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Abstract

Background: Information on the long-term perfusion status of patients after
successful surgery for giant retinal tear (GRT) macula-off rhegmatogenous

retinal detachment (RRD) is limited. Purpose: To examine long-term struc-
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(OMOMMY e pcces:

tural, functional, and perfusion outcomes in normal control eyes and eyes
treated for different degrees of GRT-associated extensions of RRD. Methods:
One emmetropic normal eye (control), one healthy highly myopic eye (con-
trol myopic), and three eyes surgically treated for GRT (surgical), were in-
cluded in the study for a long-term comparison of study outcomes. The sur-
gical eyes were classified based on the degree of GRT-associated RRD exten-
sion as follows: one eye with GRT-associated RRD extension < 180°; one eye
with GRT-associated RRD extension between 180° - 270°; and one eye with
GRT-associated RRD extension > 270°. Structural, functional, and perfusion
outcomes were compared with those of the control eyes. Results: All three
eyes were phakic and the condition was monocular. The mean age of the pa-
tients was 48.67 * 8.50 years (range, 39 - 55 years). All three eyes had GRT
macula-off RRD. The mean preoperative time for GRT surgery was 1.2 weeks.
The mean pre- and postoperative best corrected visual acuities (BCVA) were
1.87 logMAR and 0.46 logMAR, respectively. The mean postoperative follow-
up period was 19.67 + 5.69 months. Proliferative vitreoretinopathy resulted in
multiple surgeries in one eye (31.5%). Long-term postoperative optical cohe-
rence tomography (OCT) showed abnormal retinal thickness, ellipsoid zone
disruption, and external limiting membrane line discontinuities in one eye.
OCT angiography yielded abnormal perfusion indices in the surgically
treated eyes. Conclusions: Our data showed multiple structural alterations in
spectral-domain OCT biomarkers. One eye that developed secondary epire-
tinal membrane (ERM) proliferation showed a significantly improved BCVA
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after proliferation and internal limiting membrane were removed. Perfusion
findings were correlated with the final BCVA. Despite a fully reattached reti-
na without ERM proliferation, GRT-associated RRD has a guarded functional
prognosis.

Keywords

Choriocapillaris Subfoveal Plexus, Deep Vascular Plexus, Giant Retinal Tears,
Macular Perfusion Indices, Rhegmatogenous Retinal Detachment

1. Introduction

Rhegmatogenous retinal detachment (RRD) associated with giant retinal tears
(GRTs) is an uncommon condition with a guarded prognosis, as it may cause
significant visual morbidity from retinal detachment [1]. GRT-associated RRD is
a tractional event, an acute condition, that is complicated by the vitreoretinal in-
terface in which pathological contraction phenomena of the vitreous and the bed
of a normal or predisposed retina cause a full-thickness circumferential retinal
tear of >90° associated with vitreous detachment [2] [3]. The high incidence of
proliferative vitreoretinopathy (PVR) from GRT is due to the release and fibrous
metaplasia of a high number of retinal pigment epithelial cells (RPE cell disper-
sion), inflammatory breakdown of the retina-blood barrier, and upregulated re-
lease of multiple pro-inflammatory factors and cytokines resulting in a rapid oc-
currence of PVR [1]. The annual incidence of GRT is not clearly established in
the literature; however, it is estimated that between 0.05% to 0.09% per 100,000
people every year experience the condition [2]-[7]. GRT predominantly affects
male sex, with up to 72% of the total patients being male [2]-[7], representing
1.5% of the total RRDs, with an average age of 42 years at diagnosis [3] [6].

The formation of GRT is attributed to the combination of an area of retinal
abnormality and dynamic vitreous traction [3]. This type of retinal tear occurs
acutely in different magnitudes. The severity is known to depend on the sub-
strate and condition of the eye [8]. The coalition of multiple horseshoe tears on
the posterior border of the vitreous base due to acute pathologic contraction of
the vitreous may also be associated with the formation of GRTs. These patho-
logic conditions lead to a circumferential rupture of the retina greater than one
peripheral quadrant (>90° retina rupture).

Several risk factors may be the causation for these pathologic changes, which
include, local factors, systemic risk factors, and some other unknown or second-
ary conditions [2] [3] [8] [9] [10]. A large epidemiologic study conducted in
the United Kingdom (2010) has found that approximately 55% GRTs are idi-
opathic. Other studies have found an association between GRTs and several
other ocular and systemic conditions: 25% are myopia-associated, 14% are asso-
ciated with hereditary conditions related to defects in type 2 collagen synthesis,

such as Marfan’s, Stickler-Wagner, and Ehrler Danlos syndromes, and 12.3% re-
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sults from eye blunt trauma [2] [3] [8] [9] [10]. Other risk factors include high
myopia, aphakia, and pseudophakia [2] [3] [8] [9] [10]. Moreover, other more
rare conditions that have been found to be associated with GRT include aniridia,
lens coloboma, microspherophakia, retinitis pigmentosa, and endogenous en-
dophthalmitis [11].

In GRTs, the rate of anatomic success after the first surgery is between 80%
and 90%, whereas the final reattachment rate is 94% - 100% [12] [13]. However,
the condition is very difficult to manage owing to the risks of several intra and
postoperative complications. Additionally, several histopathological abnormali-
ties may occur during surgical procedures, e.g., during scleral buckling surgery
(e.g., placement of scleral buckle (SB), encircling bands, compression of the eye-
ball, and cryotherapy to the scleral vessels) may result in an interruption of the
blood supply to the anterior segment of the eye [14] [15] [16] [17].

