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Purpose: Patients with polypoidal choroidal vasculopathy (PCV) may develop large sub-
macular hemorrhages (SMHs), which may result in severe visual loss. This study was
performed to determine the visual outcomes and prognostic factors of large SMHs secondary
to PCV.

Patients and Methods: We retrospectively reviewed the medical records of patients
diagnosed with PCV who developed a large SMH. The best-corrected visual acuity
(BCVA) data were collected at the SMH development, 1 month, 1 year after the SMH
development, and at the final visit. Patients’ medical information also were collected and
included age, gender, systemic hypertension, current regular use of an anticoagulant or
antiplatelet medication, the initial area of the SMH, breakthrough vitreous hemorrhage,
ocular treatment, and fellow eye status. Univariate and multiple regression analyses were
performed to determine the prognostic factors for the BCVA 1 year after the development of
large SMHs.

Results: Thirty eyes of 29 patients were included in this study. The mean area of the SMHs
at the development was 17.0 disc areas. The mean follow-up period after the development of
SMHs was 53.5 months. The mean BCVA at the development, 1 month, and 1 year after the
development, and at the final visit were 20/151, 20/263, 20/138, and 20/152, respectively.
Multiple regression analyses indicated that a SMH 20 disc areas or larger was a significant
negative factor, and the BCVA 1 month after the development was a significant positive
factor affecting the BCVA 1 year after the development of large SMHs.

Conclusion: The increase in the initial area of SMH was correlated inversely with the
BCVA 1 year after the development of SMH. The BCVA 1 month after the development may
predict the BCVA 1 year after the development of a large SMH.

Keywords: anti-vascular endothelial growth factor therapy, indocyanine green angiography,
multiple regression analyses, optical coherence tomography, pneumatic displacement

Introduction

Polypoidal choroidal vasculopathy (PCV) is a subtype of neovascular age-related
macular degeneration (nAMD) that is characterized by the presence of aneurysmal
polypoidal lesions with a branching vascular network." Up to 65% of nAMD cases
in Asia have been estimated to be the PCV subtype, with a study suggesting that
54.7% of Japanese patients with presumed nAMD have PCV.'™ The current main
treatments for PCV include the use of intravitreal anti-vascular endothelial growth

factor (VEGF) monotherapy or in combination with verteporfin photodynamic
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therapy (VPDT).! The PLANET study showed that afliber-
cept (Eylea, Regeneron Pharmaceuticals, Tarrytown,
New York, USA) monotherapy was noninferior to afliber-
cept therapy with rescue vPDT in patients with PCV.? In
contrast, the EVEREST II study found that ranibizumab
(Lucentis, Genentech Inc., South San Francisco, CA,
USA) in combination with vPDT was more efficacious
than ranibizumab monotherapy for achieving higher poly-
poidal lesion regression rates and superior visual acuity
(VA) outcomes in patients with PCV.> However, patients
with PCV may develop large submacular hemorrhages
(SMHs) during the treatment or follow-up period, which
may result in severe visual loss.> The purpose of our study
was to determine the visual outcomes in patients with PCV
who developed large SMHs. We also analyzed the prog-

nostic factors that may have affected the visual outcomes.

Patients and Methods

We retrospectively reviewed the medical records of
patients with a diagnosis of PCV who presented to the
macular degeneration unit of Kurume University Hospital
from January 2010 to January 2021. Patients were
included in this study if they presented with a SMH
equal to or larger than 4 disc areas and if they continued
to be followed at least 1 year after the development of
a large SMH. This study adhered to the tenets of the
The Ethical Committee of
Kurume University approved this study and waived the

Declaration of Helsinki.

need for individual patient consent due to the retrospective
nature of this study (No. 16221). The data were appropri-
ately anonymized to protect confidentiality during the
analyses.

