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Abstract

Purpose To evaluate morphological and quantitative changes in the choroid after panretinal photocoagulation (PRP) for
diabetic retinopathy using multimodal imaging and to identify factors associated with these changes.

Methods This retrospective study included 48 eyes of 26 patients with severe non-proliferative or proliferative diabetic
retinopathy. Ultra-widefield indocyanine green angiography (UWF-ICGA) and enhanced-depth imaging optical coherence
tomography (EDI-OCT) were performed before and after PRP. Choroidal vessel density, fractal dimension (FD), and hyper-
permeable area were quantified from fluorescein angiography-subtracted ICGA images using ImageJ and Fractalyse soft-
ware. Choroidal vascularity index (CVI), subfoveal choroidal thickness (SFCT), and Haller’s layer thickness were measured
on EDI-OCT. CVI was calculated as the ratio of the luminal area to the total subfoveal choroidal area within a 1,500-pm
region. Relationships among choroidal and retinal parameters were analyzed by multivariable regression.

Results After PRP, the mean hyperpermeable area significantly decreased (8.78%—7.95%, p<0.001), accompanied by reduc-
tions in choroidal vessel density (34.67%—33.34%, p<0.001), FD (1.662—1.632, p= 0.003), SFCT (266.63—242.75 pum,
p<0.001), and CVI (64.34%—62.13%, p<0.001). Haller’s layer thickness was independently associated with the hyperper-
meable area, while CVI correlated with central retinal thickness and Haller’s layer thickness.

Conclusion PRP reduces choroidal vascular congestion and complexity, suggesting structural remodeling of the choroidal
vasculature associated with reduced vascular permeability. Quantitative ICGA- and OCT-derived indices may serve as non-
invasive biomarkers for evaluating choroidal remodeling and treatment response after PRP in diabetic retinopathy.

Key Messages

What is known

e Panretinal photocoagulation (PRP) is the standard treatment for proliferative diabetic retinopathy, but its impact on the
choroidal vasculature remains incompletely understood, with previous studies reporting inconsistent findings regarding
post-PRP choroidal thickness and perfusion changes.

What is new

e Quantitative multimodal imaging revealed significant reductions in choroidal hyperpermeability, vascular density,
fractal dimension, and choroidal vascularity index after PRP, indicating decreased vascular congestion and complexity.

e Haller’s layer thickness was independently associated with the hyperpermeable area, suggesting that large choroidal
vessels are particularly responsive to PRP-associated changes in choroidal vascular permeability.

e These findings support the concept that PRP is associated with reductions in choroidal vascular congestion and complexity,
suggesting structural remodeling of the choroidal vasculature, and that ICGA- and OCT-derived metrics may serve as
noninvasive biomarkers of choroidal remodeling and treatment response in diabetic retinopathy.
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Introduction

Diabetic retinopathy (DR) is a leading cause of vision loss
among working-age adults worldwide [1]. Although DR has
traditionally been considered a microvascular disease of the
retina, increasing evidence suggests that the choroid also
undergoes substantial structural and functional alterations
in diabetes [2—4]. The choroidal vasculature plays a criti-
cal role in maintaining outer retinal homeostasis by supply-
ing oxygen and nutrients to the retinal pigment epithelium
and photoreceptors [5]. Therefore, disruption of choroidal
perfusion may exacerbate retinal ischemia and contribute to
disease progression [6].

Advances in enhanced-depth imaging optical coherence
tomography (EDI-OCT) and ultra-widefield indocyanine
green angiography (UWF ICGA) have enabled detailed
visualization of choroidal morphology and circulation [4, 7,
8]. These imaging modalities have revealed various features
of diabetic choroidopathy, including choriocapillaris drop-
out, vessel dilation, and areas of hyperpermeability [9-11].
However, the relationship between these choroidal changes
and the clinical course or treatment response of DR remains
incompletely understood.

