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PURPOSE. To compare postvitrectomy retinal and choroidal vessel density (VD) and reti-
nal layer thickness between eyes with macula-off and macula-on rhegmatogenous retinal
detachment (RRD) using swept-source optical coherence tomography (SS-OCT) and opti-
cal coherence tomography angiography (OCTA) and to identify OCTA factors associated
with visual outcomes.

METHODS. We retrospectively reviewed 31 eyes that underwent pars plana vitrectomy
for primary RRD. Eyes with macula-off and macula-on RRD were compared with healthy
fellow eyes. Both OCT and OCTA were performed 6 months after surgery, and the macula-
off RRD group was divided into two subgroups according to the presence of an outer
retinal defect. The correlations between postoperative best-corrected visual acuity (BCVA)
at 6 months and SS-OCT and OCTA measurements were analyzed.

RESULTS. Twenty eyes with macula-off RRD and 11 eyes with macula-on RRD were
included. In the macula-off RRD group, the central retinal thickness was significantly
decreased 6 months postoperatively compared with the fellow eyes (228.9 ± 29.7 μm and
253.6 ± 27.7 μm, P = 0.009). In the outer retinal defect group, the choriocapillaris plexus
(CCP) VD was significantly decreased compared with the fellow eyes (56.4% ± 4.8% and
60.2% ± 4.0%, P = 0.026). In the macula-off RRD group, the postoperative BCVA at 6
months correlated significantly with the ratio of the center CCP VD of the detached eyes
to that of the fellow eyes (R2 = 0.207, P = 0.025).

CONCLUSIONS. The CCP VD could be related to the anatomical restoration of the outer
retinal layer in macula-off RRD. The CCP VD as determined by OCTA could be an indicator
of the visual outcome after surgery in macula-off RRD.

Keywords: rhegmatogenous retinal detachment, optical coherence tomography angiog-
raphy, retinal vessel density, swept-source optical coherence tomography

Rhegmatogenous retinal detachment (RRD) is the sepa-
ration of the neurosensory retina from the underly-

ing retinal pigment epithelium (RPE) with subretinal fluid
accumulation, accompanied by a break (or breaks) in the
retina. It often causes severe visual loss when it involves the
macula.1 To reattach the detached retina and prevent further
detachment, various treatments can be performed, including
vitrectomy, scleral buckling, a combination of the two, pneu-
matic retinopexy, laser coagulation, or cryocoagulation.2,3

However, even after successful anatomic reattachment, the
functional results show a wide range of visual outcomes.
Poor visual acuity, permanent functional damage, persis-
tent metamorphopsia, and color vision defects can remain
after surgery, especially in cases with macular involve-
ment.4,5 Factors that affect the visual outcomes of macula-
off RRD include preoperative visual acuity, age of patient,
duration of detachment, extent of detachment, degree of
proliferative vitreoretinopathy, and concomitant preopera-
tive choroidal detachment, along with other ophthalmologic
conditions such as preretinal membrane formation, vitre-

ous membranes, macular cysts or holes, senile cataracts, or
history of glaucoma.5–8

In some optical coherence tomography (OCT) studies,
microstructures, such as the preoperative ellipsoid zone
(EZ)/external limiting membrane (ELM) integrity or back-
reflection integrity, postoperative EZ/ELM integrity, cone
interdigitation zone (CIZ), or foveal bulge, were reported
as prognostic factors after macula-off RRD surgery.9–11

Kobayashi et al.11 reported that the degree of restoration of
the outer retinal layers at the fovea is important in predicting
the final best corrected visual acuity (BCVA). Recently, Woo
et al.12 used optical coherence tomography angiography
(OCTA) and reported an association between the deep foveal
avascular zone (FAZ) area and final BCVA after macula-
off RRD surgery. However, insufficient data are available to
clearly delineate the relationship between visual outcomes
after macula-off RRD surgery and retinal vessel density (VD)
measured using OCTA or inner retinal thickness.