The diagnosis of PCV was confirmed using color fun-
dus photography (TRC-50DX, TOPCON, Tokyo, Japan),
spectral-domain optical coherence tomography (OCT)
(HRA+OCT Heidelberg
Heidelberg, Germany), and if available, fluorescein angio-

Spectralis, Engineering,
graphy (FA) and indocyanine green angiography (ICGA)
(HRA+OCT Heidelberg
Heidelberg, Germany) (Figure 1). The best-corrected

Spectralis, Engineering,
visual acuity (BCVA) data were collected from the visit
before the development of the SMH if available, at the
development, 1 month, and 1 year after the development,
and at the final visit. The BCVAs were measured as dec-
imal values and converted to the logarithm of the mini-
mum angle of resolution (logMAR) units for statistical
analyses; further, counting fingers was graded as
logMAR 1.85, hand motions as logMAR 2.3, light

Figure | A representative case of a large submacular hemorrhage (SMH) second-
ary to polypoidal choroidal vasculopathy. (A) A color fundus photograph shows
a large SMH. (B and C) Infrared reflectance and optical coherence tomography
(OCT) images show the SMH and hemorrhagic retinal pigment epithelial detach-
ment. (B) The green arrow indicates the direction of OCT scan in (C). (D and E)
Fluorescein and indocyanine green angiography performed after pneumatic displa-
cement. (E) The yellow arrow indicates a polypoidal lesion. (F and G) Fluorescein
angiography and OCT images performed after pneumatic displacement. (F) The
green arrow indicates the direction of the OCT scan in (G). (G) The yellow arrow
indicates the polypoidal lesion.

perception as logMAR 2.8, and no light perception as
logMAR 2.9. Data are expressed as the mean + standard
deviation. Patients’ medical information also were col-
lected and included patient age, gender, systemic hyper-

tension, current regular use of an anticoagulant or
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antiplatelet medication, the initial area of the SMH, break-
through vitreous hemorrhage, ocular treatment, and fellow
eye status. The area of the SMH was measured on the
fundus photographs obtained at the development of SMH.
The area of the SMH was regarded as 20 disc areas when
fundus photographs could not cover the entire SMH.
Univariate analyses were first used to determine the poten-
tial prognostic factors for the BCVA 1 year after the
development of large SMHs. Multiple regression analyses
were performed using factors found to be significant in the
univariate analyses. All analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
A p < 0.05 was considered significant.

Results

Thirty eyes of 29 patients (24 men, 5 women) with
a diagnosis of PCV who developed a SMH equal to or larger
than 4 disc areas were included in this study. The clinical
characteristics of the 29 patients are shown in Table 1. The
mean area of the large SMHs at the development was 17.0 £
4.8 disc areas, and 11 eyes had a breakthrough vitreous
hemorrhage during the follow-up period. Twenty-one eyes
underwent FA and ICGA after the development of large
SMHs and three eyes before the development of large
SMHs. Twenty-six eyes had not been treated previously for

Table | Characteristics of Patients with Large SMHs Secondary to
PCV

Characteristics
No. eyes 30
Age (years) 708 £ 11.5
No. women (%) 5 (17%)
Systemic hypertension - no. (%) 20 (67%)
Anticoagulant therapy - no. (%) 2 (7%)
Antiplatelet therapy - no. (%) 6 (20%)
Initial area of SMH

20 disc areas or larger - no. (%) Il (37%)
Breakthrough vitreous hemorrhage - no. (%) Il (37%)
Treatment for PCV before SMH - no. (%) 4 (13%)
Treatment after SMH

Pneumatic displacement - no. (%) 13 (43%)

Anti-VEGF therapy - no. (%) 22 (73%)

Pars plana vitrectomy - no. (%) 4 (13%)
nAMD in fellow eyes - no. (%) 9 (30%)

Abbreviations: nAMD, neovascular age-related macular degeneration; PCV, poly-
poidal choroidal vasculopathy; SMH, submacular hemorrhage; VEGF, vascular
endothelial growth factor.

PCV. Four eyes had been treated previously, ie, with intravi-
treal ranibizumab injections (3 eyes), intravitreal aflibercept
injections (3 eyes), and/or vPDT (1 eye) for PCV. After the
large SMHs developed, 13 eyes underwent pneumatic dis-
placement, 22 eyes received anti-VEGF therapy, and four
eyes underwent pars plana vitrectomy, ie, 2 eyes for
a breakthrough vitreous hemorrhage, 1 eye for a macular
hole retinal detachment and breakthrough vitreous hemor-
rhage, and 1 eye for a rhegmatogenous retinal detachment.
The mean age of the study patients was 70.8 £ 11.5 years.
The mean follow-up period after the development of SMHs
was 53.5 + 30.3 months.

