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Purpose: Proliferative retinal changes may occur postsurgery for rhegmatogenous
retinal detachment (RRD), possibly preceding recurrent detachment. This study aims
to establish the groundwork for an imaging system capable of discerning changes in
retinal vessel tortuosity after RRD repair, analyzing widefield optical coherence tomog-
raphy angiography (WF-OCTA) images.

Methods: Eighty-eight eyes of 86 patients with RRD who underwent surgical proce-
dures and had repeated imaging with clear widefield optical coherence tomography
(WF-OCT) andWF-OCTA on different postoperative dayswere enrolled in this retrospec-
tive study. We compared WF-OCTA images over time to identify alterations in retinal
vessel tortuosity and observed regional changes in retinal morphology.

Results:After image processing, changes in retinal vessel tortuositywere detected in 66
quadrants. These changes, attributed to retinal traction from proliferative membranes,
were observed in 56 quadrants, among which retinal thickness remained unchanged
in seven sectors (12.5%) according to the WF-OCT map. In nine quadrants, changes
in retinal vessel tortuosity were attributed to changes in subretinal fluid, aligning with
observable variations in retinal thickness.

Conclusions:Observation of vessel tortuosity changes using WF-OCTA can help detect
early postoperative proliferative changes in eyes with RRD.

Translational Relevance: Because WF-OCTA can detect minute vessel tortuosity
changes, it can offer a noninvasive alternative for the detection of early postoperative
proliferative changes.

Introduction

Recent advancements in retinal detachment (RD)
surgery have significantly improved success rates,1
with over 90% of uncomplicated rhegmatogenous

RD (RRD) cases reattached successfully in a single
operation.2,3 In addition, numerous recent reports
on postoperative outcomes and changing surgical
techniques underscore ongoing efforts to optimize
methods.4–9 However, proliferative vitreoretinopathy
(PVR) remains a major RRD surgery complication
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and the leading cause of surgical failure.10 Unfortu-
nately, no pharmacologic treatment for PVR exists,
and surgical removal of proliferative membranes is the
only effective treatment option.10 PVR is characterized
by excessive cell proliferation on the retinal surface or
within the vitreous cavity, resulting in retinal traction
and recurrent detachment.11,12

The pursuit of effective PVR prevention measures
has prompted the extensive investigation of various
pharmaceutical agents. However, the current state of
drug discovery in this domain is generally perceived
as insufficient, as highlighted in a previous study.13 If
a viable pharmaceutical intervention for PVR preven-
tion is established, early recognition of PVR symptoms
becomes of paramount importance. It has been postu-
lated that the presence of minor vascular tortuosity can
serve as an early indicator of impending PVR, as delin-
eated by the aforementioned PVR grading system.14

Optical coherence tomography (OCT) and OCT
angiography (OCTA) have become indispensable tools
for assessing macular and vitreoretinal interface disor-
ders. Importantly, widefield OCT (WF-OCT) and
widefield OCTA (WF-OCTA) permit the exploration
of peripheral retinal structures through B-scan and
en face imaging techniques.15,16 The Xephilio OCT-S1
(Canon, Tokyo, Japan), introduced in 2019, captures
expansive B-scan images up to 23 mm. Moreover, it
obtains WF-OCTA images (23 × 20 mm) in a single
scan, harnessing artificial intelligence capabilities for
high-resolution images.

The objective of this study is to use a combina-
tion of WF-OCT and WF-OCTA in conjunction with
specialized imaging software to detect alterations in
retinal vessel tortuosity in patients with PVR after
surgical intervention for RRD repair.

Methods

Study Design

This retrospective case series, following the princi-
ples of the Declaration of Helsinki, was approved by
the Institutional Review Board of Kyushu University.
Written informed consent was obtained from all the
patients, and data were anonymized before analysis.

This study included eyes with RRD that underwent
vitreoretinal surgery at Kyushu University Hospital
from March 2021 to October 2022. Before surgery, all
patients underwent ophthalmic examinations, includ-
ing WF fundus photography (Optos California, Optos
Inc., Dunfermline, Scotland), WF-OCT, and WF-
OCTA (Xephilio OCT-S1). Eyes with noisy WF-

OCTA images and eyes in which RRD could be defini-
tively attributed to trauma were excluded.