Therefore, the aim of this study was to analyze the
postvitrectomy retinal thickness and VD of each layer in eyes
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with macula-off and macula-on RRD using swept-source
OCT (SS-OCT) and OCTA and to find OCTA factors related
to postoperative visual outcomes.

METHODS

This retrospective study was approved by the Institutional
Review Board (IRB) of Hanyang University Guri Hospital,
Gyunggi-do, Korea, and all research conducted adhered to
the tenets of the Declaration of Helsinki (IRB no. 2018-07-
018). The IRB waived the need for consent, and data were
accessed anonymously.

Patients who had been diagnosed with primary recent-
onset RRD and surgically treated for RRD between January 1,
2016, and December 31, 2017, in the Department of Ophthal-
mology of Hanyang University Guri Hospital were reviewed.
Thirty eyes in 30 patients who were successfully repaired
with a single, uncomplicated surgical procedure (pars plana
vitrectomy with C3F8 gas [14%] tamponade) and who under-
went ophthalmic examinations, including SS-OCT and OCTA
both preoperatively and 6 months postoperatively, were
included in this study. In eyes with cataracts, phacoemul-
sification and intraocular lens implantation were performed
at the time of the vitrectomy. All surgeries were performed
by two retinal surgeons (YUS and HC).

Patients with a high refractive error (spherical equiva-
lent more than ±6), high myopia (axial length ≥26.0 mm),
axial length difference more than 0.3 mm between the
eyes, other concomitant ocular diseases (diabetic retinopa-
thy, glaucoma, age-related macular degeneration, uveitis,
retinal vascular disease, or epiretinal membrane in either
eye), postoperative complications (re-detachment, prolifera-
tive vitreoretinopathy, or vitreous hemorrhage), prior vitreo-
retinal surgery, or prior retinal detachment in either eye were
excluded. Patients were also excluded if the fellow eye did
not undergo SS-OCT and OCTA or if the SS-OCT and OCTA
measurements showed poor scan quality (an image quality
score lower than 45), measurement errors (such as segmen-
tation error, centering error, or fixation error), or artifacts
(defocus, blink lines, or motion artifacts).

All patients underwent a complete ophthalmic examina-
tion, including BCVA (the Snellen visual acuity with refrac-
tion), intraocular pressure (Goldman applanation tonom-
etry), slit-lamp biomicroscopy, fundoscopy, SS-OCT, and
OCTA, along with a complete medical history. All evalua-
tions were repeated 6 months postoperatively.

We defined patients with an RRD not involving the fovea
as the macula-on RRD group and those with an RRD with
foveal detachment as the macula-off RRD group, which was
further divided into two groups: an outer retinal defect
group, if the SS-OCT 6 months postoperatively showed
defects in the outer retinal layer (ELM, EZ, or CIZ defect
on subfovea), and an intact outer retina group otherwise.
Measurements made in the unaffected fellow eye were used
as control data.

SS-OCT and OCTA Imaging

All patients underwent imaging with SS-OCT and OCTA (DRI
OCT Triton; Topcon Corporation, Tokyo, Japan). The SS-
OCT and OCTA images were interpreted using the image
viewer (IMAGEnet 6 Version 1.20.11109; Topcon Corpora-
tion). SS-OCT was performed by acquiring a 12-mm × 9-
mm three-dimensional-wide scan comprising 256 B-scans,

each of which comprised 512 A-scans (512 × 256 A-
scans, 512 A-scans for each of 256 B-scans). The total
retinal thickness, retinal nerve fiber layer (RNFL) thick-
ness, ganglion cell–inner plexiform layer (GC-IPL) thickness,
and choroidal thickness were automatically calculated using
auto-segmentation and manual error correction. In addition,
the central EZ-RPE thickness was measured manually as the
thickness between the EZ and RPE layers.

