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Background: Visual recovery following macula involving rhegmatogenous retinal detach-
ment remains poorly understood. The aim of this work is to correlate the functional and the
anatomical changes in retinal vasculature in the foveal avascular zone using optical coher-
ence tomography angiography (OCTA) after successful retinal reattachment repair and
correlate this data with retinal thickness and post-operative visual recovery.

Methods: A prospective, comparative observational study of 28 eyes of 14 patients with 14
eyes undergoing macula off retinal detachment repair with pars plana vitrectomy, endo-laser
and silicone oil-based tamponade compared with 14 fellow healthy eyes at 1, 6 and 12 weeks
post-operative period. The study was conducted at the Research Institute of Ophthalmology,
Giza, Egypt between February 2018 and August 2018.

Results: The foveal avascular zone (FAZ) area in the patients group was not significantly
different compared to the control group and was found to be negatively correlated with the
central retinal thickness in both the study and control group. The superficial capillary plexus
(SCP) area at the FAZ was significantly larger than the deep capillary plexus (DCP) area at
the FAZ in both the study and control group over the follow-up period. The DCP area at the
FAZ was significantly larger at the 3rd follow-up than the 1st follow-up. The SCP FAZ area
was significantly larger than the DCP FAZ area in both the study and control group over the
follow-up period. BCVA was found to be negatively correlated to the retinal thickness of the
temporal 3 mm paracentral quadrant with no correlation with central foveal thickness (CFT)
and the FAZ area.

Conclusion: Optical coherence tomography (OCT) and OCTA are valuable noninvasive
imaging tools to monitor and predict the structural changes at the foveal avascular zone
during the recovery phase after successful retinal reattachment involving macula.
Keywords: optical coherence tomography, OCT, optical coherence tomography
angiography, OCTA, foveal avascular zone, FAZ, superficial capillary plexus, SCP, deep
capillary plexus, DCP, central foveal thickness, CFT

Introduction

Visual impairment after successful retinal surgery has been extensively studied,
several factors have been attributed to the final visual outcomes like the macular
status, duration and height of macular detachment and the pre-operative visual
acuity. Post-operative development of cystoid macular edema (CME) and epiretinal
membranes (ERM) are well known causes of secondary visual impairment.' The
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primary success rates for rhegmatogenous retinal detach-
ment (RRD) repair by pars plana vitrectomy (PPV) has
been reported to range from 64% to 96%.>* Metanalysis
and prospective randomized controlled studies have shown
the superiority of PPV techniques over classic scleral
surgery in the treatment of primary RRD.””’

Over the past few decades, advancing imaging tech-
nologies incorporating optical coherence tomography have
revolutionized our understanding of retinal layers and his-
tological changes in detached retinas and following retinal
detachment repair.®° Wolfensberger et al applied optical
coherence tomography (OCT) to study the discrepancy
between successful anatomical retina reattachment and
incomplete visual recovery.'® Other reports have also
shown that incomplete post-operative visual recovery is
not relatively uncommon despite clinically successful ret-
inal reattachment.'" A number of studies utilizing OCT
found that residual sub-foveal fluid and distortion of outer
retinal layers during the healing process are common
causes for delayed and incomplete visual recovery.”'?

Optical coherence tomography angiography (OCTA) is
a novel noninvasive imaging modality utilizing optical
coherence tomography based on the principle of motion
detection. It is capable of providing high resolution ima-
ging of retinal and choroidal blood flow.'> The human
retinal capillary network is composed of distinct layers
of vessels and capillaries including the superficial (inner),
and the deep (outer) vascular plexus (SCP and DCP
respectively).' Studies on the foveal avascular zone
(FAZ) utilizing the OCTA have demonstrated its correla-
tion with central retinal thickness (CRT) and visual acuity
in normal healthy population.'*

The aim of this work is to correlate the functional and
the anatomical changes in retinal vasculature in the foveal
avascular zone at SCP and DCP level using OCTA after
successful retinal reattachment repair and correlate this
data with post-operative visual recovery.

Methods

A prospective, comparative observational study of 28 eyes of
14 patients (14 eyes with macula off retinal detachment repair
and 14 fellow healthy eyes) attending the Ophthalmology
outpatient clinic at Research Institute of Ophthalmology,
Giza, Egypt between February 2018 to August 2018.