Panretinal photocoagulation (PRP) is the standard ther-
apy for proliferative diabetic retinopathy (PDR), aiming to
reduce ischemic drive and vascular endothelial growth fac-
tor (VEGF) expression [12]. Despite its proven efficacy in
preventing severe vision loss, PRP may induce secondary
effects on the choroidal circulation. Previous reports have
shown inconsistent findings—some demonstrating transient
thickening and others persistent thinning of the choroid
after PRP—Iikely due to differences in imaging protocols
and timing of evaluation [13—17]. Quantitative metrics
such as the choroidal vascularity index (CVI) and fractal
dimension (FD) can provide objective measures of vascular
remodeling and complexity, yet few studies have integrated
these parameters with UWF ICGA-based assessments of
choroidal hyperpermeability and vascular density [18-20].

Recently, we reported that qualitative and quantitative
analyses of UWF ICGA images revealed progressive dila-
tion, complexity, and hyperpermeability of choroidal vessels
with advancing stages of DR [4]. Building upon these find-
ings, the present study aimed to evaluate the morphological
and quantitative changes in the choroidal vasculature before
and after PRP in eyes with severe non-proliferative diabetic
retinopathy (NPDR) and PDR. Using multimodal imaging
including UWF ICGA and EDI-OCT, we analyzed choroi-
dal vascular density, area of hyperpermeability, FD, and
CVL This study provides comprehensive insight into how
PRP influences choroidal vascular structure and function,
thereby improving understanding of diabetic choroidopathy
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as both a disease manifestation and a modifiable treatment
target.

Methods
Patients

This study was a retrospective observational case series.
This study was approved by the Internal Review Board of
the Yeungnam university medical center. Informed consent
was obtained from all patients, and the study adhered to the
tenets of the Declaration of Helsinki. This study included
patients with DR who underwent four sessions of PRP at
intervals of two weeks to one month and had available UWF
ICGA obtained within one month before the initiation of
PRP and within two months after the completion of PRP.
Patients were excluded if either of the two ICGA image
was unsuitable for analysis due to media opacity or other
image quality issues. Forty-eight eyes (26 patients) with a
diagnosis of severe NPDR or PDR were included in this
study. Exclusion criteria included high myopia or hyperopia
(greater than —6 or +3 diopters of refractive error), poor
image quality, history of anti-VEGFs or laser photocoagula-
tion, any other associated retinal pathology, history of any
intraocular surgery, or ocular diseases that could potentially
cause retinal or choroidal vascular changes (e.g., any type
of macular degeneration, including age-related macular
degeneration, central serous chorioretinopathy, retinal vas-
cular occlusion, or intraocular inflammation). All partici-
pants underwent a comprehensive ophthalmic examination
including best-corrected visual acuity testing, slit-lamp bio-
microscopy, intraocular pressure measurement, and dilated
fundoscopic examination. All patients underwent OCT,
ultra-wide-field fluorescein angiography (UWF FA) and
UWF ICGA before and after four sessions of PRP.

UWF angiographic parameters

After pupil dilation, UWF FA and UWF ICGA images were
acquired using a UWF retinal imaging device (Optos Califor-
nia ultra-widefield imaging device; Dunfermline, Scotland,
UK). Simultaneous UWF FA and ICGA were performed
after an intravenous injection of 5 mL of 10% sodium fluo-
rescein and 25 mg of ICG. Images were obtained during the
early phase, mid and late phases of the angiogram. Choroi-
dal vascular abnormalities were defined as ICGA findings
not evident with FA.

Both qualitative and quantitative assessments of choroi-
dal vascular features were conducted.To exclude fluorescent
signals derived from the optic disc and retinal vessels from
the ICGA images, the FA images were subtracted from the
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ICGA images using ImageJ software (National Institutes of
Health, Bethesda, Maryland, USA; available at http://rsb.
info.nih.gov/ij/index.html). Binarized images of the choro
idal vessels were obtained, as previously reported*’. Cho-
roidal vascular hyperpermeability was evaluated in late
phase ICGA. For other measurement, all images were trans-
formed to a stereographic projection image using prototype
software from the manufacturer. Hyperpermeable area was
defined as the area was brighter than vortex vein fluores-
cence. We manually demarcated the outline of the hyper-
permeable area and calculated in pixels using ImagelJ. The
area of hyperpermeability was calculated using the follow-
ing formula: (area of hyperpermeability)/(total area) X 100
(%). The total area and the area with choroidal vessels were
calculated in pixels using the ImageJ. The choroidal vessel
density was calculated using the following formula: (area
with choroidal vessels)/(total area) X 100 (%). The FD is
a measure of vasculature branching pattern complexity®®.
We used Fractalyse software version 2.4 (http://www.frac
talyse.org/). Fractalyse software enables measuring FD by
box-counting method. The FD varies with the distribution
of vessels in the image and has a value between 0 and 2. The
more complex the vessel, the higher the measured value.