OCTA was performed by acquiring a 4.5-mm × 4.5-
mm macular cube, with each cube consisting of 320 clus-
ters of four repeated B-scans. Each B-scan was constructed
from 300 A-scans centered on the fovea. The scan size
of 4.5 × 4.5 mm was derived from the calculation of
the linear distance on the surface of the retina by using
a defined axial length set by the OCT device manufac-
turer. For DRI OCT Triton (Topcon Corporation), this length
was 24.39 mm. Therefore, the actual linear dimensions of
the image may vary in proportion to the axial length. To
avoid potential errors according to the axial length, we
adjusted the scale of the OCTA images by using a previ-
ously introduced formula13,14: [Dt

2/Dm
2 = 0.00196 (AL –

1.82)2], where Dt is the true diameter on the fundus, Dm

is the measured OCTA image diameter, and AL is the axial
length. Thereafter, using ImageJ version 1.8.0 (National Insti-
tutes of Health, Bethesda, MD, USA), the calculated Dt

was assigned to the true image size. The VD ([total vessel
area]/[total measured area] %) of the superficial retinal capil-
lary plexus (SCP) and deep retinal capillary plexus (DCP)
was measured in two regions: the central region 1 mm in
diameter centered on the foveal center and the parafoveal
region of a circular annulus region between 1 and 3 mm
in diameter (the average of the superior, temporal, infe-
rior, and nasal subfields) (Figs. 1–3). In the choriocapillaris
plexus (CCP), we used postprocessing to compensate for
choriocapillaris signal attenuation due to structural changes
in the RPE/basement membrane complex by using the en
face structural CCP image and the en face flow CCP image,
as described by Zhang et al.15 Using the compensated CCP
image, we performed automatic local thresholding to obvi-
ate small regional variations, as described by Spaide16 using
ImageJ. Thereafter, using this thresholded binarized CCP
image, the percentage of flow deficits (FD%, the percent-
age of flow deficit areas in each analyzed area) in each
of the central and parafoveal regions was calculated using
ImageJ. Using FD%, we calculated the VD of CCP. The FAZ
area was defined as the area inside the central border of
the capillary network. The superficial FAZ area was deter-
mined by manually outlining the inner border of the foveal
capillaries using OCTA system software and then automati-
cally calculated. Manual error correction, manual thickness
measurement, and manual outlining of the FAZ were all
done by two independent investigators (EHH and DRK),
who were blinded to the group assignment, and the aver-
age of the two measurements was used in the analyses. To
investigate the correlation between OCTA parameters and
postoperative BCVA, we used the retinal detachment (RD)/
fellow (F) ratio, defined as the ratio between the measure-
ments in the RD eye and those in the fellow eye (e.g., center
CCPRD/F ratio = center CCP VD in the RD eye/center CCP
VD in the fellow eye).

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp., Armonk,
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FIGURE 1. A representative case of a 60-year-old male patient with
macula-off RRD in his left eye. (A) Preoperative fundus image
shows inferior bullous macula-off RRD. The preoperative BCVA
was 20/333. (B) Six months postoperatively, the fovea was attached
successfully, but the postoperative BCVA was 20/50. (C, D) SS-OCT
images show disruption of the CIZ and EZ in the affected eye (D1),
compared with the fellow eye (C1). C2-4 and D2-4 show topographic
measurements of the VD in the SCP, DCP, and CCP. The measured
areas are the central region of 1 mm in diameter centered on the
foveal center and the parafoveal region of a circular annulus region
between 1 and 3 mm in diameter. The central CCP VD is decreased
to 47.3 in the affected eye (D4), compared with 60.9 in the fellow
eye (C4). The center CCPRD/F ratio (= center CCP VD in the RD
eye/center CCP VD in the fellow eye) is 0.78.

