent in the age groups of 51 to 60 and 61 to 70 years [22]. Previously, it was
thought that the occurrence of PCV in female patients was more frequent [13]; however,
more recently, it has been established that the proportion of male patients being affected by
PCV within the Asian population is accelerating, with a higher prevalence noted in male
patients compared to female patients [26]. However, the sex distribution within Vietnam
for patients with PCV is quite balanced between male and female patients (1:1) [24].

3.3. Risk Factors

Certain studies, primarily for the Asian population, have demonstrated smoking as
a critical risk factor in aggravating PCV. Studies show that smokers have a higher risk
of PCV than those who do not smoke [27,28]. Smoking affects the optical density of the
macular pigment and causes oxidative stress, leading to deterioration of the retinal pigment
epithelium [29,30]. Alcohol consumption could also be regarded as a risk factor for PCV [31].
Cardiovascular and metabolic disorders, including hypertension (41–45% of patients with
PCV), diabetes, and hyperlipidemia, have been shown to be associated with the incidence
of PCV [23,27,28]. In patients with PCV, hypertension was associated with an almost 4-fold
greater risk of developing recurrent subretinal hemorrhage [32]. Elevated levels of C-
reactive protein are also a risk factor for PCV, suggesting the involvement of inflammatory
processes in the pathomechanism of PCV [31]. Central serous chorioretinopathy and
choroidal thickening are the other ocular risk factors commonly seen in patients with
PCV [27,33].

Currently, in the Vietnamese context, there is a paucity of controlled studies evaluating
the risk factors of PCV. In a meta-analysis, hypertension was identified as an important risk
factor, where the prevalence of hypertension in the Vietnamese population ranged from
18.4 to 21.1% [34]. A study by Hien et al. involving Vietnamese patients with PCV observed
that 36.6% of patients were smokers, 65.9% had hypertension, 22% had dyslipidemia,
and 9% had diabetes [24]. Vietnamese patients with nAMD showed prevalence rates for
smoking, hypertension, dyslipidemia, and diabetes in patients with PCV of 35%, 32%,
11% and 9%, respectively [25]. Vietnam has the third highest smoking rate in Southeast
Asia, with smoking being higher in males (30.7%), which indicates that the Vietnamese
population is at a higher risk of PCV [35]. According to a national survey of patients with
PCV conducted in Vietnam, 48.5% and 56.7% of survey respondents perceived smoking
and hypertension to be common risk factors for PCV, respectively. The proportion of
ophthalmologists choosing diabetes mellitus and overweight as common risk factors for
PCV was 35.1% and 10.3%, respectively [22].

3.4. Clinical Manifestations

Significantly reduced visual acuity (20/200 [46.5% of patients]; >20/60 [14% of pa-
tients]), blurred vision (95.4%), dark spots (93%), and distorted vision (74.4%) are common
clinical features in the Vietnamese population. However, the presence of yellow-orange
nodules was found in only 53.5% of Vietnamese patients [24]. From the perspective of
clinical ophthalmologists in Vietnam, the most common clinical signs indicative of PCV
included orange nodules, subretinal hemorrhage, and pigment epithelial detachment [22].
Figure 1 shows the presentations of PCV on fundus photographs of Vietnamese patients
(cases confirmed by ICGA).

The results obtained from optical coherence tomography (OCT) showed that PED
appeared in most patients with PCV (97.7%). Sharp-peaked PED is a common characteristic
observed in Vietnamese patients (62.8%) [22]. In Vietnam, polypoidal lesions were found
in the macula in 70% of patients with PCV [24], whereas in the Caucasian population,
polypoidal lesions were found unilaterally (78.9%), bilaterally (25%), or extramacularly
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(47.3%) [36,37]. In the national survey of Vietnam, 88.7% and 69.1% of Vietnamese oph-
thalmologists confirmed the presence of polyps at the juxtafoveal and subfoveal sites,
respectively [22].
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Figure 1. Various presentations of PCV on fundus photographs of Vietnamese patients (cases
confirmed by ICGA). ((A) Two orange-red nodules, one at fovea and one in perifoveal region;
(B) Multiples orange-red nodules at the macula with subfoveal hemorrhage; (C) Orange-red nodules
at the upper vessel arcade, hard exudates and subretinal fluid; (D) Subfoveal orange-red nodules
with extensive subretinal hemorrhage).

3.5. Discussion and Expert Opinion

There is a big gap in epidemiological data for PCV in Vietnam, and hence, further
research is warranted in this area. It can be assumed that the prevalence of PCV in Vietnam
would not differ significantly from the reported prevalence in other Asian countries. Data
pertaining to the Vietnamese population will enable healthcare authorities to plan public
resources efficiently. With adequate infrastructure, human resources, equipment, and
training, PCV diagnosis and treatment in Vietnam can be improved toward better overall
clinical outcomes.

4. Diagnosis

The Vietnam MoH issued guidelines and recommendations in 2019 for the diagnosis
and treatment of common vitreoretinal diseases, including PCV. Indocyanine green angiog-
raphy (ICGA) is considered the gold standard for the diagnosis of PCV. However, in the
absence of ICGA, PCV can still be diagnosed with 95% sensitivity and specificity when
≥2 of the following four criteria are present: V-shaped or hemorrhagic PED; sharp-peaked
PED; V-shaped or multi-lobed PED; and hyper-reflective ring underneath PED detected
using OCT [12]. An international expert group from the Asia-Pacific Ocular Imaging Society
PCV Workgroup (APOIS) has released a consensus that outlines nine non-indocyanine
green angiography (IGCA) criteria to diagnose PCV, wherein seven are based on OCT and
two use colored fundus photography (FP) [6].

The PCV diagnostic criteria in Vietnam are based on criteria from the Japanese PCV
research group and the criteria followed in the EVEREST study [24]. In routine practice, the
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combination of clinical assessment with imaging results is used for diagnosis in Vietnam.
The clinical imaging tools currently being used in Vietnam include FP and OCT. The
expert consensus by APOIS is particularly beneficial in the Vietnamese context, where the
availability of ICGA is limited in most clinical settings owing to its invasive, expensive,
time-consuming nature, and requirement of specific equipment. Hence, FP and OCT can
be considered good alternative to ICGA for the diagnosis of PCV in Vietnam.

4.1. Indocyanine Green Angiography

The use of ICGA was established in the early 1990s, when it was used to determine
choroidal vascular abnormalities [38]. ICGA is particularly useful in determining the clin-
ical findings of serosanguinous maculopathy and it enables visualization of total lesion
area in PCV [39]. A retrospective study was conducted among 40 eyes of Chinese patients
with PCV used ICGA as a diagnostic tool. The images obtained described the angiographic
characteristics of inactive polypoidal lesions in PCV [40]. With recent digital advance-
ments, ICGA is conducted in combination with a fundus camera or confocal scanning laser
ophthalmoscope [41]. However, its use is restricted due to its high cost, invasive nature,
requirement for special equipment, and the risk of anaphylactic reaction. [39,42,43]. In
Vietnam, the use of ICGA is based on the EVEREST study and the Japanese Study Group
of Polypoidal Choroidal Vasculopathy [24]. A survey of Vietnamese ophthalmologists
revealed only three ICGA machines being used in Vietnam, suggesting its limited use [22].
Figure 2 shows the presentation of ICGA in a 56-year-old Vietnamese male patient with
PCV in the left eye.
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Figure 2. A representation of ICGA in a 56-year-old Vietnamese male patient with PCV in the left eye
((A) shows one large orange-red nodule in upper temporal vessel arcade (arrow); (B) depicts ICGA
early phase showing branching vascular network (white arrow); (C) represents ICGA mid-phase
showing hot spots (orange arrows) and branching vascular network; (D) shows ICGA late phase
showing hot spots).
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4.2. Fundus Photography

Another important diagnostic tool for PCV is FP, which detects clinical manifestations,
including orange nodule, hemorrhagic or fibrovascular PED, massive subretinal hemor-
rhage, or no/few drusen in the fellow eye, and peripapillary and multifocal lesions [44]. A
retrospective study evaluating diagnostic methods used for PCV suggested a sensitivity of
0.73, specificity of 0.82, and area under the receiver operating characteristic curve (AUC) of
0.77 for identifying notched or hemorrhagic PED in patients with PCV [44]. In Vietnam,
43.2% of medical facilities use FP to diagnose PCV [22]. This technique is either used
alone or in combination with other techniques such as ICGA or OCT, although it has been
observed that FP offers higher specificity compared to other techniques [6,12,42,44]. The
use of FP and OCT in combination is of particular importance in differential diagnosis in
cases of typical AMD or central serous chorioretinopathy [42]. It also evaluates sensory
neuroretinopathy and monitors patients undergoing treatment [12]. In Vietnam, typical
signs of PCV could be observed in only half of the patients using FP [24]. Figure 3 depicts
an image from a 51-year-old Vietnamese male patient with PCV with a typical orange-red
nodule, hard exudates, and fluid around the nodule in the left eye.
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exudates, and fluid around the nodule in the left eye.

4.3. Fluorescein Angiography

The typical PCV feature detected using fluorescein angiography (FA) includes an
occult choroidal neovascularization leakage pattern, although it has a lower sensitivity
and specificity compared with FP and OCT [44]. Additionally, it is evident that the addi-
tion of FA with FP and OCT does not improve the accuracy of PCV diagnosis [42]. The
determination of leakage of the polypoidal lesions or branching vascular network could be
determined using FA, thus proving its use for prognostic purposes [42,45]. The retinal pig-
ment epithelium (RPE) and serosanguinous complications of PCV hamper the visualization
of the branched vascular network in FA, thereby restricting its use [39].