The aim of this study was to evaluate the long term postoperative retinal and cho-
roidal vasculature in eyes with GRT-associated macula-off RRD and eyes under-
going vitrectomy without complementary scleral buckling using optical coherence
tomography (OCT) angiography. This will help to improve the control-perfusion
vitrectomy techniques without the probable deleterious effects of scleral buckling
on the retinal and choroidal perfusion. We compared the indices of macular mi-
crocirculation in normal emmetropic (Figures 1(a)-(k)), normal healthy myopic
(Figures 1(1)-(w)), and operated eyes with GRT macula-off RRD that resolved

completely after vitrectomy surgery and minimized the confounding variables.

2. Patients and Methods
2.1. Study Design

This study adhered to the tenets of the Declaration of Helsinki and was approved
by the ethics and teaching committees of the enrolled institution. Written in-
formed consent was obtained from all patients in accordance with institutional
guidelines.

The three patients who were included in the surgical cohort fulfilled the fol-
lowing criteria: age > 18 years, having GRT-associated macula-off RRD, evidence
of PVR grade B or less, retinal attachment at the last follow-up examination visit,
absence of intraocular silicone oil in the last follow-up visit, at least 6 months of
follow-up, and a well-documented long-term structural, functional, and perfu-
sion findings evaluation of the macula during follow-up visits [18].

Patients who fulfilled any of the following criteria were excluded from the study:
any prior complicated surgeries (e.g., vitreoretinal surgery or intravitreal injections),
GRT-associated RRD (e.g., due to open eye injuries), and GRT-associated RRD
with a macular hole retinal detachment caused by myopic traction maculopathy
(MTM). Other exclusion criteria included the presence of intraocular silicone oil
during the final evaluation, PVR (posterior or anterior) with recurrent RRD, and
presence of active glaucoma. Additionally, patients who could not maintain the

follow-up procedures and those who were operated on in a different institution
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Figure 1. Control normal eyes. (a) Horizontal b scan of a normal emmetropic eye automated with red and green segmentation
lines; the red dots indicate choriocapillaris flow. (b) Horizontal b scan with red and green segmentation lines. (c) Normal superfi-
cial vascular plexus (SVP) slab with an ETDRS (early treatment diabetic retinopathy study)-like sector grid overlay. (d) SVP slab
with a normal outlined foveal avascular zone (FAZ). (e) Superficial perfusion indices and retinal thickness at different macular
subregions. (f) The color overlays on the OCT angiography image indicate a normal vessel density value in the key to the right,
and normal superficial vessel density (VD) perfusion indices are depicted above the image. (g) Normal deep vascular plexus
(DVP). (h) Deep perfusion indices are located at different macular subregions. (i) The color overlays on the OCT angiography
indicate a normal VD value in the key to the right, and normal deep VD perfusion indices are depicted above the image. (j) The
image shows a normal choriocapillaris flow area. (k) Normal FAZ area of 0.456 mm?®. (1) High definition (HD) 12-mm horizontal
b scan of a normal myopic eye. (m) HD 12-mm horizontal b scan in a brighter color. (n) Horizontal b scan with green and red
segmentation lines, with red dots corresponding to the retina and choroidal vessels. (o) Normal horizontal b scan with segmenta-
tion lines in a healthy myopic eye. (p) A corresponding SVP slab. (q) Normal DVP slab in a myopic eye. (r) Normal perfusion
indices with corresponding retinal thickness values at the different macula subregions. (s) VD at SVP in a normal myopic eye, the
color overlays on the OCT angiography image indicate a normal vessel density value in the key to the left. (t) and (u) Images of the
corresponding superficial and deep perfusion indices with different normal values as indicated above the images. (v) The image
depicts a normal choriocapillaris flow of 2.308 mm? at the selected subfoveal choriocapillaris area of 3.142 mm?. (w) The image
shows a normal regular FAZ area of 0.561 mm?.

or with severe complications (e.g., endophthalmitis, recurrent disease, complicated
severe PVR RRD, and refractory corneal opacities) were also excluded [18].

The following assessments were conducted: long-term postoperative structur-
al spectral-domain (SD)-OCT findings, including foveal contour profile, central
subfoveal ellipsoid zone (EZ) status, central subfoveal external limiting mem-

brane (ELM) line appearance, en-face imaging or cross-sectional SD-OCT B-scan
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analysis for the presence of dissociated optic nerve fiber layer (DONFL) defects,
and the presence of epiretinal membrane (ERM) proliferation over the macula.
Postoperative macular perfusion evaluation included vessel density (VD) at the
superficial vascular plexus (SVP), deep vascular plexus (DVP), foveal avascular
zone (FAZ), and choriocapillaris subfoveal plexus (CSP). The BCVA in Snellen
unit was converted to logMAR units using standard formulas.

The clinical charts of the included patients, with a diagnosis of GRT-associated
with RRD and treated between May 2017 and January 2021, were included and
interpreted. Only eyes with a fully attached retina and functional vision on the
patients’ last postoperative evaluation, regardless of the number of surgical pro-
cedures needed, were selectively included. Thus, three selected eyes from three
patients were classified according to the circumferential size of the GRT. One
eye had RRD associated with circumferential retinal tears of <180°, one eye had
RRD associated with circumferential retinal tears between 180° and 270°, and
one eye had RRD associated with circumferential GRTs of >270°. The postoper-
ative eyes were analyzed statistically to demonstrate the postoperative functional,
structural, and perfusion macula-off retinal detachment outcomes. Only eyes in
which the retina was successfully reattached without the presence of intraocular
silicon for a minimum of 6 months of follow-up after the last vitreoretinal sur-

gical procedure were included in the general dataset.