OCT-based choroidal parameters

EDI-OCT scans of the macula were performed using Spec-
tralis OCT (Heidelberg Engineering, Heidelberg, Germany).
EDI-OCT was used to visualize the choroidal vascular lay-
ers: the choriocapillaris layer, the choroidal layer composed
of medium-sized vessels (Sattler’s layer), and the large-
vessel choroidal layer (Haller’s layer). Horizontal 6-mm
line scans through the center of fovea were obtained. Only
scans with sufficient image quality were used for quantita-
tive analysis.

Central retinal and subfoveal choroidal thickness (SFCT)
were measured at foveal center using in-built calipers tool
provided in the software (Heidelberg Eye Explorer, ver-
sion 1.10.1.0; Heidelberg Engineering). CVI was defined
as the proportion of luminal area to the total circumscribed
subfoveal choroidal area measured on fovea-centered EDI-
SD-OCT images. CVI was calculated based on the proto-
col previously described [42, 47] with modifications using

Table 1 Demographic and clinical characteristics

N=26 Patients, 48 Eyes
60.6+11.1 (36-81)

25 (52.1%) / 23 (47.9%)
26 (54.2%) / 22 (45.8%)
30 (62.5%) / 18 (37.5%)

Age (years)

Gender (Male/Female)
Laterality (Right/ Left)

DR stage (severe NPDR/PDR)

BCVA (LogMAR) 0.23+£0.20
Spherical Equivalent (Diopters) -0.48+2.21
Central retinal thickness (um) 287.73+£58.01

ImagelJ software (version 1.52, Wayne Rasband, National
Institutes of Health; Bethesda, MD, USA). Concisely, the
subfoveal choroidal area with a width of 1,500 pm (750
um on each side of fovea), was selected and added to the
region of interest (ROI) manager (see Supplementary Fig.
S3 online). After image binarization, the dark pixels were
selected using colour threshold tool and added to the ROI
manager. The total subfoveal circumscribed area, area of
dark pixels (luminal area), and area of light pixels (stro-
mal area) were calculated. CVI was calculated by dividing
luminal area by total circumscribed subfoveal choroidal
area. Two masked graders (A.J. and Y.E.H.) independently
performed SFCT and CVI measurements. Interobserver
reproducibility was assessed using intraclass correlation
coefficients: SFCT = 0.936 (95% confidence interval [CI]
=0.892-0.960, p < 0.001), CVI=0.947 (95% CI = 0.936—
0.953, p <0.001).

Statistical analysis

Statistical analysis was performed using SPSS version 21.0
(IBM Corp., Armonk, NY, USA). The values were analyzed
using the paired-t test for comparing before and after laser
treatment. Univariate and multivariable linear regression
analyses were performed to determine the associations of
area of choroidal hyperpermeability with ocular factors. For
multivariate linear regression, factors showing suggestively
significant association in univariate analysis (P<0.10) were
included. All P values were considered statistically signifi-
cant when the values were <0.05.

Results
Baseline characteristics of eyes

A total of 48 eyes from 26 subjects were included in this
study. The mean age was 60.6+11.1 years,25 male (52.1%)
and 23 female (47.9%) subjects. The distribution of eyes
was 26 (54.2%) in the right eye, 22 (45.8%) in the left
eye. Thirty eyes (62.5%) had severe NPDR, and 18 eyes
(37.5%) had PDR. The mean best corrected visual acuity
was 0.23+0.20 LogMAR, and the mean spherical equiva-
lent was —0.48+2.21 diopters. The mean central retinal
thickness was 287.73+58.01 micrometers (Table 1).