NY, USA). Continuous variables are presented as mean
values ± standard deviations (SDs). Interobserver agreement
between the two independent investigators was evaluated
using intraclass correlation coefficients (ICCs). The Wilcoxon
signed rank test was used to compare differences between
the RD eyes and their unaffected fellow eyes in each group.
The Mann-Whitney U test and Pearson chi-square test were
used to compare differences between two groups (macula-
on RRD versus macula-off RRD, outer retinal defect versus
intact outer retina). Spearman’s rank correlation analyses
were used to examine the relationships between OCT and
OCTA measurements and postoperative BCVA. Univariate
and multivariate regression analyses were used to find the
OCTA parameters most associated with postoperative BCVA
in the macula-off RRD group. Statistical significance was
defined as P < 0.05.

FIGURE 2. A representative case of a 69-year-old female patient with
macula-off RRD in her right eye. (A) Preoperative fundus image
shows inferotemporal bullous macula-off RRD. The preoperative
BCVA was 20/1000. (B) Six months postoperatively, the fovea was
attached successfully, but the postoperative BCVA was 20/32. (C,D)
SS-OCT images show intact outer retinal layer in both the affected
eye (D1) and the fellow eye (C1). C2-4 and D2-4 show topographic
measurements of the VD in the SCP, DCP, and CCP. The measured
areas are the central region of 1 mm in diameter centered on the
foveal center and the parafoveal region of a circular annulus region
between 1 and 3 mm in diameter. The central CCP VD is 63.8 in
the affected eye (D4) and 66.4 in the fellow eye (C4). The center
CCPRD/F ratio (= center CCP VD in the RD eye/center CCP VD in
the fellow eye) is 0.96.

RESULTS

A total of 31 patients (23 men, 8 women) with a mean age
of 53.3 ± 14.4 years were included in this study. Eleven eyes
had a macula-on RRD, and 20 eyes had a macula-off RRD,
of which 11 eyes were in the outer retinal defect group,
and 9 eyes were in the intact outer retina group. Figures 1
to 3 show representative cases from the outer retinal defect,
intact outer retina groups, and macula-on RRD, respec-
tively. The mean onset duration from initial symptoms was
7.2 ± 6.1 days. Baseline patient demographic parameters
and ocular characteristics are summarized in Table 1. The
preoperative and postoperative BCVA (logarithm of the mini-
mum angle of resolution [logMAR]) was significantly better
in the macula-on RRD group than in the macula-off RRD
group (1.02 ± 0.76 and 1.45 ± 0.57, P < 0.001; 0.26 ± 0.28
and 0.33 ± 0.30, P = 0.029, respectively) (Table 1). The
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TABLE 1. Baseline Demographic and Ocular Characteristics in Eyes With a Macula-On or Macula-Off Rhegmatogenous Retinal Detachment

Macular-Off RRD

Characteristic

Macula-On
RRD

(n = 11)

Macula-Off
RRD

(n = 20) P*

Outer Retinal
Defect

(n = 11)

Intact Outer
Retina
(n = 9) P†

Age (y) 53.1 ± 10.9 53.4 ± 16.3 0.730 60.4 ± 11.4 45.8 ± 19.4 0.056
Sex (male/female) 9/2 14/6 0.472§ 8/3 6/3 0.769‡

Axial length (mm) 25.8 ± 2.3 25.3 ± 2.5 0.699 24.5 ± 1.60 26.4 ± 3.05 0.201
Preoperative BCVA
(logMAR)

0.24 ± 0.33 1.45 ± 0.57 <0.001 1.34 ± 0.55 1.58 ± 0.59 0.295

(Snellen) 20/30 20/250 20/222 20/286
Postoperative BCVA
(logMAR)

0.14 ± 0.18 0.33 ± 0.30 0.029 0.45 ± 0.34 0.17 ± 0.14 0.038

(Snellen) 20/25 20/36 20/45 20/29
Onset duration
(days)

6.4 ± 5.5 7.7 ± 6.5 0.670 8.7 ± 7.6 6.3 ± 4.8 0.824

Central retinal
thickness (μm)

270.0 ± 35.8 228.9 ± 29.7 0.001 212.1 ± 27.4 240.7 ± 27.3 0.201

Postoperative BCVA and central retinal thickness were measured 6 months postoperatively.
Data are presented as mean ± standard deviation for continuous variables.
* Mann-Whitney U test, macula-on RRD versus macula-off RRD;
† Mann-Whitney U test, outer retinal defect versus intact outer retinal defect.
‡ Pearson chi-square test.

postoperative BCVA (logMAR) was better in the intact
outer retina group than in the outer retinal defect group
(0.17 ± 0.14 and 0.45 ± 0.34, P = 0.038; Table 1). The
ICCs for the FAZ area measurements and all OCT and OCTA
parameters were greater than 0.8, indicating good agree-
ment.