2.2. Examinations

All the patients underwent a detailed eye examination, which included preopera-
tive evaluations such as visual acuity, slit-lamp examination, fundoscopy, and
indirect ophthalmoscopy. The assessment protocols used in these cases have
been reported previously [18]. In brief, cross-sectional images of the macular re-
gion were acquired along the horizontal plane through the foveal center using
Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany), or, in some cases,
SD-OCT (RTVue-XR platform SD-OCT, Optovue Inc., Fremont, CA, USA), and
the axial lengths were measured using partial coherence laser interferometry
(Zeiss IOL Master 700; Carl Zeiss Meditec AG, Oberkochen, Germany). GRT-
associated with RRD was diagnosed through indirect ophthalmoscopy and B-scan
ultrasonography (A and B Ultrasound Unit, Quantel Medical, Du Bois Loli, Au-
vergne, France). The postoperative microstructural evaluation was performed
using SD-OCT Spectralis OCT and RTVue-XR platform SD-OCT. The following
postoperative structural and perfusion assessments of the eyes were statistically
analyzed in three groups: long-term postoperative structural SD-OCT findings,
including central subfoveal thickness (CSFT), foveal contour profile, central sub-
foveal EZ status, central subfoveal ELM line appearance, en-face imaging or cross-
sectional SD-OCT B-scan analysis for the presence of DONFL defects, and the
presence of ERM proliferation over the macula.

Postoperative perfusion and quantitative VD and choroidal flow evaluations

were completed using an OCT angiography device (RTVue XR OCT Avanti with
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AngioVue Software; OptoVue Inc., Fremont, CA, USA). More details about the
equipment can be found elsewhere [19]. Default retinal imaging settings and
built-in projection artifact removal tools were used to perform image adjustment
and segmentation. Segmentation of the SVP, DVP, outer retinal layer, and CSP
slabs was performed using the AngioVue software. The imaging data were in-
terpreted by an independent analyst. The scan quality was evaluated using the
standard signal strength index (SSI) provided by the software, and only scans
with an SSI > 46 were included.

The procedure for image analysis was done following a published protocol
[19]. In brief, the FAZ area in the SVP slab was quantitatively evaluated by ana-
lyzing images in the AngioVue system. A built-in tool in the AngioVue system
was used to measure the VD [20] [21]. All multimodal evaluations and images
were analyzed by three experienced retina specialists (co-authors) from the par-

ticipating institution.

2.3. Surgical Technique

The surgical technique performed in these patients was described in detail pre-
viously [18]. In brief, standard 25-gauge 3-port pars plana vitrectomy (Alcon
Constellation Vision System, Alcon Labs, Fort Worth, TX, USA) was performed
using a contact wide-angle viewing precorneal lens system (ROLS reinverted
system Volk Medilex, Miami, FL, USA) or the Wide-Angle Viewing System with
the resight non-contact lens (Carl Zeiss Meditec AG, Jena Germany). In addition
to central vitrectomy, we used diluted triamcinolone acetonide adjuvant (Kena-
log 40 mg/mL; Bristol-Myers Squibb, New York, NY, USA) to better visualize
the vitreous face, vitreous base, and its posterior border, and performed the re-
moval of the cortical face from the surface of the retina using a silicone-tipped
cannula with active suction prior to perfluorocarbon liquid infusion and reat-
tachment of the retina. A subretinal fluid endodrainage was performed as de-
scribed previously [18]. In brief, endodrainage was done slowly by implementing
a first-step air-to-fluid exchange over the edge of the GRT to avoid posterior re-
tinal slippage before proceeding to a second air-fluid exchange and continuing
with subretinal fluid drainage. Once the retina was completely reattached, con-
tinuous argon laser endophotocoagulation was performed. Finally, as the last
surgical step, a non-expandable bubble containing 15% perfluoropropane (C;F;)
gas mixture was used as a long-acting tamponade at the end of the procedure in

the three cases, as previously described [18].

2.4. Statistical Analysis

Data were entered and processed using Microsoft Excel and analyzed using
GraphPad Prism version 8.2.1 and SPSS for Windows version 28. Data were as-
sessed for normal distribution, and appropriate statistical tests were selected.
Spearman’s correlation test was used to test the relationship between perfusion

indices and final visual outcome. The Wilcoxon matched signed-rank test was
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used to compare the preoperative and postoperative BCVA values in the surgical
group (logMAR). For functional evaluations among the stages and surgical va-
riants, only the final postoperative BCVA was included in the statistical analysis.
Statistical significance was set at p < 0.05.

Eyes were divided into three groups according to tear magnitude: patients
with a GRT < 180°, those with a GRT of 180° - 270°, and those with a GRT >
270°. The Kaplan-Meier method was used to evaluate the general survival for

final postoperative BCVA logMAR units between the eye groups.