4.4. Optical Coherence Tomography

The OCT technique can be used alone or in combination with other imaging techniques,
thereby assisting the ophthalmologists in diagnosing PCV. It offers higher sensitivity and
specificity compared to other techniques. Sharp-peaked PED (sensitivity: 0.94; specificity:
0.79; AUC: 0.86), multilobulated or notched PED (sensitivity: 0.92; specificity: 0.89; AUC:
0.90), hyper-reflective ring below the PED (sensitivity: 0.77; specificity: 0.95; AUC: 0.86),
and a double-layered sign (sensitivity: 0.79; specificity: 0.90; AUC: 0.85) are common
PCV features identified with OCT [12,42,46]. Subretinal and/or intraretinal fluid could
be imaged using OCT, and hence, it finds applicability in monitoring disease activity
and therapy response. Additionally, it is applicable for use in clinical settings where
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ICGA cannot be used. It could also be used to differentiate PCV from wet AMD to a
certain extent [3]. As a noninvasive technique, OCT has been utilized in tissue imaging
for architectural morphology up to the glandular level [47]. However, artifacts and auto-
segmentation limit the usage of OCT [39]. In Vietnam, 88.7% of ophthalmologists chose
OCT to diagnose PCV, and >90% of them believed OCT to be the most reliable technique
for PCV diagnosis, when IGCA is not available [22].

Different types of OCT are used for diagnosing PCV. Spectral domain (SD) OCT
is a useful technique to differentiate PCV from occult choroidal neovascularization by
visualizing coronal scans, allowing for the effective diagnosis of patients presenting with
PED [46]. Recently, a systematic review and meta-analysis were conducted to evaluate the
diagnostic value of SD-OCT in the diagnosis of PCV. The results show a pooled sensitivity,
specificity, and AUC of 0.91, 0.88, and 0.95, respectively. The results demonstrate the high
diagnostic value of SD-OCT in PCV diagnosis [48]. Another study conducted among 188
eyes of patients with active PCV used SD-OCT to determine PED, double-layer sign, and
thumb-like polyps with a sensitivity and specificity of 89.4% and 85.3%, respectively [49].
Lately, SD-OCT devices have allowed for the visualization of transverse coronal scans
(C-scans), which are also called “en face” images. “En face” images differ according to
the position of the coronal scan into the retina or choroid. Using the automatic retinal
segmentation of the device to define the depth level, two different “en face” OCT images
could be generated: outer retinal and choroidal “en face” images. In PCV, a hyper-reflective
area of elevated RPE, underlying the branching vascular network, could be observed using
this technique [50]. In Vietnam, it was found that SD-OCT is available in 72% of hospitals
for the diagnosis of PCV [22]. Figure 4 represents the OCT images in eyes with PCV.
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Furthermore, by using enhanced-depth imaging OCT (EDI-OCT), choroidal thickness
can be determined and used to differentiate PCV from AMD, where the choroid is usually
thin or patients present without choroidal hyperpermeability [51,52].

Optical coherence tomography angiography (OCTA) is a newly developed method
that can visualize chorioretinal circulation without dye injection. It can detect branching
vascular networks clearly, but polyps are not visualized in a few PCV cases. A retrospective
study conducted in Taiwan used OCTA as a diagnostic tool to highlight clinical features
and treatment response of PCV. The detection and classification of branching vascular
networks were also undertaken using OCTA [53]. A study conducted in Vietnam detected
OCTA in 60.7% of cases with PCV. This is a useful tool for monitoring disease progression
or recurrence [54]. “En face” OCTA may be useful for understanding the pathogenesis
of PCV and managing it [50]. A systematic review and meta-analysis by Wang et al. re-
ported a promising role of OCTA in PCV diagnosis, as demonstrated by an AUC of 0.87
(0.84–0.90) [55]. The branched vascular network (BVN) can also be identified easily due to
its high flow characteristics. However, the polypoidal lesion detection rate can be highly
variable, between 17% and 92% [45], due to slow and turbulent flow within the lesion,
the polyps being too small or covered by BVN blood flow signals, or the curvature of
the vessels, making it challenging to capture red blood cell motion [45,55]. Other OCTA
disadvantages include segmentation errors of peaked PED in PCV that require experi-
enced use of slabs. The images are prone to common artifacts such as motion projection
and masking.

The shortcomings of OCTA may be partially compensated for by using swept-source
OCT (SS-OCT). SS-OCT has a longer wavelength (1060 mm) and therefore penetrates the
pigment epithelium better and, with a high scanning speed of 100,000 scans per second,
provides a better resolution of the choroidal structure [56]. The choroidal scleral interface
was better visualized, hence providing a more accurate measurement of choroidal thickness,
which differentiates PCV from typical nAMD [45]. Recent data show that SS-OCTA can
detect up to 90% of polyps [57]. The high image quality of SS-OCTA also provides better
BVN structure visualization. A study by Azar showed that a “coral bush-shape” BVN is a
positive sign of active type C PCV [56]. However, there was no correlation between disease
activity or response to treatment between BVN configuration and PCV type (A, B, or C).
These data suggest the ongoing role of ICGA for prognostic and diagnostic values. A new
method for visualizing choroidal structure using SS-OCTA called choroidal vasculography
(CVG) could improve the rate of PCV diagnosis and evaluate the response to treatment [58].

As Wang et al. recommend in their systemic reviews, a PCV diagnosis can be made if
OCTA can identify polyps and BVN. ICG A is necessary only if BVN is detected [55]. This
practice will address the bulk of the ICGA burden in clinical practice.

4.5. Discussion and Expert Opinion

Diagnostic tools, in line with international guidelines, could be adopted in the guide-
lines of Vietnam, wherever possible. Although ICGA is regarded as the gold standard in
the diagnosis of PCV, its applicability is restricted in Vietnam due to its invasive nature,
high cost, and the need for specific equipment. From a Vietnamese perspective, OCT and
FP are important diagnostic tools owing to their high accuracy and noninvasive nature.
Further, they have been recommended by Vietnam MoH and international associations as
an alternative to the ICGA technique. However, in Vietnam, there is a need to evaluate the
applicability and utility of different imaging techniques for PCV diagnosis in the absence
of ICGA. We recommend using fundus photography, SD-OCT, and SD-OCTA (SS-OCTA if
applicable) as standards for multimodal imaging. These noninvasive methods can be used
for initial diagnosis and repeated for subsequent follow-ups if needed.

5. Treatments

The primary treatment goal for PCV includes improved visual outcomes and the
resolution of maculopathy to achieve the best possible vision for patients, as well as
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reduced treatment burden, thereby improving the quality of life of patients [12,59]. The
decision on the type of treatment is based on the disease severity and location of polypoidal
lesions. Clinically active symptomatic PCV (presence of intraretinal/subretinal fluid, sub-
RPE/subretinal hemorrhage, or vision loss of >5 letters) is often treated. On the other hand,
treatment of inactive PCV is based on the physician’s discretion. Typically, only monitoring
is required for this group of patients [3,23].

Currently available treatments in Vietnam include photocoagulation lasers and anti-
VEGF agents [12]. According to the guidelines of the Vietnamese MoH, PCV can be treated
with anti-VEGF as the first line of therapy, similar to nAMD. Although PDT is relatively
effective and safe for the management of PCV, it is not currently used in Vietnam [24].
Photocoagulation for extrafoveal lesions may be attempted for patients who cannot afford
anti-VEGF treatment or who are unable to follow-up. Figure 5 proposes a treatment
algorithm for PCV based on the latest evidence tailored for Vietnam.
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5.1. Photocoagulation Laser

Photocoagulation laser is widely used in Vietnam to treat retinal diseases, including
PCV. The advantage of photocoagulation laser is that it is inexpensive and does not require
continuous treatment. On an average, fewer retreatments are required for laser therapy
as observed from different studies (1.11–1.33) [59,60]. In Vietnam, only 7.5% of ophthal-
mologists chose laser photocoagulation to treat patients with PCV [22]. In this method,
thermal burns lead to tissue coagulation, leading to improved retinal oxygenation [61].
Photocoagulation therapy is associated with an increased risk of new polypoidal lesions,
recurrent bullous detachment, chorioretinal anastomosis, and the occurrence of subretinal
hemorrhage leading to vitreous hemorrhage [3]. The long-term effects and safety of laser
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therapy were established: 69.2% of eyes demonstrated regressed polyps, while 55.6% had
a recurrence of polyps during a follow-up period of 72.3 ± 31.0 months. About 15.4% of
patients with PCV also exhibited mild subretinal hemorrhage [62]. In a study conducted in
Vietnam, 53.1% of patients reported a reduced 0.3 log MAR (logarithm of the minimum
angle of resolution) during the six-month follow-up post-photocoagulation treatment [24].
In a separate study in the Chinese population, 56% of patients with PCV reported stable
or improved vision with laser therapy [21]. Similarly, the efficacy of conventional argon
laser was established at 12 months in a retrospective analysis wherein 36% of patients re-
ported improved vision (logMAR improvement > 0.2 units), 39% had stable vision (logMAR
change ≤0.2 units), while 25% experienced decreased vision (logMAR decrease >0.2 units).
Further, 64.3% of patients had complete resolution of maculopathy [59]. To avoid the risk
of hemorrhage or scotomas, a photocoagulation laser is most useful for treating lesions of
smaller sizes, such as extrafoveal/peripheral/peri-papillary polypoidal lesions [3]. Of note,
70% of Vietnamese patients with PCV had lesions located in the macula [24], and hence,
the applicability of photocoagulation laser therapy is limited in Vietnam.

5.2. Anti-VEGF Therapies

Anti-VEGF therapy has revolutionized the treatment of PCV and other vitreoretinal
diseases. The pathophysiological rationale for the use of anti-VEGF therapy is based on the
outcomes of clinical studies, showing an increased level of VEGF in the aqueous humor
and its positive correlation with active PCV [63,64]. The advantages of anti-VEGF include
treating polypoidal lesions at or outside the macular area, not requiring complicated
equipment, and the ability to use without performing ICGA. There are currently three
anti-VEGF drugs available for clinical use in Vietnam: aflibercept, ranibizumab, and
bevacizumab (off-label usage). Brolucizumab will be launched in Vietnam soon [12,65].
Efficacy, cost, and availability are the key factors driving the selection of anti-VEGF drug.
The percentage of hospitals in Vietnam with access to bevacizumab, ranibizumab, and
aflibercept is 70.5%, 70.5%, and 30.1%, respectively [22]. The common anti-VEGF regimens
used in Vietnam are treat-and-extend and pro re nata [22].