Qualitative changes in UWF ICGA following PRP
Four major qualitative angiographic features of ICGA were
summarized in Supplementary Fig. S1 and S2. (1) Hypo-

fluorescent spots: a delay in dye filling or choriocapillaris
defects in early phase ICGA. (2) Salt and pepper pattern:
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Table 2 Qualitative and quantitative ICGA features before and after
PRP

Baseline After PRP P-value
Early ICGA Hypofluores- 31 (64.6%) 36 (75.0%) 0.069
cent spots
ICGA salt and pepper 25 (52.1%) 31 (64.6%) 0.182
pattern
Early inverted flow 5(10.4%) 8 (16.7%) 0.675
phenomenon
Late choroidal non-perfu- 30 (62.5%) 40 (83.3%) <0.001
sion region
Area of choroidal hyper-  8.78+4.68 7.95+£6.98 <0.001
permeability (%)
Choroidal vascular density 34.67+0.94  33.34+1.16 <0.001
(%)
Fractal dimension 1.662+0.041 1.632+0.435 0.003

lobular spotty hyperfluorescent and hypofluorescent mottled
pattern in the posterior pole in the very late phase ICGA.
(3) Early inverted flow phenomenon: choroidal vessel fill-
ing time was longer than retinal vessel filling time. (4) Cho-
roidal non-perfusion region: choroidal non-perfusion area
in late phase ICGA. Among 48 eyes, 31 eyes (64.6%) had
hypofluorescent spots before PRP, 36 eyes (75.0%) had it
after PRP. Twenty five eyes (52.1%) had the patchy pattern,
described as a salt and pepper pattern before PRP, 31 eyes
(64.6%) had it after PRP. Early inverted flow phenomenon
was observed in 5 eyes (10.4%) before PRP, 8 eyes (16.7%)
after PRP. Choroidal non-perfusion region was seen in 30

Stereographic projected FA image

eyes (62.5%) before PRP, 40 eyes (83.3%) after PRP. Cho-
roidal non-perfusion region was only significantly different
between before and after PRP (p<0.001) (Table 2) .

Quantitative changes in UWF ICGA following PRP

The overall image processing workflow used for quantita-
tive assessment of choroidal vasculature is summarized in
Fig. 1, illustrating each step from raw angiographic imag-
ing to fractal analysis. The mean area of hyperpermeabil-
ity was 8.78+4.68% before PRP, 7.95+6.98% after PRP.
Mean area of hyperpermeability was significantly decreased
after PRP (p<0.001) (Table 2). Multivariable linear regres-
sion demonstrated that area of choroidal hyperpermeability
was significantly correlated with Haller’s layer (p=0.001)
(Table 3). Before PRP, mean choroidal vascular density
was 34.67+£0.94% and it was 33.34+1.16% after PRP.
The mean choroidal vascular dentisy before PRP were sig-
nificantly higher than that after PRP (p<0.001) (Table 2).
Before PRP, eyes had a higher mean FD (1.662+0.041 vs.
1.632+£0.435), the difference was significant (p= 0.003)
(Table 2). A representative case of UWF ICGA and quan-
titative choroidal vascular analysis before and after PRP is
shown in Fig. 2.

Stereographic projected ICGA image

FA-subtracted ICGA image

Binarization

Skeletonization

Fig. 1 Image processing workflow for choroidal vascular analysis.
Stereographic projected fluorescein angiography (FA) and indocya-
nine green angiography (ICGA) images were obtained using an ultra-
widefield imaging system. The FA images were subtracted from the
ICGA images using Image]J software (National Institutes of Health,
Bethesda, MD, USA) to generate FA-subtracted ICGA images high-
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lighting the choroidal vasculature. Binarization and skeletonization
were applied to extract vascular networks for quantitative analysis.
Choroidal vessel density was calculated after binarization as (vascular
area / total area) x 100, and fractal dimension , representing vascular
branching complexity, was measured after binarization and skelectoni-
zation using Fractalyse software version 2.4
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Table 3 Linear regression analyses of factors associated with area of
choroidal hyperpermeability

Table 4 Choroidal thickness and choroidal vascularity index before
and after PRP

Variables Univariate Multivariable Baseline After PRP P-value
B P-value f P-value Subfoveal choroidal 266.63+37.25 242.75+34.32 <0.001