3. Results

The clinical charts of three consecutively selected patients who were surgically
managed between January 2015 and May 2021 were analyzed. Only eyes with a
fully attached retina and functional vision on the patients’ last postoperative
evaluation were selectively included, regardless of the number of surgical pro-
cedures needed. Thus, three eyes from three patients were included and classi-
fied according to the circumferential size of the GRT. The postoperative eyes
were analyzed statistically to demonstrate the functional, structural, and perfu-
sion macula-off retinal detachment outcomes. Only eyes in which the retina was
successfully reattached without the presence of intraocular silicon for a mini-
mum of 6 months of follow-up after the last vitreoretinal surgical procedure

were included in the general dataset.

3.1. Outcome Measures

Macular quantitative perfusion indices (superficial and deep vessel density at
different subdivided sections of the macula), structural outcomes and functional
improvements were compared in terms of logarithm of the minimum angle of
resolution (logMAR) units. Anatomical success was defined by the disappear-
ance of the RRD without new retinal tears, clinically and tomographic resolution
of the macular subretinal fluid, or reattachment of the retina before the final visit
regardless of the number of surgical procedures. The SD-OCT findings at the
last follow-up evaluation were used to perform statistical microstructural com-
parisons; the long-term OCT angiography perfusion indices were assessed in the
last visit. Data were collected by two other macula and retina specialists masked
to other information, and a third observer evaluated the SD-OCT readings in

case of disagreements.

3.2. General Outcomes

No evidence of PVR or other postoperative complications was found in the eye
with GRT-associated RRD extension < 180°. The postoperative BCVA (0.48
logMAR) was significantly better than the preoperative BCVA (2.00 logMAR)
(Table 1). In the eye with GRT-associated RRD extension = 180° - 270°, the pre-
and post-operative BCVA values were 1.60 logMAR and 0.30 logMAR, respec-
tively. In the eye with GRT-associated RRD extension > 270°, the pre- and post-
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Table 1. Patients’ demographic data and pre-operative clinical characteristics.

Study groups Age () Preoperative BCVA Axial length  Post-operative

(logMAR units) (mm) follow-up months
Control emmetropic
0.00 20.32 -
eye (n=1)
C .
ontrol myopic eye P 0.00 2912 )
(n=1)
Surgical group
(n=23)
GRT < 180° 55 2.00 22.54 18
GRT 180° - 270° 52 1.60 26.38 26
GRT > 270° 39 2.00 30.10 15

BCVA, best-corrected visual acuity; GRT: giant retinal tear.

operative BCVA values were 2.00 logMAR, and 0.60 logMAR, respectively
(Table 1).

3.3. Structural Analysis among Eyes

To describe the structural postoperative SD-OCT findings (Table 2), we used
the terminology proposed in the International Nomenclature for Optical Cohe-
rence Tomography Panel report, [22] which correlated with the functional find-
ings. The statistical program yielded the following SD-OCT findings: foveal
contour (33.3% of the eyes), EZ disruption (33.3%), DONFL abnormalities
(33.3%), and ELM line alterations (33.3%). The differences between these cate-
gorical variables were not statistically significant (p > 0.05%) (Table 2).

3.4. Perfusion Analysis among Eyes

The superficial FAZ area in the control emmetropic eye was significantly smaller
than that in the other eyes. The superficial foveal VD in the emmetropic eye dif-
fered only from that of the eye with GRT-associated RRD extension between
180° and 270° and >270°. Deep foveal VD differed only between the emmetropic
eye and the eye with GRT-associated RRD extension of >270°. The flow area in
the CSP was significantly larger in the emmetropic group.

Decreased superficial foveal VD correlated with poor visual outcome in eyes
with GRT-associated RRD extension > 270°. Similarly, a smaller flow area in the
CSP was associated with poorer visual outcomes in eyes with GRT-associated
RRD extension > 270° (Table 3).

A Kaplan-Meier survival probability plot was used to visualize tear magni-
tude. Each plot represents the survival probability of different groups over time

(Figure 2).

3.5. Surgical Cases

Surgical case 1
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Table 2. Comparison between tear magnitude groups: associations with study variables.

Sample Tear < 180° Tear 180° - 270° Tear > 270°

N=3 N=1 N=1 N=1
Foveal contour
Normal 2 (66.6%) 1 1
Abnormal 1(33.3%) 1
Ellipsoid zone
Normal 2 (66.6%) 1 1
Disrupted 1(33.3%) 1
DONFL defects
Absent 2 (66.6%) 1 1
Present 1(33.3%) 1
ELM line
Normal 2 (66.6%) 1 1
Disrupted 1(33.3%) 1

DONFL, dissociated optic nerve fiber layer; ELM, external limiting membrane.

Table 3. Comparative functional, structural and quantitative evaluation of macular perfusion indices of th study eyes.

ficial D
Superficial Superficial Deep Superficial Deep Su&;roizla wl'f:ﬁ: Flow area (mm?) at CSFT Postoperative

Study groups FAZ area foveal VD foveal VD parafoveal parafoveal macala  macula the choriocapillaris (um) BCVA

(mm?) (%) (%) VD (%) VD (%) VD (%) VD (%) subfoveal plexus

Emmetropic

0.31 32.17 32.29 57.72 58.27 57.83 57.40 2.54 242.40 0.00

controls

High myopia

0.53 31.77 33.21 56.34 55.88 47.45 49.45 2.45 254.3 0.00

controls

Surgically treated (n = 3)

GRT < 180° 0.89 27.93 30.22 47.69 49.23 49.13 49.35 1.95 206.9 0.48
GRT 180° - 240° 1.42 20.07 24.40 35.21 37.22 39.22 40.26 1.24 190.0 0.30
GRT < 270° 1.83 21.54 22.68 25.72 2891 30.11 32.39 1.36 204.8 0.60

*Indicates where data differed significantly (p < 0.05) from the control emmetropic eye. The BCVA in the control emmetropic and
control high myopia eyes was used for comparison with postoperative BCVA in the surgical group. BCVA: best corrected visual
acuity; FAZ: foveal avascular zone; VD: vessel density; CSFT: central subfoveal thickness.