In the recent guidelines, anti-VEGF is recommended as monotherapy or in combination
with PDT for the treatment of PCV. A meta-analysis conducted on the use of anti-VEGF
therapy for PCV established the superiority of the combination therapy of PDT and anti-
VEGF, in terms of best-corrected visual acuity (BCVA) improvement, complete polyp
regression, and decrease in central retinal thickness—especially in early combination
therapy [66]. However, due to the nonavailability of PDT in Vietnam, anti-VEGF is currently
used as monotherapy.

5.2.1. Bevacizumab

Bevacizumab was the first anti-VEGF to be used in Vietnam, although it has not been
approved by the Vietnamese MoH for the indication of ocular diseases. However, due to
its low cost, it is widely used as an off-label drug for the treatment of PCV and nAMD in
Vietnam [12]. In a study of 16 patients evaluating the efficacy of intravitreal bevacizumab
injection monotherapy in PCV, the mean foveal thickness decreased along with a slight
improvement in mean visual acuity from 0.54 ± 0.38 to 0.45 ± 0.32 in logMAR after three
months. However, this subsided and was reversed after 12 months [67]. A study conducted
in the Vietnamese population demonstrated that 54.5% of patients had vision loss and only
9.1% had increased vision after six months of treatment, which contrasted with the results
of a previous study conducted among patients with typical nAMD, in which bevacizumab
showed good efficacy in improving visual acuity [24,25].

5.2.2. Ranibizumab

Ranibizumab is a full-length humanized VEGF antibody fragment that neutralizes all
biological isoforms of VEGF-A and has been approved for the treatment of nAMD [68]. It is
the first anti-VEGF drug to be approved for use in ocular diseases by the Vietnamese MoH.
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Several studies have evaluated and established the efficacy of ranibizumab in the treatment
of PCV. In a prospective, open-label trial where monthly intravitreal 0.5-mg ranibizumab
injections (IVRs) were administered to 12 patients with PCV; no patients lost ≥15 letters in
visual acuity after six months. Preliminary results exhibited stabilized vision, resolution
of subretinal hemorrhage (100%), and improved macular edema (80%); also 33% of the
patients had reduced polypoidal lesions [68]. In a randomized clinical trial (LAPTOP study),
where patients were either treated with PDT or IVR of 0.5 mg, 30.4% of patients reported
improved visual acuity, 60.9% experienced no change, and 8.7% had reduced acuity with
IVR treatment. The outcome was significantly better for IVR treatment in comparison to
the PDT therapy. Additionally, improvement in retinal thickness (418.9 ± 168.6 µm to
311.2 ± 146.9 µm, p < 0.001) and logMAR (0.48 ± 0.27 to 0.39 ± 0.26, p < 0.003) was also
observed [69]. In a Japanese observational study conducted among 45 eyes with PCV and
treated with IVR, 87% of eyes showed improvement in BCVA after 24 months. However,
the need for retreatment was observed in eyes with serous retinal detachment [70]. A
prospective, observational study conducted in Taiwan among 161 treatment-naïve patients
reported an improvement in the mean gain in BCVA and a decrease in mean central retinal
thickness. However, 58.4% of patients reported adverse events, and 98.8% were deemed
not related to study treatment [71].

The studies were conducted to compare the effectiveness of IVR monotherapy in
comparison to the combination of IVR and PDT. The multicenter double-masked EVEREST
trial including 61 Asian patients established that PDT in combination with IVR or alone,
was superior in terms of complete polyp regression compared with IVR monotherapy
(77.8% and 71.4% vs. 28.6%; p < 0.01). The change observed in terms of BCVA (letters)
was 10.9 ± 10.9 (PDT + IVR), 7.5 ± 10.6 (PDT alone), and 9.2 ± 12.4 (IVR monotherapy),
indicating a better outcome with IVR monotherapy compared to PDT alone. There were no
safety concerns with any of the treatment regimens [72]. A double-masked, multicenter,
randomized clinical trial, the EVEREST II trial (involving 322 Asian patients) compared
the effectiveness and safety profiles of combination therapy (PDT and IVR) and IVR
monotherapy. The superiority of combination therapy compared to IVR monotherapy
was evident in terms of BCVA (letters) (8.3 vs. 5.1) and complete polyp regression (69.3%
vs. 34.7%; p < 0.001). A higher dosage frequency was observed with IVR monotherapy
(seven injections) compared with combination therapy (four injections). However, vitreous
hemorrhage was the only serious ocular side effect observed with both therapies [73].

In a meta-analysis conducted to determine the practicability of IVR compared with
PDT, it was established that logMAR visual acuity shifted from 0.6 to 0.3 and the im-
provement rate in the visual acuity was 60% to 70% in the IVR group over a duration of
24 months. However, PDT demonstrated improvement in visual acuity (35%) over a short-
term follow-up period [74]. Guidelines have recommended the use of IVR in combination
with PDT for treating PCV. Since PDT is unavailable in Vietnam, the clinical utility of
combination therapy of PDT and IVR would be limited; further, this limitation can act as a
barrier to ranibizumab therapy.

5.2.3. Aflibercept

Aflibercept is a VEGF trap developed using fusion protein and is primarily used to
suppress the concentration of VEGF in the aqueous humor [75,76]. It is a decoy receptor
that binds all the isoforms of VEGF-A, VEGF-B, and placental growth factors. It has a
higher affinity for VEGF (Kd~1 pM) than VEGF receptor, bevacizumab, or ranibizumab
for VEGF, suggesting a long duration of biological activity. Furthermore, time-dependent
mathematical models predicted prolonged (10–12 weeks) intravitreal VEGF-binding ac-
tivity for aflibercept compared to four weeks of biological activity for ranibizumab. This
unique mechanism of action beyond VEGF-A, and the longer duration of activity, provides
potential advantages compared to other anti-VEGF agents. This leads to reduced angiogen-
esis and vascular permeability, thereby providing a longer duration of action than other
anti-VEGFs, including ranibizumab [77–79]. From a patient perspective, this could mean
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fewer injections and physician visits, lower costs, a smaller risk from intravitreal injections,
fewer drug-related adverse events, and improved compliance.

The efficacy of aflibercept as monotherapy in PCV has been demonstrated in numerous
studies. A prospective, open-label, single-arm multicenter clinical trial (APOLLO study)
conducted among patients with PCV using intravitreal aflibercept injection (IVA) (2.0 mg)
as monotherapy showed that BCVA at one year was either maintained or improved in
97.6% of patients and that the mean logMAR BCVA improved to 0.12 logMAR compared
to baseline (0.33 logMAR). Reduction in central foveal thickness and complete regression
of polypoidal lesions (72.5%) were also evident in IVA treated patients [80]. Similar results
were obtained in a phase IV, prospective, single-arm, interventional case series (VAULT
study), where at 12 months of treatment, BCVA was maintained in 87.5% of treated eyes,
central subfield macular thickness significantly reduced compared to baseline, 66.7% of
eyes showed complete polyp regression, and the macula was dry in 60% of eyes. These
favorable outcomes were, however, seen along with fluid recurrence in 33% of treated eyes
with significantly lower vision gain at 12 months PCV [81].

A prospective, multicenter, double-masked, sham-controlled, randomized clinical
study (PLANET study) was conducted to compare the efficacy of IVA monotherapy and
IVA in combination with PDT in patients with PCV. Improvement in visual and func-
tional outcomes was observed in 85% of the patients treated with IVA monotherapy.
Only 12.1% of the patients required rescue PDT, and >85% of the patients had favor-
able visual and functional outcomes with IVA monotherapy [82]. After two years, IVA
monotherapy was non-inferior to combination therapy in terms of improving visual acuity
(+10.7 vs. +9.1 letters, p = 0.48), with a rate of polyp regression achieved of over 80%, which
was comparable between both groups. Although 17% of the patients required rescue PDT,
more than 80% of the patients responded well to IVA monotherapy [83].

Aflibercept has been found to be effective in patients with PCV refractory to
ranibizumab by using a treat-and-extend regimen. It results in a significant BCVA im-
provement, shrinkage of branching vascular networks, a decrease in mean lesion diameter,
and polyp regression. Aflibercept was found to be effective in resolution of the retinal fluid
in patients with PCV [84,85]. To our knowledge, there are currently a few well-designed
randomized controlled studies that have made a head-to-head comparison of anti-VEGF
agents in PCV. In a study of 100 eyes with treatment-naïve PCV, IVA was found to be
superior to IVR in improving visual acuity after 24 months [86]. In a study conducted
among 98 eyes with treatment-naïve PCV, the rate of polyp regression in the IVA group
was superior to that of IVR (39.5% vs. 21.6%; p = 0.007) [87]. In a retrospective analysis
of 101 eyes of 101 patients with PCV conducted in Taiwan, IVA as monotherapy was as
effective as IVR plus PDT in improving visual acuity and anatomical outcomes [88].

The Asia-Pacific Vitreo-retina Society recommended use of aflibercept according to
the treat-and-extend regimen to provide personalized care to patients with PCV [89].