Age (years) 0.276 0.073 thickness (nm)

Diabetic macular edema 0.222  0.153 Sattler’s layer 55.354+9.62 51.58+£11.02 <0.001

Hypertension -0.292 0.101 Haller’s layer 211.27+£36.90 191.174£36.11 <0.001

DR stage -0.137 0.380 Choroidal vascularity 64.34+1.42 62.13+1.82  <0.001

BCVA (LogMAR) 0.113  0.469 Index (%)

Central retinal thickness (um) -0.252  0.103

Subfoveal choroidal thickness after PRP is shown in Fig. 3. Multivariable linear regres-

(nm) sion demonstrated that area of CVI was significantly corre-

Satﬂer:s layer 0.0520.741 lated with effective central retinal thickness and thickness of

Haller.s layer o ©0.5230.001% -0.482 - 0.001% Haller’s layer (P=0.003, P=0.001, respectively) (Table 5).

Choroidal vascularity index -1.178 0.246 -0.159 0.262

(%)

Fractal dimension -0.179  0.250 -0.133  0.351

Quantitative changes in OCT parameters following
PRP

The mean SFCT were 266.63+37.25 pm before PRP,
242.75+34.32 um after PRP. SFCT was decreased signifi-
cantly after PRP (p<0.001). Similar trends were observed
for Sattler’s layer (from 55.35+9.62 um to 51.58 £11.02 pum;
P<0.001) and Haller’s layer (from 211.27+36.90 um to
191.174+36.11 pm; P<0.001). There was a statistically sig-
nificant decrease in CVI after PRP (62.13+1.82) compared
to the baseline (64.34+1.42; p<0.001) (Table 4). A repre-
sentative OCT changes in choroidal parameters before and

Area of hyperpermeability FA-subtracted ICG

Baseline

Post PRP

Fig. 2 Representative ultra-widefield ICGA and quantitative choroidal
vascular analysis before and after PRP. Ultra-widefield ICGA images
demonstrate a reduction in the area of choroidal hyperpermeabil-
ity after panretinal photocoagulation (PRP) in a 56-year-old patient
with proliferative diabetic retinopathy (PDR). FA-subtracted ICGA,
binarized, and skeletonized images were processed as shown in Fig. |

Discussion

Normal choroidal vascular structure and circulation are
essential for maintaining retinal function [21]. Therefore,
understanding the choroidal structure and blood flow is crit-
ical to elucidating disease pathophysiology. Previous stud-
ies have shown that laser photocoagulation can destruct the
choriocapillaris, as demonstrated by scanning laser ophthal-
moscopy with ICGA or by choroidal microsphere counts
[22].

In this study, we investigated ICGA patterns in eyes with
severe NPDR and PDR to identify possible vascular changes
at the level of the choroidal circulation after PRP. PRP signif-
icantly reduced choroidal vascular density, complexity, and

Fractal Dimension

Choroidal Vascular Density

to quantify choroidal vascular parameters within the analyzed region
(yellow outline). Following PRP, the area of choroidal hyperperme-
ability decreased from 12.75% to 10.09%, accompanied by reductions
in choroidal vascular density (33.96% to 31.64%) and fractal dimen-
sion (1.675 to 1.634), indicating reduced vascular congestion and com-
plexity in the choroidal vasculature

@ Springer
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Baseline

Post PRP

Fig. 3 Representative OCT changes in choroidal parameters before
and after PRP. Optical coherence tomography (OCT) B-scans from a
54-year-old patient with proliferative diabetic retinopathy demonstrate
decreased subfoveal choroidal thickness (SFCT) and choroidal vas-
cular index (CVI) following panretinal photocoagulation (PRP). The

Table5 Linear regression analyses of factors associated choroidal vas-
cularity index