To ensure the reliability of detecting retinal vessel
tortuosity changes and accuracy of alignment by the
image processing used in this study, we also examined
48 healthy eyes, capturing WF-OCT and WF-OCTA
images twice on the same day.

Evaluation of Retinal Vessel Tortuosity
Changes byWF-OCTA

In this study, we obtained high-resolution WF-
OCTA images of a 20-mm vertical (807 B-scans)
and 23-mm horizontal (1024 pixels) retina. The entire
retinal structure, from the inner limiting membrane
(ILM) to the retinal pigment epithelium (RPE), was
comprehensively imaged, and automatic segmentation
was performed using integrated artificial intelligence
software.

We acquired WF-OCTA images of eyes with
postoperative RRD at two distinct time points: 1
and 2 months after surgery. For comparative analysis,
we color-coded the 1-month and 2-month postopera-
tive WF-OCTA images in red and green, respectively,
using ImageJ (National Institutes of Health, Bethesda,
MD, USA). These color-coded images were superim-
posed (Figs. 1A–E). To assess the alterations in retinal
vessel tortuosity, we divided the superimposed WF-
OCTA images into four quadrants: superior, tempo-
ral, inferior, and nasal. The observer viewed overlaid
OCTA images while being blinded to patient informa-
tion to ensure unbiased assessment. A change in retinal
vessel tortuosity was defined as the displacement of
retinal blood vessels by 10 pixels or more within each
quadrant. However, this approach may be influenced
by head misalignment and ocular rotation.

To mitigate these potential sources of error, we
applied alignment procedures to theWF-OCTA images
using the image software i2k Retina Pro (DualAlign,
New York, NY, USA), which is capable of automated
image alignment. This software algorithm identifies
features in small portions of an input image and, in
ophthalmic images, analyzes and compares the unique
characteristics of vascular structures such as edges and
branching points. In recent years, this software has
been increasingly used to capture subtle changes in
retinal vasculature onwidefield images.17,18 After align-
ment, we repeated the color-coding and superimposi-
tion process for the 1- and 2-month postoperative WF-
OCTA images (Figs. 1F, 1J). These overlaid images
were again divided into four quadrants, and the crite-
ria for identifying changes in retinal vessel tortuosity
remained consistent with the previous assessment. We
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Figure 1. Overlay healthy eye images (before or after processing). Both A and B show OCTA images of healthy eyes obtained on the same
day. The color of each image was changed to red (C) or green (D). After C andD are overlaid, thewhite arrows indicate that the retinal vessels
do not overlap in all quadrants (E). F and G are obtained by processing A and B using image-processing software. The color of each image
was changed to red (H) or green (I). After H and I are overlaid, the retinal vessels overlap exactly (J).

systematically investigated the causes of these alter-
ations when detected, involving careful examination of
WF-OCT B-scan images. We categorized the identi-
fied causes based on B-scan findings and meticulously
documented the affected quadrants.

Evaluation of Retinal Thickness Changes by
WF-OCT

In patients with RRD, three-dimensional volumet-
ric data were obtained through WF-OCT. The data
covered a 20-mm vertical and 23-mm horizontal region
(1024 pixels) with a 5.3-mm scan depth. Retinal thick-
ness was assessed by measuring the vertical distance
between the ILM and RPE layers. Automated segmen-

tation of these layers was performed using artificial
intelligence–supported software.

We used the OCT Research Tool (Canon Medical
Systems, Ōtawara, Japan) to identify retinal thickness
changes. This tool facilitated comparison of retinal
thickness maps and extraction of differential thickness
data. The extracted images were subsequently divided
into four quadrants, defining a change in retinal thick-
ness as a variation of ≥30 μm within each quadrant.

Statistical Analysis

Data are presented as frequencies for categorical
variables and as mean ± standard deviation. Differ-
ences between groups were assessed using Fisher’s
exact test for categorical variables and one-way analy-
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sis of variance for continuous variables. P < 0.05 was
considered significant.