5.2.4. Brolucizumab

Brolucizumab is a novel antibody fragment used for the management of nAMD;
preclinical studies have suggested effective tissue penetration and better intraretinal, sub-
retinal, and subretinal pigment epithelium fluid control across retinal layers [90]. The
phase 3 HAWK and HARRIER trials have established a similar well-tolerated safety pro-
file and superior anatomical outcomes for brolucizumab compared with aflibercept. The
measured parameters were LS mean in BCVA (+6.6 [6 mg] and +6.1 [3 mg] letters with
brolucizumab vs. +6.8 letters with aflibercept [HAWK]; +6.9 letters with 6 mg brolucizumab
vs. +7.6 letters with aflibercept [HARRIER]; p < 0.001), retinal thickness (HAWK −172.8 µm
vs. −143.7 µm; HARRIER −193.8 µm vs. −143.9 µm), retinal fluid changes, and
safety [90,91]. In the Japanese cohort of the HAWK study involving 69 PCV patients,
brolucizumab was found to be as effective as aflibercept in terms of visual acuity improve-
ment, superior with respect to fluid resolution, and had a favorable anatomical outcome in
76% of brolucizumab-treated patients. However, the risk of intraocular inflammation was
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higher in the brolucizumab group [92]. The post hoc analysis of the HAWK/HARRIER
study also confirmed the occurrence of retinal vasculitis with or without retinal vascular
occlusion, along with an augmented risk of visual acuity loss using brolucizumab injec-
tions [93]. A higher incidence of retinal vasculitis and intraocular inflammation were also
observed in a retrospective case series, with clinical manifestations in the form of focal or
elongated segments of sheathing, optic nerve swelling, Kyrieleis plaques, retinal whitening
from arterial occlusion, cotton-wool spots, paracentral acute middle maculopathy, intrareti-
nal hemorrhages, vitreous cells or opacities, and late perivenular hemorrhages. This often
causes a worsening of visual acuity, leading to vision loss [94].

A recent study in Japan compared the short-term outcomes of three-monthly IVA and
brolucizumab injections in 52 treatment-naïve PCV eyes and showed comparable outcomes
across the two treatments in terms of BCVA improvement (from 0.27 ± 0.34 [log MAR unit]
at baseline to 0.20 ± 0.24 after 3 months) and reduction (43–44%) in central retinal thickness.
However, the brolucizumab-treated group was superior to IVA in terms of decrease in
subfoveal choroidal thickness and the complete resolution rate of polypoidal lesions (78.6%
vs. 42.1%). Notably, intraocular inflammation was observed in 14.3% of patients in the
brolucizumab-treated group only [95]. Several health agencies, including the Food and
Drug Administration and European Medicines Agency, have designed brolucizumab as
a second-line option after other anti-VEGFs have failed due to its associated adverse
events [96].

5.3. Discussion and Expert Opinion

Treatment approaches in line with international guidelines could be incorporated into
the Vietnamese guidelines, if feasible. Currently, anti-VEGF monotherapy is the first choice
for PCV treatment in Vietnam. The most common treatment regimen used in Vietnam for
PCV includes monthly bevacizumab injections adapted to a treat-and-extend approach,
albeit as an off-label therapy. Monthly bevacizumab injections help in controlling exudation
but seem to fail to regress polyps. Recurrent subretinal hemorrhages and subretinal pigment
epithelium hemorrhages are frequently occurring adverse events after one to two years of
use, even in stable cases. Additionally, bevacizumab affordability is an important factor
determining its use in Vietnam. Currently, ranibizumab is covered by health insurance
and has been used in Vietnam for PCV management. In general, ranibizumab combined
with PDT is the optimal option, but in Vietnam, ranibizumab monotherapy could help
control disease progression. Due to its favorable functional and anatomical outcomes,
aflibercept should be the preferred drug of choice if anti-VEGF monotherapy is considered.
The lower treatment burden of aflibercept compared to ranibizumab and bevacizumab
provides an additional advantage. The high price can be a barrier for patients; however, the
relative merits of more expensive drug with a prolonged activity and less frequent dosing
versus a more frequently dosed, lower-cost alternative, such as off-label bevacizumab,
need to be carefully considered by retinal physicians. For this reason, it is necessary to
provide a cost–benefit analysis for these treatments to improve patient access. Healthcare
centers in Vietnam need to create awareness about novel anti-VEGF therapies and hold
patient education programs about PCV. Laser photocoagulation is an option if patients with
extrafoveal lesions cannot afford or follow-up with anti-VEGF treatments. However, the
use of this therapy should only be considered when polypoidal lesions are outside of the
macular region. Combination therapy may be considered in multifocal polyps to reduce the
burden of treatment, primarily for anti-VEGF and laser photocoagulation combinations.

6. Conclusions

The strength of this article lies in the fact that it is the first review article to emphasize
the complete PCV landscape in Vietnam, from clinical perceptions to therapies. The
increasing prevalence of PCV requires ophthalmologists to carefully screen patients for
better management and provide adequate counseling for improved patient compliance and
adherence to therapy. Individualized treatment regimens might prove beneficial on a case-



J. Clin. Med. 2022, 11, 4678 14 of 18

by-case basis, and such scenarios might be highlighted for future reference. Furthermore, to
address current needs or gaps, PCV-related guidelines in Vietnam should be in alignment
with international guidelines, wherever applicable and possible.

Author Contributions: Conceptualization: D.T.D. and N.D.T.N.H.; acquisition of data: D.T.D.,
N.N.Q., M.Q.T., H.C.T., N.D.T.N.H. and B.V.H.; analysis and interpretation of data: D.T.D., M.Q.T.
and N.D.T.N.H.; drafting of the manuscript: D.T.D., N.N.Q., M.Q.T., H.C.T., N.D.T.N.H. and B.V.H.;
critical revision of the manuscript for important intellectual content: D.T.D. and N.D.T.N.H.; final
approval: D.T.D., N.N.Q., M.Q.T., H.C.T., N.D.T.N.H. and B.V.H.; agreement to be accountable for all
aspects of the work: D.T.D., N.N.Q., M.Q.T., H.C.T., N.D.T.N.H. and B.V.H. All authors have read
and agreed to the published version of the manuscript.

Funding: The medical writing fee and the APC were funded by Bayer Vietnam.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Unpublished data from a national survey in Vietnam that support the
narrative discussions presented in this manuscript are available from the corresponding author, Dang
Tran Dat, upon reasonable request.

Acknowledgments: The authors would like to thank the Medical Affairs Department headed by
Huong Thi Lan Tran from Bayer Vietnam for providing financial support toward medical writing
services and article processing charges. The authors would like to thank Bushra Nabi, Lakshman
Puli, Akshatha Addoni, and Shlok Kumar from IQVIA, India, for their medical writing and editorial
support, as well as Chau Ngoc Hanh and Junice Yi Siu Ng from IQVIA, Vietnam, for administrative
and regional review support, respectively.

Conflicts of Interest: D.T.D. has received honoraria for scientific presentations from Bayer, Novartis,
Allergan, and Santen. N.N.Q. has received honoraria for scientific presentations from Novartis,
Bayer, Abbott, Allergan, Abbvie, Santen, Senju, Alcon, and Zeiss. M.Q.T. has received honoraria for
scientific presentations from Bayer, Novartis, and Alcon. H.C.T. has received honoraria for scientific
presentations from Nidek-Vietcan, Bayer, Novartis, and Zeiss. B.V.H. has received honoraria for
scientific presentations from Bayer and Novartis. N.D.T.N.H. reports no conflict of interest.

References
1. Wang, W.L.; Su, X.; Li, X.; Cheung, C.M.; Klein, R.; Cheng, C.Y.; Wong, T.Y. Global prevalence of age-related macular degeneration

and disease burden projection for 2020 and 2040: A systematic review and meta-analysis. Lancet Glob. Health 2014, 2, e106–e116.
[CrossRef]

2. Chen, L.J. Genetic Association of Age-Related Macular Degeneration and Polypoidal Choroidal Vasculopathy. Asia Pac. J.
Ophthalmol. 2020, 9, 104–109. [CrossRef] [PubMed]

3. Anantharaman, G.; Sheth, J.; Bhende, M.; Narayanan, R.; Natarajan, S.; Rajendran, A.; Manayath, G.; Sen, P.; Biswas, R.; Banker, A.; et al.
Polypoidal choroidal vasculopathy: Pearls in diagnosis and management. Indian J. Ophthalmol. 2018, 66, 896–908. [CrossRef]
[PubMed]

4. Cheung, C.M.G.; Lai, T.Y.Y.; Ruamviboonsuk, P.; Chen, S.J.; Chen, Y.; Freund, K.B.; Gomi, F.; Koh, A.H.; Lee, W.K.; Wong, T.Y.
Polypoidal Choroidal Vasculopathy: Definition, Pathogenesis, Diagnosis, and Management. Ophthalmology 2018, 125, 708–724.
[CrossRef]

5. Li, M.; Dolz-Marco, R.; Messinger, J.D.; Sloan, K.R.; Ferrara, D.; Curcio, C.A.; Freund, K.B. Clinicopathologic Correlation of
Aneurysmal Type 1 Neovascularization in Age-Related Macular Degeneration. Ophthalmol. Retin. 2019, 3, 99–111. [CrossRef]
[PubMed]

6. Cheung, C.M.G.; Lai, T.Y.Y.; Teo, K.; Ruamviboonsuk, P.; Chen, S.J.; Kim, J.E.; Gomi, F.; Koh, A.H.; Kokame, G.; Jordan-Yu, J.M.; et al.
Polypoidal Choroidal Vasculopathy: Consensus Nomenclature and Non-Indocyanine Green Angiograph Diagnostic Criteria
from the Asia-Pacific Ocular Imaging Society PCV Workgroup. Ophthalmology 2021, 128, 443–452. [CrossRef]

7. Yannuzzi, L.A.; Sorenson, J.; Spaide, R.F.; Lipson, B. Idiopathic polypoidal choroidal vasculopathy (IPCV). Retina 1990, 10, 1–8.
[CrossRef] [PubMed]