Table 2 compares the retinal thickness parameters in the
RD eyes 6 months postoperatively with those of the fellow
eyes in the macula-on RRD, macula-off RRD, outer retinal
defect, and intact outer retinal groups. Six months postoper-
atively, the central retinal thickness was significantly thinner
in the detached eyes than in the fellow eyes in the macula-
off RRD and outer retinal defect groups (macula-off RRD,
228.9 ± 29.7 and 253.6 ± 27.7, P= 0.009; outer retinal defect
group, 219.2 ± 29.1 and 254.4 ± 35.5, P = 0.016). The RNFL
thickness, GC-IPL thickness, and choroidal thickness in the
macula-on and macula-off RRD eyes did not differ signifi-
cantly from that of the fellow eyes. The EZ-RPE thickness
was significantly thinner in the detached eyes than in the
fellow eyes in the macula-off RRD group, and it was thin-
ner in the outer retinal defect group than in the intact outer
retinal defect group.

Table 3 compares the VD parameters in the RD eyes 6
months postoperatively with those of the fellow eyes in the
macula-on RRD, macula-off RRD, outer retinal defect, and
intact outer retinal groups. Six months postoperatively, the
center CCP VD was markedly decreased in the detached eyes
compared with the fellow eyes in the outer retinal defect
group (56.4% ± 4.8% and 60.2% ± 4.0%, P = 0.026). The SCP
and DCP VD in the detached eyes did not differ significantly
from those in the fellow eyes in any of the groups.

Correlation analyses were performed to further evalu-
ate which OCT and OCTA parameters correlated with post-
operative BCVA in the macula-off RRD group (Table 4).
Among the parameters, only the center CCPRD/F ratio showed
significant correlation with postoperative BCVA (R = –0.551,
P = 0.012; Figure 4). The univariate regression analysis also
showed that only the center CCPRD/F ratio was significantly

associated with postoperative BCVA (R2 = 0.207, P = 0.025).
A stepwise multivariate regression analysis including age,
sex, onset duration, and OCT and OCTA parameters showed
that the parameter most associated with postoperative BCVA
was the center CCPRD/F ratio (standardized B = –0.499; B =
–1.131; P = 0.025).

DISCUSSION

In the present study, we compared the retinal thickness of
each layer and the retinal and choroidal vessel density of
eyes with macula-off RRD with those of eyes with macula-
on RRD and found that the postoperative subfoveal vessel
density of the choriocapillaris correlated significantly with
visual outcomes in macula-off RRD. This is the first study to
use OCTA VD measurements to investigate visual prognostic
factors after RRD surgery.