The study was approved as a prospective audit by the
local institutional review board at Research Institute of
Ophthalmology, Giza, Egypt and adhered to the Declaration
of Helsinki. All patients provided informed consent for the

enrolment in the study. All patients between the ages of 18 to
60 years and with primary macula-off thegmatogenous ret-
inal detachment were included in the study. Patients with
high axial myopia (axial length more than 28mm), pre-
existing macular pathology (e.g. age-related macular degen-
eration, vascular occlusive disease, primary macular hole or
associated with RRD, diabetic retinopathy), other ocular co
morbidities (e.g. uveitis, glaucoma, optic neuropathies), pre-
vious retinal surgery or laser, traumatic retinal detachment,
retinal detachment of more than 6 months duration, patients
with proliferative vitreoretinopathy grade (C) or worse, post-
operative traction changes caused by epiretinal membranes
and media opacity hindering OCTA imaging were excluded
from the study.

All patients underwent detailed history evaluation,
best-corrected vision (BCVA), axial length calculation
with A scan, and complete anterior and posterior segment
ocular examination in line with the exclusion criteria. Eyes
were then divided into two groups; the study group with
macula off retinal detachments underwent 23 gauge pars
plana vitrectomy (PPV) with endo-laser around the breaks
and silicone oil injection and a control group of normal
healthy fellow eyes of the studied subjects. All patients
underwent regular clinical follow-ups at 1, 6 and 12 weeks
post-operative with evaluation of BCVA, slit lamp biomi-
croscopy, intraocular pressure measurement and imaging
with spectral domain optical coherence tomography (SD-
OCT) and angiography (OCTA).

OCT and OCTA Protocol
All patients had (SD-OCT) and angiography (OCTA) of
the macula using Heidelberg engineering, OCT spectralis
(Germany) at 1, 6 and 12 weeks post-operative period. The
imaging protocols for “OCT2 module” used on SD-OCT
were macular radial; to detect the single point central
foveal thickness (SPCFT) and macular thickness map for
measurement of central foveal thickness (CFT) among all
retinal layers. CFT was measured automatically as the
central lmm sub-field thickness of the early treatment
diabetic retinopathy study (ETDRS) layout. Also the para-
central 3 mm of the ETDRS layout was measured in each
quadrant; nasal, superior, temporal and inferior. All these
measurements were calculated automatically by the soft-
ware and in cases where the software had difficulty recog-
nizing the landmarks, manual corrections were made.
OCTA of the superficial and deep capillary plexus were
captured and were distinctly evaluated using the automatic

layer segmentation done by the machine. A 3x3 mm?
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image centred on the macula was acquired using 256 x 256
A scan mode with a scan speed of 85,000 per second.
Images were processed using the HEYEX V 64
a software.

The SCP was segmented from inner limiting mem-
brane (ILM) to inner nuclear layer (INL), and the DCP
was segmented from the INL to outer plexiform layer
(OPL). The foveal avascular zone (FAZ) area was mea-
sured in both layers using software “Draw region” tool to
outline the FAZ area (inner border of the most visible
central blood capillaries) manually, the outlined area was
then automatically calculated by the software. This manual
measurement was done by two independent masked inves-
tigators. The average of their measurements were calcu-
lated and used to optimize the study results.

Statistical Analysis

Statistical Package for Social Science (IBM SPSS) version
23 was used for statistical analysis. The quantitative data
were presented as mean, standard deviations and ranges
when their distribution was found to be parametric. Also
qualitative variables were presented as number and per-
centages. The measurement of interobserver reliability of
FAZ area calculations were tested by using intraclass
correlation coefficients (ICCs). The comparison between
two independent groups with quantitative data and para-
metric distribution was done by using Independent z-test.
The comparison between more than two paired groups
with quantitative data and parametric distribution was
done by using a repeated measures ANOVA test followed
by post hoc analysis using a Bonferroni test. Spearman
correlation coefficients were used to assess the correlation
between two quantitative parameters in the same groups.
The confidence interval was set to 95% and the margin of
error accepted was set to 5%. A p value of <0.05 was
considered statistically significant.