The mean BCVA at the development, 1 month, and
1 year after the development of large SMHs, and at the
final visit were logMAR 0.88 £ 0.61 (Snellen equivalent
20/151), logMAR 1.12 + 0.82 (Snellen equivalent 20/263),
logMAR 0.84 = 0.72 (Snellen equivalent 20/138), and
logMAR 0.88 + 0.75 (Snellen equivalent 20/152), respec-
tively (Figure 2). Subgroup analyses of nine eyes in which
the BCVA was measured before the development of large
SMHs showed that the mean BCVA before the development,
at the development, 1 month, and 1 year after the develop-
ment of large SMHs, and at the final visit were logMAR
0.23 £ 0.14 (Snellen equivalent 20/34), logMAR 0.74 + 0.44
(Snellen equivalent 20/111), logMAR 1.26 + 0.77 (Snellen
equivalent 20/360), logMAR 1.08 = 0.43 (Snellen equivalent
20/239), and logMAR 1.22 + 0.47 (Snellen equivalent 20/
333), respectively.

The prognostic factors evaluated as predictive of the
BCVA 1 year after the development of large SMHs are
shown in Table 2. Univariate analyses showed that the
presence of systemic hypertension, the initial area of the
SMH equal to or larger than 20 disc areas, the presence of
breakthrough vitreous hemorrhage, pneumatic displace-
ment, anti-VEGF therapy after the development of large
SMHs, and the BCVAs 1 month after the development
were significant factors affecting the BCVA 1 year after
the development of large SMHs. Multiple regression ana-
lyses indicated that the initial area of the SMH equal to or
larger than 20 disc areas was a significant negative factor,
and the BCVA 1 month after the development was
a significant positive factor affecting the BCVA 1 year
after the development of large SMHs (Table 2).

Discussion

The natural history of SMHs associated with nAMD has
been reported to result in poor visual outcomes. Avery et al
showed that progressive loss of VA from baseline occurred
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Figure 2 The best-corrected visual acuities (BCVAs) expressed in logarithm of the minimum angle of resolution (logMAR) units (mean * standard deviation) at the
development, | month, and | year after the development of large submacular hemorrhages, and at the final visit.

in most eyes throughout a 3-year follow-up period.®
Scupola et al reported that the mean BCVA worsened
from 20/240 at the development to 20/1250 at the final
visit during a 2-year follow-up period.” When untreated,
SMHs can damage the macular photoreceptors as the
result of iron toxicity, fibrin meshwork contraction, and
reduced nutrient flux, with subsequent macular scarring.®

Massive SMHs often develop in eyes with PCV and are
devastating complications with irreversible visual impair-
ment. Cho et al reported that the incidence rate of massive
SMHs in eyes with PCV is 29.9% within 10 years of

follow-up.> Those authors also showed that the mean
BCVA worsened from 20/71 at the development to 20/
438 1 year after the development of massive SMHs, and
71.9% of eyes had BCVAs worse than 20/200 1 year after
the development. In the current study, all 30 eyes diag-
nosed with PCV presented with a large SMH equal to or
larger than 4 disc areas. The mean BCVA improved
slightly from 20/151 at the development to 20/138 1 year
later; however, 30.0% of eyes had a BCVA worse than 20/
200 1 year after the development. In nine eyes in which
the BCVA was measured before a large SMH developed,

Table 2 Prognostic Factors Predictive of BCVA | Year After Development of Large SMHs Secondary to PCV