8. Kleiner, R.C.; Brucker, A.J.; Johnston, R.L. The posterior uveal bleeding syndrome. Retina 1990, 10, 9–17. [CrossRef] [PubMed]
9. Ijuin, N.; Tsujinaka, H.; Hirai, H.; Jimura, H.; Nakao, S.; Yamashita, M.; Nishi, T.; Ueda, T.; Ogata, N. Clinical implications of

pachyvessels in polypoidal choroidal vasculopathy. BMC Ophthalmol. 2020, 20, 170. [CrossRef] [PubMed]

http://doi.org/10.1016/S2214-109X(13)70145-1
http://doi.org/10.1097/01.APO.0000656976.47696.7d
http://www.ncbi.nlm.nih.gov/pubmed/32195675
http://doi.org/10.4103/ijo.IJO_1136_17
http://www.ncbi.nlm.nih.gov/pubmed/29941728
http://doi.org/10.1016/j.ophtha.2017.11.019
http://doi.org/10.1016/j.oret.2018.08.008
http://www.ncbi.nlm.nih.gov/pubmed/31014774
http://doi.org/10.1016/j.ophtha.2020.08.006
http://doi.org/10.1097/00006982-199010010-00001
http://www.ncbi.nlm.nih.gov/pubmed/1693009
http://doi.org/10.1097/00006982-199010010-00002
http://www.ncbi.nlm.nih.gov/pubmed/2343198
http://doi.org/10.1186/s12886-020-01443-8
http://www.ncbi.nlm.nih.gov/pubmed/32349707


J. Clin. Med. 2022, 11, 4678 15 of 18

10. Tso, M.O.M.; Suarez, M.J.; Eberhart, C.G. Pathologic study of early manifestations of polypoidal choroidal vasculopathy and
pathogenesis of choroidal neo-vascularization. Am. J. Ophthalmol. Case Rep. 2018, 11, 176–180. [CrossRef] [PubMed]

11. Kobayashi, W.; Abe, T.; Tamai, H.; Nakazawa, T. Choroidal excavation with polypoidal choroidal vasculopathy: A case report.
Clin. Ophthalmol. 2012, 6, 1373–1376. [CrossRef] [PubMed]

12. Vietnamese Ministry of Health. Diagnosis and Treatment of Some Common Retinal Retinopathy Diseases. Available on-
line: https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Quyet-dinh-4928-QD-BYT-2019-tai-lieu-Huong-dan-chan-doan-
va-dieu-tri-benh-dich-kinh-vong-mac-431568.aspx (accessed on 3 May 2022).

13. Ciardella, A.P.; Donsoff, I.M.; Huang, S.J.; Costa, D.L.; Yannuzzi, L.A. Polypoidal choroidal vasculopathy. Surv. Ophthalmol. 2004,
49, 25–37. [CrossRef] [PubMed]

14. Jordan-Yu, J.M.; Teo, K.; Fan, Q.; Gana, J.C.; Leopando, A.K.; Nunes, S.; Farinha, C.; Barreto, P.; Melo, J.B.; Carreira, I.; et al. T
and genetic variations between Asian and Caucasian polypoidal choroidal vasculopathy. Br. J. Ophthalmol. 2021, 105, 1716–1723.
[CrossRef] [PubMed]

15. Alasil, T.; Munoz, N.; Keane, P.A.; Tufail, A.; Coady, P.A.; Novais, E.; de Carlo, T.E.; Baumal, C.R.; Waheed, N.K.; Duker, J.S.; et al.
Characteristics and racial variations of polypoidal choroidal vasculopathy in tertiary centers in the United States and United
Kingdom. Int. J. Retin. Vitr. 2017, 3, 9. [CrossRef]

16. Sho, K.; Takahashi, K.; Yamada, H.; Wada, M.; Nagai, Y.; Otsuji, T.; Nishikawa, M.; Mitsuma, Y.; Yamazaki, Y.; Matsumura, M.; et al.
Polypoidal Choroidal Vasculopathy: Incidence, Demographic Features, and Clinical Characteristics. Arch. Ophthalmol. 2003, 121,
1392–1396. [CrossRef]

17. Maruko, I.; Iida, T.; Saito, M.; Nagayama, D.; Saito, K. Clinical characteristics of exudative age-related macular degeneration in
Japanese patients. Am. J. Ophthalmol. 2007, 144, 15–22. [CrossRef] [PubMed]

18. Hayashi, H.; Yamashiro, K.; Gotoh, N.; Nakanishi, H.; Nakata, I.; Tsujikawa, A.; Otani, A.; Saito, M.; Iida, T.; Matsuo, K.; et al.
CFH and ARMS2 variations in age-related macular degeneration, polypoidal choroidal vasculopathy, and retinal angiomatous
proliferation. Investig. Ophthalmol. Vis. Sci. 2010, 51, 5914–5919. [CrossRef]

19. Chang, Y.C.; Wu, W.C. Polypoidal choroidal vasculopathy in Taiwanese patients. Ophthalmic Surg. Lasers Imaging 2009, 40,
576–581. [CrossRef]

20. Wen, F.; Chen, C.; Wu, D.; Li, H. Polypoidal choroidal vasculopathy in elderly Chinese patients. Graefe’s Arch. Clin. Exp.
Ophthalmol. 2004, 242, 625–629. [CrossRef]

21. Kwok, A.K.; Lai, T.Y.; Chan, C.W.; Neoh, E.L.; Lam, D.S. Polypoidal choroidal vasculopathy in Chinese patients. Br. J. Ophthalmol.
2002, 86, 892–897. [CrossRef]

22. Dang, D.T.; Quoc, T.M.; Chi, T.H.; Nhu, Q.N.; ThiNgoc, H.N.D.; Viet, H.B. Survey on polypoidal choroidal vasculopathy practice
pattern in Vietnam. Correspondence: Outpatient Department, Vietnam National Eye Hospital, 85 Ba Trieu, Nguyen Du Ward,
Hai Ba Trung District, Hanoi, Vietnam. 2022; manuscript in preparation; to be submitted.

23. Kumar, A.; Kumawat, D.; Sundar, M.D.; Gagrani, M.; Gupta, B.; Roop, P.; Hasan, N.; Sharma, A.; Chawla, R. Polypoidal choroidal
vasculopathy: A comprehensive clinical update. Ther. Adv. Ophthalmol. 2019, 11. [CrossRef] [PubMed]

24. Hien, N. Research on Clinical Characteristics and Treatment Outcome in Polypoidal Choroidal Vasculopathy. Ph.D. Thesis, Hanoi
Medical University, Hanoi, Vietnam, 2021.

25. Dat, D. The Study on Using Bevacizumab Intravitreal Injection for the Treatment of Neovascular Age-Related Macular Degenera-
tion. Ph.D. Thesis, Hanoi Medical University, Hanoi, Vietnam, 2017.

26. Honda, S.; Matsumiya, W.; Negi, A. Polypoidal choroidal vasculopathy: Clinical features and genetic predisposition. Ophthalmo-
logica 2014, 231, 59–74. [CrossRef] [PubMed]

27. Woo, S.J.; Ahn, J.; Morrison, M.A.; Ahn, S.Y.; Lee, J.; Kim, K.W.; DeAngelis, M.M.; Park, K.H. Analysis of Genetic and
Environmental Risk Factors and Their Interactions in Korean Patients with Age-Related Macular Degeneration. PLoS ONE 2015,
10, e0132771. [CrossRef]

28. Cackett, P.; Yeo, I.; Cheung, C.M.; Vithana, E.N.; Wong, D.; Tay, W.T.; Tai, E.S.; Aung, T.; Wong, T.Y. Relationship of smoking and
cardiovascular risk factors with polypoidal choroidal vasculopathy and age-related macular degeneration in Chinese persons.
Ophthalmology 2011, 118, 846–852. [CrossRef] [PubMed]

29. Beatty, S.; Koh, H.; Phil, M.; Henson, D.; Boulton, M. The role of oxidative stress in the pathogenesis of age-related macular
degeneration. Surv. Ophthalmol. 2000, 45, 115–134. [CrossRef]

30. Solberg, Y.; Rosner, M.; Belkin, M. The association between cigarette smoking and ocular diseases. Surv. Ophthalmol. 1998, 42,
535–547. [CrossRef]

31. Kikuchi, M.; Nakamura, M.; Ishikawa, K.; Suzuki, T.; Nishihara, H.; Yamakoshi, T.; Nishio, K.; Taki, K.; Niwa, T.;
Hamajima, N.; et al. Elevated C-reactive protein levels in patients with polypoidal choroidal vasculopathy and patients with
neovascular age-related macular degeneration. Ophthalmology 2007, 114, 1722–1727. [CrossRef]

32. Chung, Y.R.; Seo, E.J.; Kim, Y.H.; Yang, H.; Lee, K. Hypertension as a risk factor for recurrent subretinal hemorrhage in polypoidal
choroidal vasculopathy. Can. J. Ophthalmol. 2016, 51, 348–353. [CrossRef]