Results
Fourteen eyes undergoing PPV, endo-laser and silicone oil-
based endotamponade were compared to the fourteen healthy
fellow eyes of the same patients (9 males, 5 females) as
controls between February 2018 to August 2018 at
Research Institute of Ophthalmology, Giza, Egypt. The
mean age of the patients 48.93 + 13.06 (range 18-60
years). The mean + SD time of retinal detachment before
surgery was 20.5 + 10.9 days (range 745 days).

BCVA (LogMar) showed a highly significant statistical
improvement over time in the study group compared to the

baseline stable control with mean LogMar of 1.02 + 0.22,
0.63 £0.28 and 0.51 + 0.24 at 1, 6 and 12 weeks follow-up
periods (p-value = 0.000).

The mean FAZ area in both the SCP and DCP in the
study group was not found to be statistically larger than
the control group during the follow-up period. The super-
ficial FAZ measurements through the follow-up were 0.4 +
0.18, 0.45 + 0.15 and 0.47 + 0.2, respectively (p value =
0.172). On the other hand, the deep FAZ measurements
through the follow-up were 0.29 + 0.13, 0.31 + 0.13 and
0.33 £+ 0.13, respectively, with a highly significant larger
deep FAZ area at the 3rd follow-up compared to the 1st
follow-up (with p value = 0.009). The interobserver
repeatability measurements of the FAZ area in both SCP
and DCP of the study and control groups were found to be
“good” for FAZ in SCP (ICC = 0.811 and 0.822) and in
DCP (ICC = 0.819 and 0.826) respectively. Figure 1 shows
the comparative analysis of FAZ at SCP and DCP levels
through the three follow-up time points in a single patient
from the study.

However, it was found that the SPCFT, subfield CFT
and paracentral 3 mm thickness in all quadrants and in all
three planes of all, inner and outer retinal layers to be
significantly thinner in the study group versus the control
group at all follow-up periods. Except no statistically sig-
nificant difference was found between study and control
group in the temporal quadrant in paracentral 3 mm
EDTRS layout in the second follow-up which was found
to be significantly thinner in the study group. During the
third follow-up this temporal quadrant showed no signifi-
cant difference between the study and control groups.
Table 1 shows the comparison of BCVA, OCT and
OCTA analysis of SCP and DCP and FAZ.

The percentage of change of the FAZ area (in both
SCP and DCP) and the percentage of change of the
central retinal thickness measurements (SPCFT and sub-
field CFT) over the follow-up period was found to have
no significant correlation (p-value > 0.05). At 1 week, it
was found that the superficial and deep FAZ area had
a statistically significant negative correlation with sub-
field CFT of all retinal layers (p-value < 0.01), inner
retinal layers (p-value < 0.01) and outer retinal layers
(p-value < 0.05). At 6 weeks, the superficial and deep
FAZ area had a statistically significant negative correla-
tion with only subfield CFT of all retinal layers (p-value
< 0.05 for SCP FAZ, p-value < 0.01 for DCP FAZ) and
inner retinal layers (p-value < 0.01) and no significant
correlation was found concerning the outer retinal layers
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Figure | Shows the FAZ area of one patient. (A) SCP of affected eye at |st follow-up, (B) DCP of affected eye at |st follow-up, (C) SCP of affected eye at 2nd follow-up, (D)
DCP of affected eye at 2nd follow-up, (E) SCP of affected eye at 3rd follow-up, (F) DCP of affected eye at 3rd follow-up. (Blue outline for SCP FAZ, yellow outline for DCP).

(p-value > 0.05). At 12 weeks, the deep FAZ area was
significantly negatively correlated with SPCFT (p-value
< 0.05). The superficial and deep FAZ area had
a statistically significant negative correlation with only
subfield CFT of all retinal layers (p-value < 0.01) and
inner retinal layers (p-value < 0.01) and no significant
correlation was found concerning the outer retinal layers
(p-value > 0.05). Figure 1 shows the detailed SCP and
DCP analysis and measurements of a single patient from
the study at three time points of follow-up period.
Figure 2 shows a detailed analysis of correlation of FAZ
area and central retinal thickness measurements at the
three follow-up periods.

Figure 3 summarizes the SCP and DCP changes in the
post-operative period in the study and control group.