Variables Univariate Multivariable
B P-value f P-value
Age (years) -0.068 0.244
Gender -0.035 0.627
Diabetic macular edema 0.127 0.104
Hypertension -0.094  0.258
DR stage -0.062 0.795
BCVA (LogMAR) -0.164 0.131
Area of choroidal hyperper- -0.158 0.224
meability (%)
Central retinal thickness -0.142 0.036 -0.059  0.003
(nm)
Subfoveal choroidal thick-
ness (ULm)
Sattler’s layer 0.362 <0.001 0.0.546 0.381
Haller’s layer 0.488 <0.001 0.375 0.001
Fractal dimension -0.012 0.354 -0.144 0.151

thickness. Our recent investigation on diabetic choroidopa-
thy demonstrated that both choroidal vascular density and
FD progressively increased with advancing stages of dia-
betic retinopathy, reflecting compensatory or maladaptive
vascular remodeling [4]. The present study extends these
observations by showing that such large choroidal vascu-
lar changes in diabetes appear to shift toward a less con-
gested vascular pattern following PRP. This suggests that
the reduction in retinal ischemic drive after PRP may influ-
ence angiogenic signaling and choroidal vascular dynamics,
to which large choroidal vessels respond most sensitively,
resulting in partial restoration of vascular architecture and
function [23].

In addition, we observed a significant increase in late-
phase choroidal non-perfusion areas after PRP. However,
other qualitative biomarkers including hypofluorescent
spots, salt-and-pepper appearance, and inverted inflow
phenomenon, showed not significant change. Neverthe-
less, these parameters exhibited subtle aggravation of these
inflammatory signs immediately after PRP. This finding
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SFCT was reduced from 262 pum to 250 pm, and the CVI decreased
from 65.11% to 64.51%. These findings indicate a post-PRP reduction
in choroidal vascular congestion and luminal area, suggesting indi-
cating reduced vascular congestion and complexity in the choroidal
vasculature

implies that PRP, while therapeutically effective, may tran-
siently exacerbate choroidal inflammation due to acute
laser-induced metabolic and vascular stress [24]. Therefore,
short-term post-PRP evaluations should be interpreted with
caution, and further longitudinal follow-up is warranted
to clarify whether these transient inflammatory responses
eventually stabilize or evolve into chronic choroidal altera-
tions over time.

The mechanism by which oxygen supply is increased
after PRP is multifactorial [25]. First, the retina in the laser-
treated region becomes thinner, bringing the choriocapillaris
and inner retina into closer proximity. Second, destruction of
photoreceptors—cells with high oxygen demand—reduces
the metabolic consumption of the outer retina within laser
scars [26-28]. Because PRP disrupts portions of the retinal
pigment epithelium (RPE) and outer retina, it may second-
arily influence the choroidal circulation [29]. Evaluating
changes in choroidal perfusion therefore provides valuable
insight into the pathophysiology and progression of DR.
However, only a few studies have examined choroidal alter-
ations before and after PRP in diabetic eyes.

Histopathological studies have demonstrated choriocap-
illaris dropout in diabetes, which progresses with worsening
DR [30]. Upregulation of vascular endothelial growth factor
(VEGF) in response to RPE and photoreceptor hypoxia can
lead to vasodilation of medium and large choroidal vessels
[31]. Moreover, decreases in the choroidal luminal area have
been reported after anti-VEGF therapy in diabetic macular
edema and polypoidal choroidal vasculopathy [32, 33].

Our findings revealed that PRP in eyes with severe NPDR
and PDR significantly reduced choroidal vascular density,
FD, SFCT, and CVI. Several studies have also reported a
post-PRP reduction in choroidal thickness, total choroidal
area, luminal area, and choroidal blood flow compared with
untreated eyes [29, 34-36]. Aiello et al. [37] demonstrated
that vitreous VEGF concentrations in PDR are higher than
in NPDR and significantly decrease after successful PRP.
In chronic hyperglycemic states, choroidal vessels often
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exhibit excessive dilation, tortuosity, and hyperpermeabil-
ity—hallmarks of endothelial dysfunction [19, 38]. PRP
may alter angiogenic and inflammatory signaling pathways,
potentially influencing choroidal vascular behavior between
angiogenic and anti-angiogenic signaling, resulting in a
more stable and less permeable vascular network.