Results

In this study, we examined 88 eyes of 86 patients
with RRD. The study group, consisting of 60 men and
26 women, had an average age of 50.0 ± 16.7 years.
Among these eyes, 56 underwent pars plana vitrectomy,
27 had scleral buckling, and 5 had a combination of
both procedures.

In a cohort of 48 healthy eyes, we initially identified
retinal vessel tortuosity changes in 65 of 192 quadrants
(33.9%) before processing. Following processing with
i2k Retina Pro, no such changes were observed
(Table 1). Conversely, among the 88 eyes with RRD,
we identified retinal vessel tortuosity changes in 309
of the 352 quadrants (87.8%) before processing. After
processing, the number of quadrants showing these
changes was reduced to 66 of 352 (18.8%) (Table 1).

Upon detailed B-scan image examination, we deter-
mined that retinal vessel tortuosity changes in RRD
eyes could be attributed to increased retinal thickness
by proliferative membranes (epiretinal membrane) or
alterations in subretinal fluid. Specifically, 56 quadrants
(84.8%) exhibited changes due to increased retinal
traction by proliferative membranes, while 9 quadrants
(13.6%) demonstrated changes due to alterations in
subretinal fluid levels. Both factorswere simultaneously
implicated in a single quadrant (Table 2). Based on
the reference to WF fundus photography and medical
records, no new lesions affecting retinal vasculature
were found between 1 and 2 months postsurgery.
Therefore, it was considered that the causes of the
retinal vessel tortuosity changes were likely due to
proliferative membranes and alterations in subretinal
fluid levels.

Table 1. Number of Quadrants Where Retinal Vessel
Tortuosity Differences Were Detected Before and After
Image Processing

Characteristic n (%)

Healthy eyes (192 quadrants of 48 eyes)
Before processing (quadrants) 65 (33.9)
After processing (quadrants) 0 (0)

RRD eyes (352 quadrants of 88 eyes)
Before processing (quadrants) 309 (87.8)
After processing (quadrants) 66 (18.8)

Notably, in all nine quadrants where changes in
retinal vessel tortuosity were attributed to variations
in the subretinal fluid, corresponding retinal thick-
ness changes were detected. In contrast, among the 56
quadrants where changes were caused by the exacerba-
tion of retinal traction due to proliferative membranes,
retinal thickness changes were not observed in seven
quadrants (Table 2). We further explored the location
where changes in retinal vessel tortuosity occurred and
found a tendency for these changes to bemore common
in the temporal and inferior quadrants. This distribu-
tion remained consistent, regardless of the causative
factors behind the retinal vessel tortuosity changes, and
there were no significant differences.

This study specifically included cases with clearWF-
OCTA images at both 1 and 2 months postoperatively
and with no cases undergoing reoperation within 3
months postsurgery. We obtained OCTA images for
all 88 eyes with RRD at 3 months postoperatively.
Among the 66 quadrants where retinal vessel tortuosity
changes occurred between 1 and 2 months postoper-
atively, 14 quadrants (21.2%) showed further progres-
sion between 2 and 3 months postoperatively. Interest-
ingly, among the quadrants where retinal vessel tortu-
osity changes did not occur between 1 and 2 months
postoperatively, no new occurrences of retinal vessel

Table 2. Morphologic Changes Evaluated in B-Scan Images Where Retinal Vessel Tortuosity Changes Were
Detected on WF-OCTA and the Location of Retinal Vessel Tortuosity Changes

Morphologic Changes in B-Scan Images, n (%)

Characteristic Proliferation (n = 56) Subretinal Fluid (n = 9) Both (n = 1) Total (N = 66)

Detected by OCT map 49 (87.5) 9 (100) 1 (100) 59 (89.4)
Not detected by OCT map 7 (12.5) 0 (0) 0 (0) 7 (10.6)
Location*
Superior 12 (21.4) 1 (11.1) 1 (100) 14 (21.2)
Temporal 17 (30.4) 3 (33.3) 0 (0) 20 (30.3)
Inferior 16 (28.6) 3 (33.3) 0 (0) 19 (28.8)
Nasal 11 (19.6) 2 (22.2) 0 (0) 13 (19.7)
*P = 0.96 (Fisher’s exact test).
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Table 3. Comparison of Study Subjects’Baseline Characteristics and Surgical Procedures in Vitrectomy