A 55-year-old phakic, symptomatic woman presented with complaints of me-
tamorphopsia and sudden visual loss in her right eye. The vision loss occurred
over a period of 7 days. The preoperative visual acuity of the right eye was
20/2000 (logMAR 02.00), with a refractive error of =2.00 + 1.25 x 10, an axial
length of 22.54 mm, and an ocular tension by applanation tonometry of 10
mmHg. The evaluation of the fundus showed a total detachment of retina due to

a giant tear of the meridian from VIII meridian to I meridian, with clear media,
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Figure 2. Kaplan-Meier survival plots. Kaplan-Meier survival probability plot tear mag-
nitude. Each curve represents the survival probabilities of a different group over time.

vitreous liquefaction, and a large amount of pigment granules. The tear bent on
itself showing a large amount of subretinal fluid beneath the macula (Figure
3(a)). Multiple areas of thinning were detected in the retina with some liquid
sockets and areas of vitreoretinal traction. The patient underwent uneventful gas-
vitrectomy, no scleral cerclage was installed, and with 15% C,F; gas injection, the
evolution was satisfactory, as the retina remained attached and visual acuity
showed a satisfactory recovery. At the 18-month follow-up, the final BCVA was
20/60 (logMAR 0.48). Several SD-OCT biomarkers were noted, such as an irre-
gular foveal contour and internal and external neuroretina lines without total
restoration of the central subfoveal ellipsoid, including at the EZ and the ELM
line (Figure 3(b)). The long-term postoperative perfusion evaluation was ab-
normal, with lower-than-normal perfusion indices on the SVP (Figure 3(c)) and
DVP slabs (Figure 3(d)). The perfusion indices were quantified and found to be
lower than normal (Figures 3(e)-(h)). The choriocapillaris flow area was consi-
dered to be within 2.113 mm? (Figure 3(i)) with an enlarged and irregular FAZ
area of 4.036 mm?’ (Figure 3(j))

Surgical case 2

A 52-year-old phakic, symptomatic woman presented with concerns of ag-
gravating metamorphopsia and entopic phenomena; these were accompanied by
a progressive and rapid drop in central vision and high myopia. The right eye
had an axial length of 26.38 mm and a GRT macula-off associated RRD of 200"
extension over the temporal and superior quadrants (Figure 4(a)) underwent an
uneventful gas-vitrectomy surgery (Figure 4(a)). The preoperative BCVA was
measured at 20/800 (logMAR 1.60). We performed a three-port 25-G pars plana
vitrectomy and perfluorocarbon liquid assisted technique to flatten the retina and

perform endodrainage of subretinal fluid. Fluid-air gas exchange was performed
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Figure 3. Surgical case 1. (a) Image of the fundus of a 55-year-old phakic, symptomatic woman presented with complaining of
metamorphopsia and sudden visual loss in her right eye. The visual loss occurred over a period of 7 days. The image showed a
total retinal detachment due to a giant tear extending from the IX to I meridian meridian (the clinical image shown was adopted
from a previous publication (18) from our group). (b) Postoperative HD 12-mm horizontal b scan. Several SD-OCT biomarkers
were noted, such as an irregular foveal contour and internal and external neuroretinal lines without total restoration of the central
subfoveal ellipsoid zone and the external limiting membrane line. (c) Superficial vascular plexus showing certain vascular defi-
ciencies of the perfusion indices. (d) Deep vascular plexus slab with better perfusion indices. (¢) Quantified superficial perfusion
indices at different subregions of the macula. (f) The color overlays on the OCT angiography image indicate abnormal superficial
VD value in the key to the left with the ETDRS-like sector grid overlay. (g) The color overlays on the OCT angiography image
indicate a normal deep VD value in the key to the right. (h) The image depicts deep perfusion indices at different subfields of the
macula with the corresponding retinal thickness. (i) Choriocapillaris flow area of 2.113 mm? within the selected subfoveal chori-
ocapillaris area of 3.142 mm’. (k) Enlarged irregular non-flow tissue corresponding to a FAZ area of 4.036 mm®*. ETDRS: early
treatment diabetic retinopathy study, OCT: optical coherence tomography, SD: spectral domain, VD: vessel density.