Alterations in choroidal circulation may directly influ-
ence oxygen and nutrient delivery to the outer retina.
Reduced hyperpermeability and vascular congestion after
PRP could facilitate more efficient oxygen diffusion and
metabolic exchange at the RPE—photoreceptor interface
[15, 39]. Conversely, excessive reduction in choroidal per-
fusion might lead to secondary ischemia in the outer retina,
underscoring the importance of maintaining an optimal PRP
energy balance that preserves choroidal support while sup-
pressing neovascular drive [40, 41].

Quantitative indices such as the CVI and FD, together
with UWF ICGA—derived hyperpermeability maps, may
serve as noninvasive biomarkers for evaluating choroi-
dal vascular health and treatment response [42—44]. These
imaging biomarkers could complement conventional retinal
findings in assessing PRP or anti-VEGF efficacy and may
help identify eyes at risk of ischemic progression despite
adequate laser treatment. In ICGA analyses, the area of
hyperpermeability was smaller after PRP. Multivariable
regression revealed that Haller’s layer thickness was inde-
pendently associated with the hyperpermeable area, sug-
gesting that PRP may reduce angiogenic drive and thereby
decreases choroidal vascular permeability. Reduced vascu-
lar leakage and stromal swelling consequently result in cho-
roidal thinning.

Some reports have described a transient increase in cho-
roidal thickness within one week after PRP [24, 45]. Cho
et al. [45] speculated that this transient increase may result
from vasodilation or choroidal effusion secondary to periph-
eral choriocapillaris damage, leading to reduced peripheral
flow and compensatory redistribution toward the macula.
According to Nonaka et al. [24] inflammatory leukocyte—
endothelial interactions occur immediately after laser
photocoagulation, upregulating nitric oxide synthesis and
inducing vasodilation. Because PRP targets the peripheral
retina, restriction of peripheral blood flow and redistribution
toward the posterior pole may cause a temporary increase in
macular perfusion.

Nevertheless, reports on post-PRP choroidal thickness
changes remain inconsistent. Such discrepancies may arise
from variations in laser protocols, timing of post-treatment
measurements, or blood-flow assessment techniques. Fur-
thermore, PRP-induced choroidal changes are likely influ-
enced by multiple inflammatory mediators and cytokines,
adding to the complexity of this condition [42, 46]. Future
studies combining multimodal imaging with molecular

biomarkers may clarify how systemic and local vascular
factors contribute to diabetic choroidopathy. Longitudinal
investigations could also determine whether PRP-induced
choroidal remodeling predicts functional outcomes or sub-
optimal response to subsequent anti-VEGF therapy. Inte-
grating these structural and molecular metrics into clinical
decision-making could advance individualized management
of DR.

Previous studies [42, 47] have shown that DR involves
central RPE and choroidal structural alterations that may be
partially reversible with anti-VEGF therapy. As our OCT
analysis was limited to the central 1,500 pum region, the
reductions in choroidal thickness and CVI should be inter-
preted as surrogate markers of central choroidal modulation
rather than global remodeling. When considered alongside
UWF ICGA findings of reduced choroidal hyperperme-
ability and vascular complexity, these OCT-derived metrics
may still reflect a broader choroidal response to PRP.

This study has several limitations. First, the sample size
was relatively small and the follow-up period short. Second,
there was no control group. Third, only the central 1,500 um
scan was analyzed as a representative region, which may
not fully reflect global choroidal changes. A volume scan
covering the macula would provide more detailed spatial
information. Fourth, manual image delineation may have
introduced observer bias. Fifth, detailed information on sys-
temic diabetic treatment was unavailable, and antidiabetic
medications might have influenced choroidal parameters.
Finally, structural changes observed on imaging should be
interpreted cautiously, as histopathologic confirmation was
not obtained.

In conclusion, qualitative ICGA features of diabetic
choroidopathy suggesting ischemia and inflammation did
not markedly change or showed slight increases after PRP.
However, PRP significantly reduced choroidal vascular den-
sity, complexity, and thickness—findings that may reflect
changes in choroidal vascular permeability and remodeling.
Further longitudinal studies are needed to elucidate whether
increased choroidal non-perfusion and transient post-laser
inflammatory responses ultimately stabilize or contribute
to the long-term progression of diabetic chorioretinopathy
after PRP.
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