Several previous studies have reported the recovery of
outer retinal thickness and photoreceptors over time after
retinal detachment surgery in macula-off RRD.10,11,17 Ra
et al.17 used electroretinography and OCT to report a long-
term increase in cone density and outer retinal layer thick-
ness after buckling surgery for RRD. They divided EZ-
RPE thickness into EZ-CIZ thickness and CIZ-RPE thick-
ness and showed an increase in both of them 12 months
postoperatively compared with 6 months postoperatively.
Park et al.10 revealed an increase in outer segment (OS)
length and a decrease in the inner segment/OS length ratio
from 1 month to 6 months after reattachment. They also
showed that the OS length ratio between the RD eye and its
fellow eye correlated well with postoperative visual acuity
after surgery. Kobayashi et al.11 demonstrated that restora-
tion of the outer retinal layers/bands at the fovea occurs
following macula-off RRD repair, and the reappearance of
a foveal bulge correlated significantly with postoperative
visual acuity. Eyes with complete restoration of outer reti-
nal layers, including the foveal bulge, showed better visual
outcomes than eyes with partial restoration. In the present
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FIGURE 3. A representative case of a 60-year-old female patient with
macula-on RRD in her right eye. (A) Preoperative fundus image
shows inferotemporal macula-on RRD. The preoperative BCVA was
20/20. (B) Six months postoperatively, the fovea was attached
successfully, but the postoperative BCVA was 20/20. (C, D) SS-OCT
images show intact outer retinal layer in both the affected eye (D1)
and the fellow eye (C1). C2-4 and D2-4 show topographic measure-
ments of the VD in the SCP, DCP, and CCP. The measured areas are
the central region of 1 mm in diameter centered on the foveal center
and the parafoveal region of a circular annulus region between 1
and 3 mm in diameter. The central CCP VD is 59.2 in the affected
eye (D4) and 55.4 in the fellow eye (C4). The center CCPRD/F ratio
(= center CCP VD in the RD eye/center CCP VD in the fellow eye)
is 1.07.

study, we compared macular-off RD eyes according to their
recovery of the outer retinal layer after reattachment. Consis-
tent with previous studies, total retina thickness and EZ-RPE
thickness decreased after surgery in the macula-off RD eyes
compared with the fellow eyes.

Previous studies have reported changes in the inner
retinal thickness after macula-off RRD surgery.17–20 Menke
et al.18 reported that the GC-IPL thickness decreased over
time after surgery, which was supported by the study by
Faude et al.19 that showed a loss of ganglion cell axons
and considerable ganglion cell death, particularly in the
detached retina. In contrast, Ra et al.17 reported that the
thickness of the inner retinal layer did not differ significantly
between RD eyes and fellow eyes after surgery. We also
found that the RNFL and GC-IPL thickness in the RD eyes
did not differ significantly from those in the fellow eyes after
reattachment. In the experimental study by Guerin et al.,20

TABLE 4. Spearman’s Rank Correlation of OCT and OCTA Param-
eters (RD/F ratio) and Postoperative Best-Corrected Visual Acuity
(logMAR) in Macula-Off RRD Group

Characteristic Center Parafovea

OCTA RD/F ratio
VD
SCP VD –0.244 (P = 0.301) 0.095 (P = 0.690)
DCP VD 0.175 (P = 0.460) –0.167 (P = 0.480)
CCP VD –0.551 (P = 0.012) –0.163 (P = 0.491)

FAZ –0.195 (P = 0.410)
OCT RD/F ratio
Thickness
Total retina –0.147 (P = 0.536) –0.144 (P = 0.545)
RNFL –0.405 (P = 0.076) –0.292 (P = 0.212)
GC-IPL –0.271 (P = 0.249) –0.163 (P = 0.492)
Choroid 0.095 (P = 0.691) –0.014 (P = 0.952)

EZ-RPE –0.304 (P = 0.193)

RD/F ratio is the ratio between the measurements in the RD
eye and the fellow eye. P values derived using Spearman’s rank
correlation analysis.

FIGURE 4. Correlation between postoperative BCVA and center
CCPRD/F in macula-off retinal detachment. The curved lines indi-
cate the 95% confidence interval of the linear regression line. Center
CCPRD/F ratio = center CCP vessel density in the RD eye/center CCP
vessel density in the fellow eye.

the inner segment remained intact during 7 days of retinal
detachment. Therefore, our results were probably due to the
short onset duration of macula-off RRD before surgery.