Characteristic Proliferation (n = 21) No Proliferation (n = 40) P Value

Gender, n (%) 0.38
Male 13 (61.9) 30 (75.0)
Female 8 (38.1) 10 (25.0)

Age, mean ± SD, y 60.1 ± 11.4 55.7 ± 11.1 0.15
Axial length, mean ± SD, mm 25.5 ± 1.4 25.7 ± 1.7 0.69
BCVA, mean ± SD, logMAR 0.56 ± 0.59 0.55 ± 0.74 0.96
IOP, mean ± SD, mm Hg 14.8 ± 1.0 13.2 ± 0.8 0.22
Lens status, n (%) 0.21
Phakia 14 (66.7) 33 (82.5)
Pseudophakia 7 (33.3) 7 (17.5)

Macula status, n (%) 0.43
On 9 (42.9) 22 (55.0)
Off 12 (57.1) 18 (45.0)

RD area, mean ± SD, quadrants 0.03
1 3 (14.3) 17 (42.5)
2 17 (80.9) 18 (45.0)
3 1 (4.8) 4 (10.0)
4 0 (0) 1 (2.5)

Retinal break type, n (%) 0.75
Tear 15 (71.4) 27 (67.5)
Hole 6 (28.6) 13 (32.5)

Maximum retinal break location, n (%) 0.05
Upper 9 (42.9) 20 (50.0)
Temporal 4 (19.0) 12 (30.0)
Lower 8 (38.1) 4 (10.0)
Nasal 0 (0) 4 (10.0)

Retinal break size (h), n (%) 0.88
<1 17 (81.0) 33 (82.5)
�1 4 (19.0) 7 (17.5)

Combined scleral buckling, n (%) 0.003
Yes 5 (23.8) 40 (100.0)
No 16 (76.2) 0 (0)

Combined cataract surgery, n (%) 0.40
Yes 13 (61.9) 29 (72.5)
No 8 (38.1) 11 (27.5)

Surgical time, mean ± SD, min 126.4 ± 33.5 105.4 ± 29.7 0.01
ILM peeling, n (%) 0.23
Yes 7 (33.3) 6 (15.0)
No 14 (66.7) 33 (82.5)
Inverted flap 0 (0) 1 (2.5)

Drainage retinotomy, n (%) 0.003
Yes 5 (23.8) 0 (0)
No 16 (76.2) 40 (100.0)

Tamponade agent, n (%) 0.02
Air 0 (0) 5 (12.5)
SF6 15 (71.4) 33 (82.5)
C3F8 2 (9.5) 1 (2.5)
SO 4 (19.0) 1 (2.5)

BCVA, best-corrected visual acuity; C3F8, perfluoropropane; ILM, internal limiting membrane; IOP, intraocular pressure;
logMAR, logarithm of the minimum angle of resolution; SD, standard deviation; SF6, sulfur hexafluoride; SO, silicone oil.
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Figure 2. Representative case 1. A 59-year-old man underwent a vitrectomy for RRD. (A) An OCTA image obtained 1 month after surgery.
(B) OCTA image obtained 2 months after surgery. (C) Overlaid image after changing A and B to red and green, respectively, and image
processing. (D) Magnified image of the superior area C (area surrounded bywhite squares). Thewhite arrow indicates retinal vessel tortuosity
change. (E) Retinal thickness map image obtained 1 month after surgery. (F) Retinal thickness map image obtained 2 months after surgery.
(G) An image obtained by comparing E and F using the OCT Research Tool, which can extract differences in retinal thickness. The area above
themacula is displayed in awarm color in the retinal thickness map image and is thicker. (H) B-scan image of the part indicated by thewhite
line in the image of E. (I) Magnified image of part of the image ofH (area surrounded by awhite square). (J) B-scan image of the part indicated
by thewhite line in the image in F. (K) Magnified image of part of the image in J (area surrounded by awhite square).

tortuosity changes were observed between 2 and 3
months postoperatively.