33. Ueta, T.; Obata, R.; Inoue, Y.; Iriyama, A.; Takahashi, H.; Yamaguchi, T.; Tamaki, Y.; Yanagi, Y. Background comparison of
typical age-related macular degeneration and polypoidal choroidal vasculopathy in Japanese patients. Ophthalmology 2009, 116,
2400–2406. [CrossRef]

http://doi.org/10.1016/j.ajoc.2017.10.012
http://www.ncbi.nlm.nih.gov/pubmed/30128371
http://doi.org/10.2147/OPTH.S33879
http://www.ncbi.nlm.nih.gov/pubmed/22969281
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Quyet-dinh-4928-QD-BYT-2019-tai-lieu-Huong-dan-chan-doan-va-dieu-tri-benh-dich-kinh-vong-mac-431568.aspx
https://thuvienphapluat.vn/van-ban/The-thao-Y-te/Quyet-dinh-4928-QD-BYT-2019-tai-lieu-Huong-dan-chan-doan-va-dieu-tri-benh-dich-kinh-vong-mac-431568.aspx
http://doi.org/10.1016/j.survophthal.2003.10.007
http://www.ncbi.nlm.nih.gov/pubmed/14711438
http://doi.org/10.1136/bjophthalmol-2020-317537
http://www.ncbi.nlm.nih.gov/pubmed/33037006
http://doi.org/10.1186/s40942-017-0060-4
http://doi.org/10.1001/archopht.121.10.1392
http://doi.org/10.1016/j.ajo.2007.03.047
http://www.ncbi.nlm.nih.gov/pubmed/17509509
http://doi.org/10.1167/iovs.10-5554
http://doi.org/10.3928/15428877-20091030-07
http://doi.org/10.1007/s00417-003-0667-z
http://doi.org/10.1136/bjo.86.8.892
http://doi.org/10.1177/2515841419831152
http://www.ncbi.nlm.nih.gov/pubmed/30834360
http://doi.org/10.1159/000355488
http://www.ncbi.nlm.nih.gov/pubmed/24280967
http://doi.org/10.1371/journal.pone.0132771
http://doi.org/10.1016/j.ophtha.2010.09.026
http://www.ncbi.nlm.nih.gov/pubmed/21146223
http://doi.org/10.1016/S0039-6257(00)00140-5
http://doi.org/10.1016/S0039-6257(98)00002-2
http://doi.org/10.1016/j.ophtha.2006.12.021
http://doi.org/10.1016/j.jcjo.2016.02.012
http://doi.org/10.1016/j.ophtha.2009.06.013


J. Clin. Med. 2022, 11, 4678 16 of 18

34. Meiqari, L.; Essink, D.; Wright, P.; Scheele, F. Prevalence of Hypertension in Vietnam: A Systematic Review and Meta-Analysis.
Asia Pac. J. Public Health 2019, 31, 101–112. [CrossRef]

35. Viet Nguyen, C.; Le, T.T.; Nguyen, N.H. The impact of cigarette prices on smoking participation and tobacco expenditure in
Vietnam. PLoS ONE 2021, 16, e0260415. [CrossRef] [PubMed]

36. Scassellati-Sforzolini, B.; Mariotti, C.; Bryan, R.; Yannuzzi, L.A.; Giuliani, M.; Giovannini, A. Polypoidal choroidal vasculopathy
in Italy. Retina 2001, 21, 121–125. [CrossRef] [PubMed]

37. Lafaut, B.A.; Leys, A.M.; Snyers, B.; Rasquin, F.; De Laey, J.J. Polypoidal choroidal vasculopathy in Caucasians. Graefe’s Arch. Clin.
Exp. Ophthalmol. 2000, 238, 752–759. [CrossRef] [PubMed]

38. Spaide, R.F.; Yannuzzi, L.A.; Slakter, J.S.; Sorenson, J.; Orlach, D.A. Indocyanine green videoangiography of idiopathic polypoidal
choroidal vasculopathy. Retina 1995, 15, 100–110. [CrossRef] [PubMed]

39. Palkar, A.; Khetan, V. Polypoidal choroidal vasculopathy: An update on current management and review of literature. Taiwan J.
Ophthalmol. 2019, 9, 72–92. [CrossRef] [PubMed]

40. Zeng, R.; Zhang, X.; Li, M.; Wen, F. Pilot study of inactive polypoidal lesions in polypoidal choroidal vasculopathy. Eur. J.
Ophthalmol. 2015, 25, 222–228. [CrossRef]

41. Cheung, C.M.; Lai, T.Y.; Chen, S.J.; Chong, V.; Lee, W.K.; Htoon, H.; Ng, W.Y.; Ogura, Y.; Wong, T.Y. Understanding indocyanine
green angiography in polypoidal choroidal vasculopathy: The group experience with digital fundus photography and confocal
scanning laser ophthalmoscopy. Retina 2014, 34, 2397–2406. [CrossRef]

42. Chaikitmongkol, V.; Khunsongkiet, P.; Patikulsila, D.; Ratanasukon, M.; Watanachai, N.; Jumroendararasame, C.; Mayerle,
C.B.; Han, I.C.; Chen, C.J.; Winaikosol, P.; et al. Color Fundus Photography, Optical Coherence Tomography, and Fluorescein
Angiography in Diagnosing Polypoidal Choroidal Vasculopathy. Am. J. Ophthalmol. 2018, 192, 77–83. [CrossRef]

43. Serra, R.; Coscas, F.; Pinna, A.; Cabral, D.; Coscas, G.; Souied, E.H. Fractal analysis of polypoidal choroidal neovascularisation in
age-related macular degeneration. Br. J. Ophthalmol. 2021, 105, 1421–1426. [CrossRef]

44. Chaikitmongkol, V.; Kong, J.; Khunsongkiet, P.; Patikulsila, D.; Sachdeva, M.; Chavengsaksongkram, P.; Dejkriengkraikul,
C.; Winaikosol, P.; Choovuthayakorn, J.; Watanachai, N.; et al. Sensitivity and Specificity of Potential Diagnostic Features
Detected Using Fundus Photography, Optical Coherence Tomography, and Fluorescein Angiography for Polypoidal Choroidal
Vasculopathy. JAMA Ophthalmol. 2019, 137, 661–667. [CrossRef]

45. Teo, K.Y.C.; Cheung, G.C.M. New Concepts in Polypoidal Choroidal Vasculopathy Imaging: A Focus on Optical Coherence
Tomography and Optical Coherence Tomography Angiography. Asia Pac. J. Ophthalmol. 2019, 8, 165–171. [CrossRef]

46. De Salvo, G.; Vaz-Pereira, S.; Keane, P.A.; Tufail, A.; Liew, G. Sensitivity and specificity of spectral-domain optical coherence
tomography in detecting idiopathic polypoidal choroidal vasculopathy. Am. J. Ophthalmol. 2014, 158, 1228–1238.e1. [CrossRef]
[PubMed]

47. Fujimoto, J.G.; Pitris, C.; Boppart, S.A.; Brezinski, M.E. Optical coherence tomography: An emerging technology for biomedical
imaging and optical biopsy. Neoplasia 2000, 2, 9–25. [CrossRef] [PubMed]

48. Permadi, A.C.; Djatikusumo, A.; Adriono, G.A. Optical coherence tomography in diagnosing polypoidal choroidal vasculopathy.
Looking into the future: A systematic review and meta-analysis. Int. J. Retin. Vitr. 2022, 8, 14. [CrossRef]

49. Liu, R.; Li, J.; Li, Z.; Yu, S.; Yang, Y.; Yan, H.; Zeng, J.; Tang, S.; Ding, X. Distinguishing polypodal choroidal vasculopathy from
typical neovascular age-related macular degeneration based on spectral domain optical coherence tomography. Retina 2016, 36,
778–786. [CrossRef]

50. Lau, T.; Wong, I.Y.; Iu, L.; Chhablani, J.; Yong, T.; Hideki, K.; Lee, J.; Wong, R. En-face optical coherence tomography in the
diagnosis and management of age-related macular degeneration and polypoidal choroidal vasculopathy. Indian J. Ophthalmol.
2015, 63, 378–383. [CrossRef]

51. Chung, S.E.; Kang, S.W.; Lee, J.H.; Kim, Y.T. Choroidal thickness in polypoidal choroidal vasculopathy and exudative age-related
macular degeneration. Ophthalmology 2011, 118, 840–845. [CrossRef]

52. Jirarattanasopa, P.; Ooto, S.; Nakata, I.; Tsujikawa, A.; Yamashiro, K.; Oishi, A.; Yoshimura, N. Choroidal thickness, vascular
hyperpermeability, and complement factor H in age-related macular degeneration and polypoidal choroidal vasculopathy.
Investig. Ophthalmol. Vis. Sci. 2012, 53, 3663–3672. [CrossRef]

53. Ma, S.-T.; Huang, C.-H.; Chang, Y.-C.; Lai, T.-T.; Hsieh, Y.-T.; Ho, T.-C.; Yang, C.-M.; Cheng, C.-G.; Yang, C.-H. Clinical features
and prognosis of polypoidal choroidal vasculopathy with different morphologies of branching vascular network on optical
coherence tomography angiography. Sci. Rep. 2021, 11, 17848. [CrossRef]

54. Thị Thu Trang, N.; Thị Phúc, H.; Quốc Tùng, M.; Thị Hải Hà, L. Characteristics of Polypoidal Choroidal Vasculopathy Evaluated
by Optical Coherence Tomography Angiography. Vietnam Med. J. 2022, 509, OCT324-30. [CrossRef]

55. Wang, Y.; Yang, J.; Li, B.; Yuan, M.; Chen, Y. Detection Rate and Diagnostic Value of Optical Coherence Tomography Angiog-
raphy in the Diagnosis of Polypoidal Choroidal Vasculopathy: A Systematic Review and Meta-Analysis. J. Ophthalmol. 2019,
2019, 6837601. [CrossRef] [PubMed]

56. Azar, G.; Vasseur, V.; Lahoud, C.; Favard, C.; De Bats, F.; Cochereau, I.; Yachvitz, A.; Mauget-Faÿsse, M. Polypoidal Choroidal
Vasculopathy Diagnosis and Neovascular Activity Evaluation Using Optical Coherence Tomography Angiography. BioMed Res.
Int. 2021, 2021, 1637377. [CrossRef] [PubMed]