with 15% C,F; tamponade. After a 26-month longitudinal follow-up (Figure 4(b)),
the operated eye showed a postoperative BCVA of 20/40 (logMAR 0.30). The
long-term high-definition 12-mm structural b scan evaluation revealed an irre-
gular foveal profile with well-recognized outer retina biomarkers (Figure 4(c)
and Figure 4(d)). The postoperative perfusion indices at the SVP (Figure 4(e)
and DVP slabs (Figure 4(f)) were found to be below the mean value with no
evidence of ERM proliferation. The quantified perfusion indices at the different

subregions of the macula along with the retinal thickness were lower than normal
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Figure 4. Surgical case 2. (a) The image shows the fundus of a 52-year-old phakic, symptomatic myopic woman who presented
with concerns of aggravating metamorphopsia and entopic phenomena, which were accompanied by a progressive and rapid drop
in central vision. The right eye with an axial length of 26.38 mm and a macula-off giant retinal tear-related rhegmatogenous retin-
al detachment of 200° extension over the temporal and superior quadrants underwent an uneventful gas-vitrectomy surgery. (b)
The image depicts the fundus at the 26-month follow-up; the operated eye showed a postoperative BCVA of 20/40 (logMAR 0.30).
(c) and (d) Images depicting a high-definition SD-OCT horizontal b scan with an irregular foveal profile and diffuse retinal thin-
ning; the outer retina biomarkers are identifiable. (e) and (f) Corresponding superficial and deep vascular plexuses slabs. (g) The
image shows different values of the perfusion indices and retinal thickness at different subregions of the macula. (h) and (i) Color
overlays on an OCT angiography, indicating superficial and deep vessel density values in the key to the right; the quantified perfu-
sion indices in different subregions of the macula are depicted above. BCVA: best corrected visual acuity, OCT: optical coherence
tomography, SD: spectral domain.

values (Figure 4(g)). Color overlays on the OCT angiography images indicating
superficial (Figure 4(h)) and deep (Figure 4(i)) quantified VD values at the dif-
ferent subregions of the macula seen in the key to the right and above the images
were considered lower than normal values.

Surgical case 3

A 39-year-old man with 2 days of sudden decreased vision with metamor-
phopsia, high myopia, and severe PS. The patient was diagnosed with a familial
condition consistent with Stickler’s syndrome by the genetic unit. A diagnosis of
GRT-associated RRD of more than 270° extension was made (Figure 5(a) and
Figure 5(b)). The preoperative BCVA was 20/2000 or counting fingers at 2 feet
(logMAR 2.00), with PS and an axial length of 30.10 mm. This right phakic eye
underwent a 25-G three-port pars plana gas-vitrectomy. Because of recurrent
and a complicated proliferative vitreoretinopathy (PVR) RRD, this eye under-
went a second surgical procedure consisting of vitrectomy revision and macular
surgery, which includes BBG dye-assisted ERM/ILM peeling en-bloc removal
technique and silicon oil injection. Lighter-than-water silicon oil was unevent-
fully removed 4 months later. After a 15-month follow-up, the final postopera-
tive BCVA was 20/80 (logMAR 0.60) and showed a SD-OCT pattern consistent

with an abnormal macular profile and presence of abnormal biomarkers, such as
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Figure 5. Surgical case 3. (a) and (b) Transoperative photos of a 39-year-old man with 2 days of sudden decrease in vision with
metamorphopsia and high myopia. The patient was diagnosed with familial Stickler’s syndrome by the genetic unit. A diagnosis of
GRT-associated RRD of more than 270° extension was made. Counting fingers at 2 ft was assigned to a visual acuity of 20/2000
during preoperative BCVA (logMAR 2.00), with posterior staphyloma and an axial length of 30.1 mm (The clinical images a and b
were adopted from a previous publication (18) from our group). (c) and (d) Images after a 15-month follow-up showing an
SD-OCT pattern consistent with an abnormal macular profile and the presence of abnormal biomarkers (such as inner and irre-
gular outer retina SD-OCT layers), abnormal subfoveal ellipsoid zone, and ELM line discontinuities with a well-preserved RPE
layer. (e) and (f) The images depict superficial and deep vascular plexuses with the ETDRS-like sector grid overlay. (g) and (h) The
images show different perfusion values and corresponding retinal thickness at different subregions of the macula. (i) and (j) The
images show the color overlays in the OCT angiography images indicative of superficial and deep vessel density values in the key
to the right; the quantified perfusion indices on the different subregions of the macula are depicted above. (k) The image shows a
choriocapillaris flow area of 2.156 mm®. (1) Highly abnormal, enlarged, irregular foveal avascular non-perfused area of 9.657 mm®.
(m) Long-term, postoperative central crossline b scan with an irregular foveal profile, internal limiting membrane remnants, ex-
ternal limiting membrane discontinuities and dissociated optic nerve fibers layers defects. ETDRS: early treatment diabetic reti-
nopathy study, BCVA: best corrected visual acuity, ETDRS: OCT: optical coherence tomography, SD: spectral domain.

inner and outer retina SD-OCT layers, abnormal subfoveal EZ, and ELM line
discontinuities with a well-preserved RPE layer (Figure 5(c) and Figure 5(d)).
Further, the en-face aspect exhibited multiple deep defects at the level of the RPE
cells with a highly abnormal perfusion evaluation on the SVP slab (Figure 5(e))
and a better perfusion evaluation on the DVP slab (Figure 5(f)). The superficial
(Figure 5(g)) and deep (Figure 5(h)) perfusion indices and the corresponding

retinal thickness values at different subregions of the retina were lower than
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normal. Color overlays on the OCT angiography images indicate superficial
(Figure 5(i)) and deep (Figure 5(j)) Lower-than-normal quantified VD values
at the different subregions of the macula seen in the key to the right and the VD
percentage of the perfusion indices shown above the images were considered
lower than normal. The choriocapillaris flow was highly deficient with 1.366
mm?* of flow from a selected area of 3.142 mm® (Figure 5(k)). The FAZ area
looked irregular and enlarged with 9.657 mm?® in area (Figure 5(1)). The last
long-term structural crossline SD-OCT b scan evaluation revealed an irregular
foveal profile, irregular diffuse retinal thinning over the temporal and inferior
side of the macula in both horizontal and vertical b scans respectively, evidence
of dissociated optic nerve fiber defects, and irregularities in outer retina layer

biomarkers (Figure 5(m)).