Retinal vessel tortuosity changes associated with
alterations in subretinal fluid levels occurred only in
cases after scleral buckling surgery, while prolifera-
tive membrane formations occurred after vitrectomy
(including those with concomitant scleral buckling). To
investigate relevant factors associated with prolifera-
tive membrane formation, we divided the 61 patients
who underwent vitrectomy into two groups: those who
developed proliferation (21 cases) and those who did
not (40 cases).

Table 3 shows the comparison of the 11 baseline
characteristics and six surgical procedures with or
without proliferation. Among the 17 clinical factors
analyzed, we observed nominal associations (P < 0.05)
of 17 factors, including RD area (P = 0.03), maximum

retinal break location (P = 0.05), combined scleral
buckling (P= 0.003), surgical time (P= 0.01), intraop-
erative drainage retinotomy (P = 0.003), and tampon-
ade agent (P = 0.02) with proliferation. In many cases,
gas was used as a tamponade material during vitrec-
tomy, leading to the presence of residual gas in the
vitreous cavity during the initial 2 weeks postopera-
tively. However, in this study, gas, including perfluoro-
propane in the vitreous cavity, had dissipated by the
1-month postoperative stage. Among the five eyes in
which silicone oil was used as the tamponade material,
retinal vascular tortuosity changes due to proliferation
were detected in four eyes. OCTA images were captured
at the 2-week postoperative stage in two of these four
eyes; additionally, retinal vascular tortuosity changes
were detected between 2 weeks and 1 month postop-
eratively in these two eyes.
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Figure3. Representative case 2. A 51-year-oldmanunderwent a vitrectomy for RRD. (A) AnOCTA imageobtained1month after surgery. (B)
OCTA imageobtained2months after surgery. (C) Overlaid imageafter changingA andB to red andgreen, respectively, and imageprocessing.
(D) Magnified image of the inferior area of C (area surrounded by awhite square). Thewhite arrow indicates retinal vessel tortuosity change.
(E) Retinal thicknessmap image obtained 1month after surgery. (F) Retinal thicknessmap image obtained 2months after surgery. (G) Image
obtained by comparing E and F using the OCT Research Tool, which can extract differences in retinal thickness; there is nowarm or cool color
on the image to indicate changes in retinal thickness. (H) B-scan image of the part indicated by thewhite line in the image of E. (I) Magnified
image of part of the image of H (area surrounded by a white square). (J) B-scan image of the part indicated by the white line in the image in
F. (K) Magnified image of part of the image in J (area surrounded by awhite square).

Representative Cases

Case 1
A 59-year-old man underwent vitrectomy for RRD.

Postoperative WF-OCTA images at 1 and 2 months
following image processing revealed retinal vessel tortu-
osity changes in the superior optic disc region (Figs.
2A–D). Examination of the corresponding retinal
thickness map indicated increased retinal thickness
(Figs. 2E–G). B-scan images at the same location
revealed progressive tissue proliferation over time (Figs.
2H–K). Hence, it is believed that retinal traction result-
ing from proliferative membrane development on the
retinal surface led to retinal thickening and alterations
in the retinal vascular patterns.

Case 2
A 59-year-old man underwent a vitrectomy for

RRD. Overlapping WF-OCTA images acquired
1 and 2 months postoperatively revealed retinal
vessel tortuosity changes in the inferior optic disc
region (Figs. 3A–D). Examination of the corre-
sponding retinal thickness map revealed minimal
changes in thickness (Figs. 3E–G). B-scan images
at the same location indicated slight proliferation
on the retinal surface (Figs. 3H–K). In this case,
retinal traction was attributed to subtle prolifer-
ative membranes on the retinal surface, although
no significant changes in retinal thickness were
observed. This case illustrates that while WF-
OCTA detected alterations in the retinal status, such
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Figure 4. Representative case 3. A 67-year-old woman underwent a vitrectomy with scleral buckling for RRD. (A) OCTA image obtained 1
month after surgery. (B) OCTA image obtained 2 months after surgery. (C) Overlaid image after changing A and B to red and green, respec-
tively, and image processing. (D) Magnified image of the inferior area of C (area surrounded by a white square). The white arrow indicates
retinal vessel tortuosity change. (E) Magnified image of the inferior area of C (area surrounded by a yellow square). Thewhite arrow indicates
retinal vessel tortuosity change. (F) Retinal thickness map image obtained 1month after surgery. (G) Retinal thickness map image obtained
2 months after surgery. (H) Image obtained by comparing F and G using the OCT Research Tool, which can extract differences in retinal
thickness. The retinal thickness changes in the superior optic disc area, and the temporal area changes. (I) B-scan image of the part indicated
by the white line in the image of F. (J) Magnified image of part of the image of I (area surrounded by a white square). (K) Magnified image
of part of the image of I (area surrounded by a yellow square). (L) B-scan image of the part indicated by the white line in the image in G. (M)
Magnified imageof part of the image in L (area surroundedby awhite square). (N)Magnified imageof part of the image in L (area surrounded
by a yellow square).