Univariate Analyses Multiple Regression Analyses

Coefficient 95% ClI p value | Coefficient 95% CI p value
Age 0.017 —0.00583-0.04035 0.137
Gender (female) 0.062 —0.67524-0.79924 0.865
Systemic hypertension 0.553 0.00999-1.09501 0.046 0.129 —0.14952-0.40701 0.349
Anticoagulant therapy 0.013 —1.08954—1.11454 0.982
Antiplatelet therapy —0.298 —0.97542-0.37959 0.375
Initial area of SMH 20 disc areas or larger 1.022 0.61137-1.43313 <0.001 0.481 0.16266-0.80012 0.005
Breakthrough vitreous hemorrhage 0.650 0.13804-1.16196 0.015 —0.278 —0.61652-0.06099 0.103
Treatment for PCV before SMH 0.215 —0.58899-1.01976 0.588
Pneumatic displacement after SMH —0.529 —1.04473--0.01364 0.045 —0.243 —0.51919-0.03311 0.082
Anti-VEGF therapy after SMH —0.953 —1.45363—0.45319 | <0.001 -0.213 —0.55068-0.12421 0.204
Pars plana vitrectomy after SMH 0.244 —0.55891-1.04737 0.538
nAMD in fellow eyes 0.183 —0.41233-0.779 0.534
BCVA | month after development 0.721 0.52401-0.91825 <0.001 0.564 0.34847-0.779 <0.001

Note: Figures in bold style represent p <0.05.

Abbreviations: BCVA, best-corrected visual acuity; Cl, confidence interval; nAMD, neovascular age-related macular degeneration; PCV, polypoidal choroidal vasculopathy;
SMH, submacular hemorrhage; VEGF, vascular endothelial growth factor.
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the mean BCVA worsened from 20/34 before the develop-
ment to 20/239 1 year after the development.

Previous studies have shown that the long-term visual
outcomes of SMHs associated with nAMD were correlated
inversely with the initial size of the SMHs. Scupola et al
reported that the initial sizes of the SMHs were correlated
with the final VA.” Avery et al also reported a significant
relationship between the initial size of the SMHs and
visual outcomes at the 12-month examination.® In the
current study, multiple regression analyses confirmed that
the initial area of the SMHs equal to or larger than 20 disc
areas decreased the BCVA 1 year after the development.

Multiple regression analyses also showed that the
BCVA 1 month after the development was correlated
with the BCVA 1 year after the development of large
SMHs, which suggests that the BCVA 1 month after may
predict the BCVA 1 year after the development of large
SMHs. In addition, the mean BCVA at the final visit was
worse than the mean BCVA 1 year after the development
of SMHs. This may be related to the fact that the under-
lying PCV continues to progress even after the develop-
ment of SMHs. Chang et al suggested that postoperative
anti-VEGF therapy may be needed to maintain the visual
gains obtained by treating the SMHs.’ However, Baek et al
reported that the activity of the PCV lesions diminishes
after the development of large SMHs, which may lead to
a reduction in the frequency of anti-VEGF injections.'”

Multiple treatment methods, including vitrectomy with
subretinal tissue plasminogen activator (tPA), pneumatic
displacement with and without intravitreal tPA, and intravi-
treal anti-VEGF therapy, have been used to treat SMHs
secondary to nAMD.!" However, no consensus exists
regarding the optimal treatment of large SMHs associated
with PCV. Kang et al compared three treatment methods for
SMHs secondary to PCV including intravitreal anti-VEGF
monotherapy, pneumatic displacement with anti-VEGF
therapy, and pars plana vitrectomy with anti-VEGF therapy,
and found little difference in the VAs at 2 years among the
three treatments.'? In the current study, multiple regression
analyses showed that neither pneumatic displacement nor
anti-VEGF therapy after the development of large SMHs
significantly affected the BCVA 1 year later; however, these
results may be attributable to the small sample sizes.

The current study had limitations that included its
retrospective nature, the small number of cases, and no
control group. The treatment methods were not standar-
dized and differed among the patients. However, the
study provided the 1-year real-world visual outcomes of

large SMHs secondary to PCV with the prognostic fac-
tors evaluated by univariate and multiple regression
analyses.

Conclusion

We reported the clinical characteristics and visual out-
comes of 30 eyes of 29 patients with a diagnosis of PCV
who developed SMHs equal to or larger than 4 disc areas.
The increase in the initial area of the SMHs was correlated
inversely with the BCVA 1 year after the development of
large SMHs. The BCVA at 1 month after may predict the
BCVA 1 year after the development of large SMHs.
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