4. Discussion

The benefits of adding an encircling SB to vitrectomy for GRT-associated RRD
are still largely unknown [23] [24]. Some authors claim that an abnormal vi-
treous base and decreasing support of tractional forces in that region could cause
a break that leads to GRT's [25] [26] [27]. In eyes undergoing vitreous surgery
for GRT-associated RRD, the value of adding a scleral buckle remains contro-
versial because its placement before reapplying the retina although facilitates the
removal of the anterior vitreous it favors the posterior slippage of the retina and
additionally hypothetically induces potential damage to the retinal and choroidal
microcirculation, that’s one of the reasons why we preferably place the scleral
buckle after transoperative fully reattachment of the retina if we decide to place
it; others believe that buckling is an essential part of the surgical approach, as it
helps to relieve the traction at the edges of the GRT and provides support for the
rest of the vitreous base mainly at its posterior border [27]. Our analysis of
long-term postoperative perfusion findings suggests a time-related change in
perfusion density. The data showed reduced perfusion (both retinal and choroidal)
after the control-perfusion vitrectomy technique. There was also a uniform re-
duction in the choroidal vessel network, which was evident in the topographical
sub-analysis of the flow area. Previous studies have reported several histopatho-
logical harmful consequences of surgical maneuvers for the placement of SBs,
which we could avoid [23] [24]. Cases with a complementary SB were purpose-
fully excluded, as this may influence the perfusion state of the microvasculature
system of the retina and vitreous.

There is a consensus among retinal surgeons to use SB in GRT's < 180°, espe-
cially when there is no PVD and retinal folding. However, other retinal surgeons
think that it may not be a proper technique because GRT > 180° increases the
chances of vitreous traction. Therefore, SB may not have any benefits but in-
creases the chances of complications. The long term perfusion status was eva-
luated as previously described [28]. A sustained vessel density due to enhanced

perfusion can improve vision and prevent its deterioration [29]. Further, myopic
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eyes with decreased choroidal perfusion may be attributed to the mechanical
stretch forces that arise due to elongation of the eyeball [30]. However, this pos-
sibility could not be proven in our case series.

Based on our observations and previous studies, it is evident that assessment
of microcirculation provides a key clinical benefit [29], especially because in
several diseases such as retinal vascular diseases, including diabetic retinopathy,
macular telangiectasia, and radiation retinopathy, small vessel changes with
lower vessel density have been well documented [23] [31] [32].

OCT angiography quantitative perfusion indices can reproducibly facilitate
the detection of postoperative structural outcomes. We observed that visual acu-
ities were correlated to the flow area of the CSP slabs. However, the small sample
size limited our observations and comparisons. We compared normal-range
vessel changes in three groups of eyes: a normal emmetropic eye, a highly myo-
pic eye, and in eyes with different degrees of GRT-associated extensions of RRD,
and we observed differences in macular perfusion indices between the control
eye and those with GRT-related RRD. Significant differences were found when
the microcirculation of the macula was analyzed using quantitative VD perfu-
sion indices. These perfusion deficiencies suggest a possible causal relationship
between the perfusion mechanisms and lack of better visual recovery in this
condition [18]. Similar effects have been published by Christou, [33] suggesting
that postoperative OCT angiography findings are a hypothetical explanation of
suboptimal vision recovery without current evidence to establish OCT angio-
graphy biomarkers as predictive factors.

Our case studies provide support for the role of microcirculation as a funda-
mental player in postoperative visual recovery. Several studies have directly ex-
amined the correlation between choroidal perfusion and VD. Care should be
taken to avoid reduction of the choroidal perfusion in eyes with GRTs associated
with RRD due to surgical changes (e.g., by compression of the choroid second-
ary to buckling surgery) [33]. FAZ distortion with enlargement of the juxtafoveal
capillary net contributes to decreased VD perifoveal perfusion indices in the dif-
ferent stages of myopic traction maculopathy [19]; this fact should be proven in
successfully operated eyes with GRT-associated RRD.

We observed a positive correlation between BCVA and macular perfusion in-
dices across different degrees of GRT-associated extensions of RRD, which sug-
gests that VD flow abnormalities (lower value of choroidal thickness) may cor-
respond to lack of visual recoveries. It is important to note that the current con-
trol-perfusion vitrectomy techniques are crucial to reversing the state of the eye.
Similarly, it is important to complete the reattachment procedures for the retina
to avoid complications that would otherwise arise. In our cases, early perfor-
mance of the procedure prevented future damage to the eye. However, patients
with a tear magnitude of 180° - 270° had the best probability of survival, whereas
patients with a tear magnitude > 270" had the worst survival rate. Thus, these