changes were not evident in the retinal thickness map
image.

Case 3
A 67-year-old woman underwent a vitrectomy

with scleral buckling for RRD. Overlapping WF-
OCTA images acquired 1 and 2 months postopera-
tively revealed retinal vessel tortuosity changes in the
superior optic disc and temporal regions (Figs. 4A–
E). Examination of the corresponding retinal thick-
ness map revealed retinal thickness changes (Figs. 4F–
H). B-scan images at the superior optic disc region
indicated progression of proliferation on the retinal
surface, and B-scan images at the temporal region
indicated movement of subretinal fluid (Figs. 4I–N).
In this case, retinal traction resulting from prolifer-
ative membrane development on the retinal surface

led to retinal thickening and retinal vessel tortuosity
changes in the superior optic disc region. In the tempo-
ral region, both movement of subretinal fluid and
retinal traction due to proliferative membrane led to
retinal thickening and retinal vessel tortuosity changes.

Discussion

In this study, we used WF-OCT and WF-OCTA
to assess the alterations in retinal vessel tortuosity
and thickness in patients who underwent surgery for
RRD. Our investigation of the origins of changes
in retinal vessel tortuosity and alterations in retinal
thickness revealed that most of these changes were
attributed to the exacerbation of retinal traction caused
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by proliferative membranes. This observation is consis-
tent with prior studies that identified PVR as a promi-
nent contributor to the recurrence of RD and the
resulting retinal complications.

Furthermore, our study demonstrated that changes
in retinal thickness were detectable in quadrants where
changes in retinal vessel tortuosity were associated
with fluctuations in subretinal fluid levels. However,
in 7 of the 56 quadrants (12.5%) where changes were
linked to intensified retinal traction from prolifera-
tive membranes, changes in retinal thickness were not
apparent. This suggests an inconsistent correlation
between retinal vessel tortuosity and retinal thickness
in patients with RRD. Subretinal fluid level can affect
retinal morphology in the vertical direction and the
horizontal direction by changing retinal thickness and
mound-like forms resulting in vessel tortuosity. There-
fore, changes in the subretinal fluid could be identi-
fied in both the retinal thickness map and WF-OCTA
images. Quadrants with subtle proliferative tissue on
the retinal surface, which cause horizontal shifts, might
not be discernible in retinal thickness maps. To identify
subtle changes in retinal vessel tortuosity during PVR
progression after RRD surgery, overlaying WF-OCTA
images to assess vessel misalignment may be more
beneficial than evaluating retinal thickness changes.

Despite several investigations to prevent of PVR,
the current state of drug discovery remains insuffi-
cient.13,19,20 Early detection of PVR symptoms may
be pivotal when effective drugs for PVR prevention
are available. Minor changes in retinal vessel tortuosity
may signify early-stage PVR, as indicated by the previ-
ously mentioned PVR grading system.14,21 Given the
potential of PVR-suppressing treatments, our findings
suggest thatWF-OCTA andWF-OCT offer important
insights into PVR diagnosis and management. Thus,
it is considered highly valuable to have functionality
integrated into OCT that enables the early detection
of progression to PVR and automatically detects such
changes. The ability to identify changes in retinal vessel
tortuosity and retinal thickness enables clinicians to
identify the underlying causes of retinal complications
and tailor treatment strategies accordingly, especially if
PVR-suppressing drugs become available; this will also
be useful in explaining treatment plans to patients.