Recently, a few studies of postoperative change in RRD
have used OCTA to consider the FAZ area.12,21 Woo et al.12

showed that both the superficial and deep FAZ areas corre-
lated negatively with BCVA in the first 2 months after RRD
repair in macula-off RRD patients, and the deep FAZ area
in macula-off RD eyes was larger than in macula-on RRD.
They suggested that the DCP might be vulnerable to tissue
hypoxia, and the increase in deep FAZ area might indicate
the severity of macular ischemia. On the other hand, Sato
et al.21 reported that the superficial and deep FAZ area had
no correlation with postoperative BCVA at 1, 3, and 6 months
after vitrectomy in macula-off RRD. In the present study, the
superficial FAZ area in macula-off RRD 6 months after RRD
repair did not differ significantly from that in the fellow eye,
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and we found no correlation with postoperative BCVA, as
Sato et al.21 reported.

Our results imply that the recovery state of the outer
retinal layer after surgery is associated with the postop-
erative VD of the subfoveal choriocapillaris, which corre-
lates well with visual outcomes. In the intact outer retina
group, the center CCP VD of the RD eye did not differ
from that of the fellow eye. However, in the outer retinal
defect group, the center CCP VD of the RD eye was signif-
icantly lower than that of the fellow eye. The blood supply
to the retina differs between the outer retina and the inner
retina. The RPE, photoreceptor layer, ELM, and outer nuclear
layer (ONL) layer are supplied by choriocapillaris, whereas
the outer plexiform layer is supplied by the central retinal
artery and partially by choriocapillaris, forming the DCP. The
inner retina is supplied by the central retinal artery, form-
ing the SCP.22 Thus, well-preserved CCP blood flow could
result in the restoration of the outer retina. The association
between CCP blood flow and the outer retinal layer has been
reported in some diseases related to choroidopathy.23–25 One
of these studies reported greater areas of flow voids in the
CCP layer beneath the area of disrupted photoreceptors than
in the CCP layer beneath the area of intact photoreceptors in
ischemic macuolopathy.25 Although the causal relationship
between decreased CCP blood flow and the defect of the
photoreceptor layer in macula-off RRD could not be eluci-
dated in this retrospective study, studies have shown that
the subretinal fluid (SRF) contains inflammatory cytokines
and other factors that contribute to triggering and enhanc-
ing the inflammatory and immune responses.26,27 The blood-
retina barrier may also get damaged during RD, similar to
the RPE cells,28,29 and vasoconstrictors, such as endothelin,
are known to be present in the SRF.30,31 Taken together, we
could hypothesize that, after RRD occurred, the detached
neurosensory retina might be damaged by inflammatory
cytokines in the SRF, and CCP blood flow might be impaired
because of such cytokines. After successful attachment, the
well-recovered CCP blood flowmay influence the restoration
of the outer retinal layer; alternatively, the poorly recovered
CCP blood flow may influence the permanent impairment
or slow recovery of the outer retinal layer. As mentioned
above, we could not prove this hypothesis in this retrospec-
tive study. However, Wang et al.32 also reported decreased
CCP VD at 2 weeks postoperatively, which gradually recov-
ered until 8 weeks postoperatively.

We further evaluated the correlation between the OCT
and OCTA parameters and postoperative visual acuity and
found that center CCP VD ratio correlated well with postop-
erative visual acuity. However, our results should be inter-
preted with caution. Contrary to other studies that reported
the correlation between postoperative visual acuity and the
integrity of outer retinal layer,9–11,17,33 the EZ-RPE thickness
(a parameter related to the outer retinal layer status used in
this study) was not a significant contributing factor. Based
on the results shown in Table 1, the EZ-RPE thickness was
decreased in the RRD eyes compared with fellow eyes, both
in the outer-retinal-defect group and the intact-outer-retina
group. This suggests that the EZ-RPE thickness alone does
not sufficiently reflect the integrity of the outer retinal layer.
Previously, other parameters, such as the ELM-EZ thick-
ness,33 the ELM-RPE thickness,33 the EZ-CIZ thickness,17 the
CIZ-RPE thickness,17 or the inner segment/outer segment
ratio,10 have been used to reflect the status of the outer reti-
nal layer. Our limitation was that we used only the EZ-RPE
thickness as an OCT parameter to establish the outer reti-