It was found that the superficial and deep FAZ area in
controls had a statistically significant negative correlation
with only subfield CFT of all retinal layers (p-value < 0.05

for SCP FAZ, p-value < 0.01 for DCP FAZ) and inner retinal
layers (p-value < 0.01) and no significant correlation was
found concerning the outer retinal layers (p-value > 0.05).

No significant correlation was found between BCVA
(LogMar) and deep or the superficial FAZ area at any of
the three follow-up time points. On the other hand,
a negative significant correlation between BCVA
(LogMar) and only the thickness of the paracentral 3 mm
temporal quadrant in the ETDRS layout of all retinal
layers and inner retinal layers at the 1st and 3rd follow-
up (P-value = 0.044 and 0.050 and P-value = 0.037 and
0.037, respectively). Figure 3 summarizes the SCP and
DCP changes in the post-operative period in the study
and control group.

Table 2 summarizes the Spearman correlation coeffi-
cients between BCVA, time from detachment, percentage
change in SCP, DCP and SPCFT and retinal thickness with

SCP and DCP FAZ area changes.
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Table | Comparison of Best-Corrected Visual Acuity (BCVA) and Foveal Avascular Zone (FAZ) Area, Superficial Capillary Plexus
(SCP), Deep Capillary Plexus (DCP) and Single Point Central Foveal Thickness (SPCFT)

Functional and Structural Outcomes Ist Follow-Up 2nd Follow-Up 3rd Follow-Up P-value

BCVA (LogMar) Mean + SD 1.02 £ 0.22 0.63 £ 0.28 051 £0.24 0.000
Range 0.7-1.3 0.2-1 0.2-1

OCTA FAZ/mm’

SCP Mean + SD 04 +0.18 0.45 £ 0.15 047 £ 0.2 0.172
Range 0.13-0.68 0.15-0.71 0.12-0.71

DCP Mean + SD 0.29 £ 0.13 031 £0.13 033 +0.13 0.009
Range 0.06-0.46 0.07-0.49 0.07-0.52

OoCT

SPCFT/um Mean + SD 159.07 + 64.96 176.21 + 60.22 182.29 + 4551 0.014
Range 76-299 104-290 122-275

No significant correlation was found between the percen-
tage of change of BCVA and the percentage of change of the
FAZ area (superficial and deep) or the percentage of change
of any of the retinal thickness measurements (SPCFT, 1.3
ETDRS layout of the central retinal thickness of all retinal
layers, inner retinal layers and outer retinal layers) during the
follow-up period.

No significant correlation was found between duration
of retinal detachment and percentage of change of FAZ
area (superficial and deep) or the percentage of change of
any of the retinal thickness measurements described above
at any follow-up period.

Discussion
Rhegmatogenous retinal detachment (RRD) has been stu-
died as a progressive process involving cellular changes.
Histological studies have confirmed regeneration of photo-
receptor outer segments (OS) often in a disorganized fash-
jon following successful reattachment surgery.'> These
ultrastructural changes involving disruption of photorecep-
tor-retinal pigment epithelial (RPE) interface can persist
for several years explaining the correlation with poorer
visual outcomes.'®

The introduction of SD-OCT has enabled ophthalmol-
ogists to study the in vivo structural changes in the retinal
tissue affected by various pathologies. It has been used in
the past to monitor the recovery process on the ultrastruc-
tural level after successful retinal reattachment surgery.’
OCTA has been shown to be a noninvasive modality to
evaluate the microvasculature of the retina at superficial
and deep level.

The detached retina suffers from hypoxia at two levels,
primarily outer layers deprived from essential nutrients by
the sub-retinal fluid (SRF) escaping from breaks and caus-
ing retinal elevation. On the other hand, inner retinal
layers nourished by DCP may also suffer from relative
hypoxia as its perfusion pressure is lower, being derived
from venous collecting channels and due to its location in
the watershed area.'” Other vascular changes reported in
detached retina include vasopermeability due to increased
levels of inflammatory mediators like prostaglandins and
in SRF,
occlusion.'®?° The fovea has been reported to suffer

cytokines vasospasm and even vascular

a significant thinning after RRD, improving slowly and
not always completely following retinal reattachment.’'>