Factors associated with postoperative proliferation
after vitrectomy include the location of preoperative
retinal breaks, the extent of RD, and surgical proce-
dures such as scleral buckling, tamponade agents,
and surgical time. Previous reports have shown that
the combination of scleral buckling and vitrectomy
increases PVR risk compared to performing vitrec-
tomy alone and that inferior breaks can pose a risk
of recurrent detachment.22,23 Taking these factors into

account, it can be inferred that if the condition of
RRD is severe, postoperative proliferative membranes
are more likely to occur. Furthermore, the presence of
drainage retinotomy was found to be related to prolif-
erative membranes. This is consistent with previous
reports showing that drainage retinotomy is involved in
PVR and epiretinal membrane after RRD surgery.24,25
Drainage retinotomy can be a risk for PVR because
retinal pigment epithelial cells can invade the vitre-
ous cavity through retinal tears and induce subsequent
upregulation of profibrotic growth factors and inflam-
matory cytokines within the eye.26 In this study, no
new occurrences of retinal vessel tortuosity changes
were observed between 2 and 3 months postopera-
tively. Considering this, it is conceivable that if postop-
erative proliferative membranes develop, they would
likely commence proliferation between 1 and 2 months
postoperatively at the latest. Further long-term follow-
up may be necessary to understand how prolifera-
tive membranes proliferate and how they cease or
regress.

Our results demonstrated that a significant propor-
tion of quadrants displayed changes in retinal vessel
tortuosity before image processing. However, upon
application of the i2k Retina Pro software for process-
ing, the number of detected retinal vessel tortuosity
changes decreased notably. This highlights the impor-
tance of employing image-processing techniques to
mitigate the influence of headmisalignment and ocular
rotation when scrutinizing WF-OCTA images. The
software, renowned for its ability to automatically align
andmerge retinal images, offers a platform for compar-
ing various modalities, such as fluorescein angiogra-
phy and fundus photography, and is often employed
to create seamless multi-image mosaics.27 In our study,
we harnessed the i2k Retina Pro for image registration,
effectively rectifying the head and eye position discrep-
ancies inWF-OCTA images. Although the algorithm is
held by DualAlign as a trade secret, no differences were
detected between the two images after image processing
in healthy eyes. Moreover, in RRD eyes, morphologic
changes were observed in B-scan images at all locations
where retinal vessel tortuosity changes were detected in
overlaid OCTA images. Fractal analysis can be used to
recognize retinal vessels, and it may help detect retinal
vessel tortuosity change. We used the i2k Retina Pro
in this study,28 and the comparison of the accuracy
between our method and other techniques such as
fractal analysis remains a future challenge. Given the
precision achieved in both healthy and RRD eyes, this
image-processing software has the potential to track
temporal changes.

The limitations of our study include its retrospec-
tive design and relatively small sample size. Further
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research with larger sample sizes and prospective
study designs is imperative to validate these findings
and to explore the potential clinical applications of
WF-OCTA and WF-OCT in RRD management. We
included only cases where clear OCTA images could
be obtained at both 1 month and 2 months postop-
eratively. This implies that we excluded cases requir-
ing reoperation within 2 months after surgery, cases
where follow-up was interrupted within 2 months after
surgery, and cases where OCTA imaging could not be
obtained due to poor visual acuity. Another constraint
of our study was the limited field of view in OCT
imaging, especially for peripheral visualization. Under-
standing changes in the periphery, including the poste-
rior edge of the scleral buckles, is crucial. However,
owing to the limited field of view of WF-OCTobtained
from the patient’s frontal perspective in this study, our
evaluation of the periphery was insufficient. Recog-
nizing this limitation underscores the importance of
future investigations employing imaging modalities
that offer an expanded field of view. Furthermore,
the detailed algorithm of i2k Retina Pro is unknown,
raising the possibility of overestimation or under-
estimation of retinal vessel tortuosity changes after
image processing. However, we also observed changes
in retinal thickness and believe that significant changes
were not overlooked.

In summary, our study provides valuable insights
into the utility of WF-OCTA andWF-OCT for assess-
ing changes in retinal vessel tortuosity and retinal thick-
ness in patients with RRD. These imaging techniques
provide a valuable means of identifying the roots of
retinal complications and offer pertinent information
for clinical management.
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