57. Ting, D.S.; Cheung, G.C.; Lim, L.S.; Yeo, I.Y. Comparison of swept source optical coherence tomography and spectral domain
optical coherence tomography in polypoidal choroidal vasculopathy. Clin. Exp. Ophthalmol. 2015, 43, 815–819. [CrossRef]

http://doi.org/10.1177/1010539518824810
http://doi.org/10.1371/journal.pone.0260415
http://www.ncbi.nlm.nih.gov/pubmed/34905542
http://doi.org/10.1097/00006982-200104000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11321137
http://doi.org/10.1007/s004170000180
http://www.ncbi.nlm.nih.gov/pubmed/11045343
http://doi.org/10.1097/00006982-199515020-00003
http://www.ncbi.nlm.nih.gov/pubmed/7542796
http://doi.org/10.4103/tjo.tjo_35_18
http://www.ncbi.nlm.nih.gov/pubmed/31198666
http://doi.org/10.5301/ejo.5000532
http://doi.org/10.1097/IAE.0000000000000255
http://doi.org/10.1016/j.ajo.2018.05.005
http://doi.org/10.1136/bjophthalmol-2020-317011
http://doi.org/10.1001/jamaophthalmol.2019.0565
http://doi.org/10.22608/apo.201909
http://doi.org/10.1016/j.ajo.2014.08.025
http://www.ncbi.nlm.nih.gov/pubmed/25152500
http://doi.org/10.1038/sj.neo.7900071
http://www.ncbi.nlm.nih.gov/pubmed/10933065
http://doi.org/10.1186/s40942-022-00365-5
http://doi.org/10.1097/IAE.0000000000000794
http://doi.org/10.4103/0301-4738.159860
http://doi.org/10.1016/j.ophtha.2010.09.012
http://doi.org/10.1167/iovs.12-9619
http://doi.org/10.1038/s41598-021-97340-1
http://doi.org/10.51298/vmj.v509i1.1760
http://doi.org/10.1155/2019/6837601
http://www.ncbi.nlm.nih.gov/pubmed/31915542
http://doi.org/10.1155/2021/1637377
http://www.ncbi.nlm.nih.gov/pubmed/34825001
http://doi.org/10.1111/ceo.12580


J. Clin. Med. 2022, 11, 4678 17 of 18

58. Arias, J.D.; Parra, M.M.; Hoyos, A.T.; Arango, F.; Viteri, E.J.; Arevalo, J.F. En face swept-source optical coherence tomography
angiography choroidal vasculography (CVG) a tool to discriminate choroidal abnormalities in polypoidal choroidal vasculopathy.
Expert Rev. Med. Devices 2021, 18, 903–908. [CrossRef]

59. Lee, M.W.; Yeo, I.; Wong, D.; Ang, C.L. Argon laser photocoagulation for the treatment of polypoidal choroidal vasculopathy. Eye
2009, 23, 145–148. [CrossRef] [PubMed]

60. Sen, P.; Vinay Kumar, S.; Bhende, M.; Sharma, T. Combined argon laser photocoagulation and antivascular endothelial growth
factor for management of macular polypoidal choroidal vasculopathy. Oman J. Ophthalmol. 2016, 9, 139–143. [CrossRef] [PubMed]

61. Reddy, S.V.; Husain, D. Panretinal Photocoagulation: A Review of Complications. Semin. Ophthalmol. 2018, 33, 83–88. [CrossRef]
62. Choe, S.; Kang, H.G.; Park, K.H.; Lee, C.S.; Woo, S.J. Long-term outcomes of focal laser photocoagulation for the treatment of

polypoidal choroidal vasculopathy. Int. J. Ophthalmol. 2021, 14, 1402–1407. [CrossRef]
63. Lee, M.Y.; Lee, W.K.; Baek, J.; Kwon, O.W.; Lee, J.H. Photodynamic therapy versus combination therapy in polypoidal choroidal

vasculopathy: Changes of aqueous vascular endothelial growth factor. Am. J. Ophthalmol. 2013, 156, 343–348. [CrossRef]
64. Tong, J.P.; Chan, W.M.; Liu, D.T.; Lai, T.Y.; Choy, K.W.; Pang, C.P.; Lam, D.S. Aqueous humor levels of vascular endothelial growth

factor and pigment epithelium-derived factor in polypoidal choroidal vasculopathy and choroidal neovascularization. Am. J.
Ophthalmol. 2006, 141, 456–462. [CrossRef] [PubMed]

65. Fenner, B.J.; Cheung, C.M.G.; Sim, S.S.; Lee, W.K.; Staurenghi, G.; Lai, T.Y.Y.; Ruamviboonsuk, P.; Kokame, G.; Yanagi, Y.; Teo,
K.Y.C. Evolving treatment paradigms for PCV. Eye 2022, 36, 257–265. [CrossRef] [PubMed]

66. Chi, S.-C.; Kang, Y.-N.; Huang, Y.-M. Systematic review with network meta-analysis of antivascular endothelial growth factor use
in managing polypoidal choroidal vasculopathy. Sci. Rep. 2021, 11, 2735. [CrossRef] [PubMed]

67. Tsujikawa, A.; Ooto, S.; Yamashiro, K.; Tamura, H.; Otani, A.; Yoshimura, N. Treatment of polypoidal choroidal vasculopathy by
intravitreal injection of bevacizumab. Jpn. J. Ophthalmol. 2010, 54, 310–319. [CrossRef]

68. Kokame, G.T.; Yeung, L.; Lai, J.C. Continuous anti-VEGF treatment with ranibizumab for polypoidal choroidal vasculopathy:
6-month results. Br. J. Ophthalmol. 2010, 94, 297–301. [CrossRef] [PubMed]

69. Oishi, A.; Kojima, H.; Mandai, M.; Honda, S.; Matsuoka, T.; Oh, H.; Kita, M.; Nagai, T.; Fujihara, M.; Bessho, N.; et al. Comparison
of the effect of ranibizumab and verteporfin for polypoidal choroidal vasculopathy: 12-month LAPTOP study results. Am. J.
Ophthalmol. 2013, 156, 644–651. [CrossRef]

70. Mori, R.; Tanaka, K.; Yuzawa, M. Factors predicting 2-year treatment results of ranibizumab therapy for polypoidal choroidal
vasculopathy in eyes with good baseline visual acuity. Medicine 2018, 97, e11188. [CrossRef]

71. Wu, W.C.; Chen, J.T.; Tsai, C.Y.; Wu, C.L.; Cheng, C.K.; Shen, Y.D.; Tsai, A.; Wu, P.C. A 12-month, prospective, observational study
of ranibizumab in treatment-naïve Taiwanese patients with neovascular age-related macular degeneration: The RACER study.
BMC Ophthalmol. 2020, 20, 462. [CrossRef]

72. Koh, A.; Lee, W.K.; Chen, L.J.; Chen, S.J.; Hashad, Y.; Kim, H.; Lai, T.Y.; Pilz, S.; Ruamviboonsuk, P.; Tokaji, E.; et al. EVEREST
study: Efficacy and safety of verteporfin photodynamic therapy in combination with ranibizumab or alone versus ranibizumab
monotherapy in patients with symptomatic macular polypoidal choroidal vasculopathy. Retina 2012, 32, 1453–1464. [CrossRef]

73. Koh, A.; Lai, T.Y.Y.; Takahashi, K.; Wong, T.Y.; Chen, L.-J.; Ruamviboonsuk, P.; Tan, C.S.; Feller, C.; Margaron, P.; Lim, T.H.; et al.
Efficacy and Safety of Ranibizumab with or Without Verteporfin Photodynamic Therapy for Polypoidal Choroidal Vasculopathy:
A Randomized Clinical Trial. JAMA Ophthalmol. 2017, 135, 1206–1213. [CrossRef]

74. Liu, L.; Ma, J.; Duan, P.; Liu, Y.; Yin, Z.Q. Practicability confirmation by meta-analysis of intravitreal ranibizumab compared to
photodynamic therapy to treat polypoidal choroidal vasculopathy. Mol. Vis. 2015, 21, 1130–1141.

75. Fauser, S.; Schwabecker, V.; Muether, P.S. Suppression of intraocular vascular endothelial growth factor during aflibercept
treatment of age-related macular degeneration. Am. J. Ophthalmol. 2014, 158, 532–536. [CrossRef] [PubMed]

76. Muether, P.S.; Hermann, M.M.; Dröge, K.; Kirchhof, B.; Fauser, S. Long-term stability of vascular endothelial growth factor
suppression time under ranibizumab treatment in age-related macular degeneration. Am. J. Ophthalmol. 2013, 156, 989–993.e2.
[CrossRef] [PubMed]

77. Semeraro, F.; Morescalchi, F.; Duse, S.; Parmeggiani, F.; Gambicorti, E.; Costagliola, C. Aflibercept in wet AMD: Specific role and
optimal use. Drug Des. Dev. Ther. 2013, 7, 711–722. [CrossRef] [PubMed]

78. Shah, V.A.; Tripathy, K.; Bhagat, N.; Lim, J.I.; Karth, P.A. Aflibercept. Available online: https://eyewiki.aao.org/Aflibercept#
Ophthalmology (accessed on 16 May 2022).

79. Stewart, M.W.; Rosenfeld, P.J. Predicted biological activity of intravitreal VEGF Trap. Br. J. Ophthalmol. 2008, 92, 667. [CrossRef]
80. Oshima, Y.; Kimoto, K.; Yoshida, N.; Fujisawa, K.; Sonoda, S.; Kubota, T.; Murata, T.; Sakamoto, T.; Yoshida, S.; Sonoda, K.H.; et al.