In the current study, we found that central retinal
thickness was significantly reduced in comparison to the
controls after reattachment surgery in macula-off RRD.
This significant thinning was found in the subfield CFT
of all, inner and outer retinal layers, and in the paracentral
3 mm 4 quadrants of all, inner and outer retinal layers.
Dell’Omo et al also confirmed foveal thinning 1 month
after successful reattachment of macula-off RRD but they
also demonstrated a later significant increase in central
foveal thickening comparable to healthy fellow eyes at
one year post-operative visit.” The early outer layer thin-
ning could be explained by cone cell bodies migration as
a response to RRD, while the subsequent increase in
thickness can be attributed to proliferation of muller cells
and photoreceptor recovery.'*> We did not find any sig-
nificant difference in the outer retinal layer's thickness
between the first and the third follow-up visit. However,
SPCEFT increased significantly (P < 0.05) and subfield CFT
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Figure 2 Correlation between FAZ area of SCP and DCP and subfield CFT of all retinal layers at the Ist follow-up (A, B) 2nd follow-up (C, D) and 3rd follow-up (E, F).

of all retinal layers and outer retinal layers also increased
significantly (P = 0.04 and P = 0.01, respectively). On the
other hand, Woo and Sato did not show any significant
change in CFT following macula off retinal reattachment

in the early post-operative period, up to 6 months.'”*

This study showed a significant increase in both BCVA
and retinal thickness over the follow-up period with no
correlation found between BCVA and retinal thickness
measurements except within the 3 mm paracentral tem-
poral quadrant in the ETDRS layout. This correlation was
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Figure 3 Comparison between SCP and DCP FAZ area/mm? of the patients group at the Ist follow-up (A), 2nd follow-up (B), 3rd follow-up (C) and controls (D).

found at the level of all and inner (not outer) retinal layers
at Ist and 3rd follow-up (r = —0.545; P < 0.05, r =—0.533;
P < 0.05 and r =0.560; P < 0.05, r = —0.562 P < 0.05,
respectively). However, no significant correlation was
found between the percentage of change (improvement)
of both BCVA and the retinal thickness. Dell’Omo et al,”
on the contrary, correlated BCVA with ellipsoid zone (EZ)-
RPE distance at 1 and 12 months after RD repair
(Pearson’s coefficient = —0.817, P < 0.01 and —0.582,
P = 0.003, respectively), and BCVA improvement with
the regeneration of outer retinal thickness. (Pearson =
—0.444; P = 0.03) over their follow-up.

Previous studies which implemented the use of OCTA
to study the normal vasculature have reported that the FAZ
area is larger in the DCP than in SCP.'*** Our study, on
the contrary, confirmed a larger FAZ area in SCP com-
pared to DCP in the studied group. There could be multi-
ple contributory factors to explain this finding as these
studies were performed on bigger study samples (70 and
170 respectively) and their mean ages were 42 (range:
12-76 years) and 22.5 (range: 21-30) respectively com-
pared to ours which was 22.5 (range: 21-30). Additionally,
different OCT devices and techniques for FAZ area calcu-
lation can also contribute to this difference.

OCTA-based studies confirm a significant negative
correlation of superficial and deep FAZ area with central
macular thickness (CMT) in normal population.'’**2
Our study noticed also that both superficial and deep
FAZ are negatively correlated with subfield CFT in both
study and control groups through the 3 follow-up time
points. On the contrary, Sato reported in his study that
only the superficial plexus at FAZ was negatively corre-
lated with the subfield CFT at Ist, 3rd and 6th months
after RRD repair but the deep FAZ had no significant
correlation with subfield CFT post-operatively at the
same follow-up intervals. He postulated this to be
a reaction to ischemic changes affecting the more vulner-
able DCP of the detached retina.”® Studies by Woo and
Suren et al reported that DCP FAZ area was larger post
RRD macula-off repair than that of the control group in
a smaller follow-up period of up to 2 months.'”*® Both
these studies, attributed the ischemic insult caused by
RRD affecting the DCP due to its vulnerable location at
the watershed zone. Although the ischemic theory may
indeed be explanatory, morphologic changes could also
play a major role. Dubis et al explored a relationship
between the FAZ and foveal excavation. He hypothesized
that size of the FAZ influences the degree of foveal exca-
vation which affects the compactness of outer cones and
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Table 2 Correlation Between Percentage Change in SCP, DCP,
SPCFT, BCVA, Duration of Detachment and These Changes
Corresponding to SCP and DCP FAZ Area/mm? Change