nal status. Further analyses, which include the other outer
retinal layer parameters with larger samples, may assist in
establishing a stronger relationship. The result here regard-
ing the OCTA parameter is partially consistent with the find-
ings of a recent report by Wang et al.,32 which showed that
parafoveal SCP VD, DCP VD, and CCP VD increased over
time (from 2 to 12 weeks) in eyes with macula-off RRD after
successful pars plana vitrectomy (PPV), and the final BCVA
was positively associated with CCP VD. The difference is that
we analyzed both the parafoveal and central VDs at 6 months
after PPV in this study, whereas Wang et al.32 analyzed only
parafoveal VD up to 12 weeks after PPV, and they did not
investigate central VD. Taken together, we could hypothesize
that in some patients with macula-off RRD whose subfoveal
CCP blood flow does not normalize to the level before the
RRD even after successful reattachment for some reasons,
the restoration of the outer retina is also disrupted and the
final visual outcome is poorer than that of patients whose
subfoveal CCP blood flow is well normalized. This is the first
study to show a possible relationship between outer retinal
restoration, the central VD of the choriocapillaris, and visual
prognosis in macula-off RD eyes after vitrectomy.

This study has several limitations. First, it was retrospec-
tive and had a relatively small sample size, which could have
resulted in an insufficient number of patients for adequate
analysis. However, recent OCT and OCTA studies on RRD
also used similar sample sizes. Recently,Wang et al.32 studied
14 eyes with macular-off RRD to investigate OCTA param-
eters to predict postoperative visual outcomes in macular-
off RRD. Woo et al.32 included 34 eyes with RRD, wherein
19 eyes had macula-off RRD,12 and Sato et al.21 enrolled
22 eyes with macula-off RRD to investigate the correla-
tion between FAZ area and visual outcome. Therefore, this
study, despite its small sample size, is still worth compar-
ing with other studies. Second, we did not include cases
of chronic retinal detachment. A longer duration of detach-
ment is known to correlate with less visual acuity, so it
might also affect the restoration of outer retinal structures.
Third, we included only patients who received vitrectomy
with intravitreal C3F8 (14%) gas tamponade. Further studies
including cases of successful reattachment via other surgi-
cal procedures, including PPV with silicone oil tampon-
ade or scleral buckling surgery, are needed to compare the
results according to the surgical procedures. Fourth, segmen-
tation errors and artifacts might exist in the OCT and OCTA
images even though we excluded cases with poor quality.
However, the SS-OCTA used in this study has the longest
wavelength, which means that using it could be an advan-
tage in obtaining quantitative data about deeper layers such
as the CCP VD, an important parameter in this study. A
previous report showed that the SS-OCTA used in this study
resulted in fewer projection artifacts than did other OCTAs
based on spectral-domain OCT because of its swept-source
light source.34 We also performed manual error correction
as much as possible to reduce segmentation errors. In addi-
tion, although we used postprocessing on CCP images to
reduce projection artifacts, these could still affect the CCP
VD measurements. Currently, no “gold-standard” method is
available to completely solve this problem in OCTA assess-
ments. However, most projection artifacts were observed
outside the central and parafoveal areas. Usually, no vessels
are present in the central foveal area (FAZ area). Therefore,
the VD of the central subfield area in the choriocapillaris
layer is less affected by projection artifacts. Fifth, because it
is a retrospective review, we could not evaluate the repeata-
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bility of the OCT and OCTA measurements. Finally, we do
not have OCT and OCTA measurements prior to the RRD, so
we could not compare the retinal thickness and VD before
the RRD and after the surgery. Instead, we used measure-
ments from the fellow eyes as the control.

In conclusion, the results of this study suggest that the
CCP VD is related to anatomical and functional restoration
of the outer retinal layer in macula-off RRD. The subfoveal
CCP VD ratio can be considered an OCTA marker that
shows good correlation with visual outcomes after surgery
for macula-off RRD.
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