One-Year Outcomes following Intravitreal Aflibercept for Polypoidal Choroidal Vasculopathy in Japanese Patients: The APOLLO
Study. Ophthalmologica 2017, 238, 163–171. [CrossRef]

81. Lee, J.E.; Shin, J.P.; Kim, H.W.; Chang, W.; Kim, Y.C.; Lee, S.J.; Chung, I.Y.; Lee, J.E. Efficacy of fixed-dosing aflibercept for treating
polypoidal choroidal vasculopathy: 1-year results of the VAULT study. Graefe’s Arch. Clin. Exp. Ophthalmol. 2017, 255, 493–502.
[CrossRef]

82. Lee, W.K.; Iida, T.; Ogura, Y.; Chen, S.-J.; Wong, T.Y.; Mitchell, P.; Cheung, G.C.M.; Zhang, Z.; Leal, S.; Ishibashi, T.; et al. Efficacy
and Safety of Intravitreal Aflibercept for Polypoidal Choroidal Vasculopathy in the PLANET Study: A Randomized Clinical Trial.
JAMA Ophthalmol. 2018, 136, 786–793. [CrossRef]

http://doi.org/10.1080/17434440.2021.1963230
http://doi.org/10.1038/sj.eye.6702955
http://www.ncbi.nlm.nih.gov/pubmed/17721502
http://doi.org/10.4103/0974-620X.192263
http://www.ncbi.nlm.nih.gov/pubmed/27843227
http://doi.org/10.1080/08820538.2017.1353820
http://doi.org/10.18240/ijo.2021.09.16
http://doi.org/10.1016/j.ajo.2013.04.001
http://doi.org/10.1016/j.ajo.2005.10.012
http://www.ncbi.nlm.nih.gov/pubmed/16490490
http://doi.org/10.1038/s41433-021-01688-7
http://www.ncbi.nlm.nih.gov/pubmed/34262165
http://doi.org/10.1038/s41598-021-82316-y
http://www.ncbi.nlm.nih.gov/pubmed/33531615
http://doi.org/10.1007/s10384-010-0813-1
http://doi.org/10.1136/bjo.2008.150029
http://www.ncbi.nlm.nih.gov/pubmed/19726427
http://doi.org/10.1016/j.ajo.2013.05.024
http://doi.org/10.1097/MD.0000000000011188
http://doi.org/10.1186/s12886-020-01715-3
http://doi.org/10.1097/IAE.0b013e31824f91e8
http://doi.org/10.1001/jamaophthalmol.2017.4030
http://doi.org/10.1016/j.ajo.2014.05.025
http://www.ncbi.nlm.nih.gov/pubmed/24879948
http://doi.org/10.1016/j.ajo.2013.06.020
http://www.ncbi.nlm.nih.gov/pubmed/23938122
http://doi.org/10.2147/DDDT.S40215
http://www.ncbi.nlm.nih.gov/pubmed/23990705
https://eyewiki.aao.org/Aflibercept#Ophthalmology
https://eyewiki.aao.org/Aflibercept#Ophthalmology
http://doi.org/10.1136/bjo.2007.134874
http://doi.org/10.1159/000477448
http://doi.org/10.1007/s00417-016-3489-5
http://doi.org/10.1001/jamaophthalmol.2018.1804


J. Clin. Med. 2022, 11, 4678 18 of 18

83. Wong, T.Y.; Ogura, Y.; Lee, W.K.; Iida, T.; Chen, S.J.; Mitchell, P.; Gemmy Cheung, C.M.; Zhang, Z.; Leal, S.; Ishibashi, T. Efficacy
and Safety of Intravitreal Aflibercept for Polypoidal Choroidal Vasculopathy: Two-Year Results of the Aflibercept in Polypoidal
Choroidal Vasculopathy Study. Am. J. Ophthalmol. 2019, 204, 80–89. [CrossRef]

84. Kawashima, Y.; Oishi, A.; Tsujikawa, A.; Yamashiro, K.; Miyake, M.; Ueda-Arakawa, N.; Yoshikawa, M.; Takahashi, A.; Yoshimura,
N. Effects of aflibercept for ranibizumab-resistant neovascular age-related macular degeneration and polypoidal choroidal
vasculopathy. Graefe’s Arch. Clin. Exp. Ophthalmol. 2015, 253, 1471–1477. [CrossRef]

85. Azuma, K.; Obata, R.; Nomura, Y.; Tan, X.; Takahashi, H.; Yanagi, Y. Angiographic findings of Ranibizumba-resistant polypoidal
choroidal vasculopathy after switching to a treat-and-extend regimen with intravitreal aflibercept. Retina 2016, 36, 2158–2165.
[CrossRef]

86. Kikushima, W.; Sakurada, Y.; Sugiyama, A.; Yoneyama, S.; Tanabe, N.; Matsubara, M.; Mabuchi, F.; Iijima, H. Comparison of
two-year outcomes after photodynamic therapy with ranibizumab or aflibercept for polypoidal choroidal vasculopathy. Sci. Rep.
2017, 7, 16461. [CrossRef] [PubMed]

87. Cho, H.J.; Kim, K.M.; Kim, H.S.; Han, J.I.; Kim, C.G.; Lee, T.G.; Kim, J.W. Intravitreal Aflibercept and Ranibizumab Injections for
Polypoidal Choroidal Vasculopathy. Am. J. Ophthalmol. 2016, 165, 1–6. [CrossRef] [PubMed]

88. Ma, I.H.; Hsia, Y.; Hsieh, Y.-T.; Ho, T.-C.; Lai, T.-T.; Yang, C.-M.; Yang, C.-H. Real world experience of the treatment outcome
between photodynamic therapy combined with ranibizumab and aflibercept monotherapy in polypoidal choroidal vasculopathy.
Sci. Rep. 2021, 11, 20115. [CrossRef] [PubMed]

89. Chaikitmongkol, V.; Sagong, M.; Lai, T.Y.Y.; Tan, G.S.W.; Ngah, N.F.; Ohji, M.; Mitchell, P.; Yang, C.H.; Ruamviboonsuk, P.; Wong, I.; et al.
Treat-and-Extend Regimens for the Management of Neovascular Age-related Macular Degeneration and Polypoidal Choroidal
Vasculopathy: Consensus and Recommendations from the Asia-Pacific Vitreo-retina Society. Asia Pac. J. Ophthalmol. 2021, 10,
507–518. [CrossRef] [PubMed]

90. Dugel, P.U.; Koh, A.; Ogura, Y.; Jaffe, G.J.; Schmidt-Erfurth, U.; Brown, D.M.; Gomes, A.V.; Warburton, J.; Weichselberger, A.;
Holz, F.G. HAWK and HARRIER: Phase 3, Multicenter, Randomized, Double-Masked Trials of Brolucizumab for Neovascular
Age-Related Macular Degeneration. Ophthalmology 2020, 127, 72–84. [CrossRef]

91. Dugel, P.U.; Singh, R.P.; Koh, A.; Ogura, Y.; Weissgerber, G.; Gedif, K.; Jaffe, G.J.; Tadayoni, R.; Schmidt-Erfurth, U.; Holz,
F.G. HAWK and HARRIER: Ninety-Six-Week Outcomes from the Phase 3 Trials of Brolucizumab for Neovascular Age-Related
Macular Degeneration. Ophthalmology 2021, 128, 89–99. [CrossRef]

92. Ogura, Y.; Jaffe, G.J.; Cheung, C.M.G.; Kokame, G.T.; Iida, T.; Takahashi, K.; Lee, W.K.; Chang, A.A.; Monés, J.; D’Souza, D.; et al.
Efficacy and safety of brolucizumab versus aflibercept in eyes with polypoidal choroidal vasculopathy in Japanese participants of
HAWK. Br. J. Ophthalmol. 2021, 106, 994–999. [CrossRef]

93. Monés, J.; Srivastava, S.K.; Jaffe, G.J.; Tadayoni, R.; Albini, T.A.; Kaiser, P.K.; Holz, F.G.; Korobelnik, J.F.; Kim, I.K.; Pruente, C.; et al. Risk
of Inflammation, Retinal Vasculitis, and Retinal Occlusion-Related Events with Brolucizumab: Post Hoc Review of HAWK and
HARRIER. Ophthalmology 2021, 128, 1050–1059. [CrossRef]

94. Baumal, C.R.; Spaide, R.F.; Vajzovic, L.; Freund, K.B.; Walter, S.D.; John, V.; Rich, R.; Chaudhry, N.; Lakhanpal, R.R.; Oellers, P.R.; et al.
Retinal Vasculitis and Intraocular Inflammation after Intravitreal Injection of Brolucizumab. Ophthalmology 2020, 127, 1345–1359.
[CrossRef]

95. Fukuda, Y.; Sakurada, Y.; Matsubara, M.; Hasebe, Y.; Sugiyama, A.; Kikushima, W.; Kashiwagi, K. Comparison of Outcomes
between 3 Monthly Brolucizumab and Aflibercept Injections for Polypoidal Choroidal Vasculopathy. Biomedicines 2021, 9, 1164.
[CrossRef]

96. Guidance for Treating Physicians. Available online: https://www.brolucizumab.info/guidance-treating-physicians (accessed on
16 May 2022).

http://doi.org/10.1016/j.ajo.2019.02.027
http://doi.org/10.1007/s00417-014-2838-5
http://doi.org/10.1097/IAE.0000000000001047
http://doi.org/10.1038/s41598-017-16476-1
http://www.ncbi.nlm.nih.gov/pubmed/29184088
http://doi.org/10.1016/j.ajo.2016.02.019
http://www.ncbi.nlm.nih.gov/pubmed/26921806
http://doi.org/10.1038/s41598-021-99634-w
http://www.ncbi.nlm.nih.gov/pubmed/34635762
http://doi.org/10.1097/APO.0000000000000445
http://www.ncbi.nlm.nih.gov/pubmed/34839342
http://doi.org/10.1016/j.ophtha.2019.04.017
http://doi.org/10.1016/j.ophtha.2020.06.028
http://doi.org/10.1136/bjophthalmol-2021-319090
http://doi.org/10.1016/j.ophtha.2020.11.011
http://doi.org/10.1016/j.ophtha.2020.04.017
http://doi.org/10.3390/biomedicines9091164
https://www.brolucizumab.info/guidance-treating-physicians

	Introduction 
	Methodology 
	Epidemiology and Clinical Characteristics 
	Prevalence 
	Demographics 
	Risk Factors 
	Clinical Manifestations 
	Discussion and Expert Opinion 

	Diagnosis 
	Indocyanine Green Angiography 
	Fundus Photography 
	Fluorescein Angiography 
	Optical Coherence Tomography 
	Discussion and Expert Opinion 

	Treatments 
	Photocoagulation Laser 
	Anti-VEGF Therapies 
	Bevacizumab 
	Ranibizumab 
	Aflibercept 
	Brolucizumab 

	Discussion and Expert Opinion 

	Conclusions 
	References