% Change BCVA
r P-value
SCP -0.136 | 0.642
DCP -0.278 | 0.336
SPCFT ym 0.170 0.560
% Change Time of
detachment/day
r P-value
BCVA 0.507 0.064
SCP —-0.395 | 0.162
DCP —0.081 | 0.784
SPCFT pm 0.214 0.463
% Change SCP FAZ areal/ DCP FAZ areal/
mm? change mm? change
r p-value | r p-value
SPCFT pm change —0.037 | 0.899 0.090 0.759
All retina central Imm/pm —0.387 | 0.171 -0.418 | 0.137
Inner retina central | mm/uym | —0.246 | 0.396 —0.288 | 0.318
Outer retina central | mm/um | —0.170 | 0.562 -0.370 | 0.193

therefore the visual function.?” The use of silicone oil as
a tamponade may affect the vascular integrity especially
of the DCP. This is proved by Lee et al where they
demonstrated progressive enlargement of the FAZ arca
which significantly correlated with the duration of
Silicone tamponade.®

Woo et al also confirmed a larger DCP FAZ is significantly
correlated with post-operative BCVA, especially in patients
with quite regular outer retinal bands. To the contrary, Sato
findings matched those of our study where no significant
correlation between the FAZ area and vision post-operatively
among the 3 follow-up periods was noted.?*. Although, BCVA
(LogMar) showed a significant improvement over the 3 fol-
low-up intervals in both studies, the discrepancy of correlation
between BCVA and FAZ area may be due to different number
of patients in each study and the different OCT devices used to
assess the FAZ area. Table 3 describes a comparison study
between this study and some recent literature on a similarly
treated group of RRD.*>!

This study has some limitations in its design related
due to the small sample size and shorter follow-up com-
pared to some previous studies. Use of silicone oil-based
tamponade in all cases may cause some imaging artifacts
and can affect post-operative vision. The BCVA assess-
ment in our study was performed with Snellen’s and later
on converted to LogMar which may contribute to
a discrepancy when comparing results with similar stu-
dies which used LogMar as the primary vision assessment
tool. Manual measurement of the FAZ area with the
possibility of interobserver variability could also be con-
sidered as a further limitation. Our study, like the rest of
OCTA studies concerned with SCP FAZ and DCP FAZ is
limited with the difficulty of delineating the capillaries’
border of the DCP which might be not as distinct as SCP
due to the phenomenon of flow projection of the SCP on
the DCP.**

Table 3 Comparison Table of Current Study with Recent Published Literature

Studies Wang et al[29] Hong et al[30] Yui et al[31] This Study

No of eyes 14 31 27 14

Follow-up 12 weeks 24 weeks 12 weeks 12 weeks

Type of RRD Macula Off Both Macula On and Macula Off Macula Off

Macula Off

Correlation

SCP No correlation with foveal No correlation with foveal No correlation with foveal No correlation with foveal
thickness thickness thickness thickness

DCP No correlation with foveal No correlation with foveal | No correlation with foveal No correlation with foveal
thickness thickness thickness thickness

BCVA Correlated with chorio Correlated with central No correlation between No correlation between SCP/
capillaries flow density capillary plexus SCP/DCP FAZ DCP FAZ

FAZ No correlation with foveal No correlation with foveal | No correlation with foveal | Negatively correlated with
thickness thickness thickness foveal thickness
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Conclusion

From this study, we recommend the use noninvasive ima-
ging tools like OCT and OCTA in the regular follow-up of
patients after successful repair of macula involving RRD.

OCT can provide accurate data about the morphology and

thickness of the retinal layers after reattachment, and can

record the recovery process with the restoration of retinal

layers. The use of OCTA to study the vascular changes after

successful retinal reattachment surgery proved very useful

in explaining the limited visual recovery of patients. Further

studies with larger sample sizes are needed to analyze the

effect of ischemic and morphological changes occurring in

detached retina and during its process of recovery, and how

this would correlate with the final visual gain.
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