patients must be treated quickly to avoid irreversible visual damage.
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We did not apply endolaser even for GRTs of <180° because there is no evi-
dence in the literature to support the use of 360" endolaser in the absence of lat-
tice degeneration [26]. However, we performed extensive assisted vitreous base
shaving. Fluid-air exchange is arguably the most critical step in the surgical re-
pair of GRT-associated RRDs, and an improper technique can result in retinal
slippage or retinal fold formation. Meticulous, slow aqueous removal with an
extrusion cannula at the air-perfluorocarbon liquid interface and at the edge of
the tear is essential. We did not observe any occurrence of macular retinal folds
due to posterior slippage in eyes with GRTs < 180° or in GRTs > 180°. Moreo-
ver, we could not investigate the benefits of SB in our surgeries as we did not in-
clude this type of cases in this preliminary report; however, it should be noted
that some surgeons insist on using this technique, whereas others do not [25]. We
also did not use short-acting gas (sulfur hexafluoride) in our patients because it is
known to cause high rates of re-detachment [34]. However, we used C,F; in all
cases regardless of the extent of GRT. Lighter-than-water silicone was used as a
tamponade only in an eye with PVR and was eventually removed while preserv-
ing the attached retina. Several factors may lead to the decision of using a tam-
ponade agent. For example, Kunikata ef al. [35] used silicone oil as a tamponade
in 34 of 41 eyes (83%) with GRT-associated RRD.

The risk factors that cause the recurrence of RRD include anterior PVR and
persistent or new epiretinal traction at the corners of the tear [1] [2]. We ob-
served RRD recurrence in one patient due to posterior PVR with evidence of
postoperative ERM proliferation over the detached macula. We believe that it
contributed to the creation or activation of new tears through diffuse posterior
epiretinal traction. The eye with recurrent RRD underwent vitrectomy revision,
epiretinal and macular membrane stripping, and ERM/ILM en-bloc removal
during the follow-up.

The rate of reattachment following one procedure is reportedly 80% - 90%,
whereas the final reattachment rate is 94% - 100% [12] [36]. However, if PVR is
present, the visual prognosis is poor despite reattachment and anatomic success,
as was demonstrated here and in a previous study [2]. In contrast, in a previous
report, the most common postoperative complications, including macular ERM
proliferation and cystoid macular edema, occurred in 16 eyes (39%) [35]. Some
authors believe that [36] good anatomical and functional results can be obtained
only with vitrectomy techniques in non-complex cases. In our study, we ob-
served a 66.7% rate of reattachment after one surgical procedure, which is con-
sistent with the 65% rate at 2 years (95% confidence interval: 47% - 78%) re-
ported by Li et al. [36].

A prospective study reported that even eyes that underwent timely surgery
hardly achieved a recovery of vision of 20/40 or better, highlighting the difficult
management of the condition, [37]. We believe that the absence of SB does not
seem to influence the final functional results, as indicated by our data. In fact,
the factors that lead to poor visual outcomes include old age (over 70 years), low

IOP (<10 mmHg), retinal detachment with more than four rhegmatogenous le-
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sions, and retinal detachment of more than three quadrants [37]. However, it is
now clear that the final visual outcome is correlated with the perfusion indices.
Therefore, we hypothesize that both the extensive pathological rupture of the re-
tina as well as the vitrectomy techniques can potentially damage the microcircu-
lation of the retina and choroid, this hypothetically accentuated perhaps in the
long-term by the presence of SB resulting in low rates of perfusion and unsatis-
factory postoperative vision. We did not find any association between anatomic
success and other factors, namely number of breaks, lens extraction, additional
cryotherapy, and type of surgery (primary vitrectomy vs. combined SB and vi-
trectomy techniques), which is in agreement with a report by Ting et al [38]. In
our study, the postoperative BCVA in logMAR units was significantly associated
with the CSFT in microns, the normal foveal contour, and the abnormal perfu-
sion indices according to our statistical analysis. We observed that the thinner
the CSFT and lower the perfusion indices, the lower the postoperative BCVA.
The preoperative logMAR was higher in tear > 270° and the final postoperative
logMAR in the same eye was lower. The results of this study reaffirm the hypo-
thetical concept of the author that the greater the extent of the giant tear, the less
need to place a scleral buckle; the previous clinical fact supported by our results
where the worst perfusional indices were observed precisely in giant tears greater
than 180 treated with complementary scleral cerclage and this outcome posi-
tively correlates with the worst final BCVA.

The two main limitations of this study are its retrospective nature and low
sample size. However, it also has inherent strengths, such as its long-term fol-
low-up evaluation. Additionally, the data reported here were collected by a single
surgeon to avoid surgeon bias. Further, the paucity of studies on GRT-associated
RRD allowed us to correlate structural and functional outcomes with perfusion
outcomes, which have been insufficiently explored in this relatively rare condi-

tion.

5. Conclusion

To conclude, GRT-associated RRD remains a potentially blinding condition with
limited final functional outcomes despite the recent advances in the manage-
ment of this condition. The advancement in technology has improved our un-
derstanding of the anatomical structures and the ways to treat the disease; how-
ever, the assessment of perfusion status is still a new concept. It should be noted
that surgical timing is important in reducing long-term complications, minimizing
the complication rate, and improving the reattachment rate. Evaluation of pa-
tients for long-term perfusion and functional outcomes suggests a role of these
indices in better patient management. Additionally, as GRT-associated RRD is a
rare condition, the data presented here have significant clinical implications. The
most important outcomes of this study concerning the management of GRT-
associated RRD include the benefits of thorough control-perfusion vitrectomy

and the postoperative macular perfusion indices, which allowed us to conclude
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the importance of evaluating pre- and postoperative macular perfusion indices
in patients with this condition to perform surgical techniques with transopera-
tive control of perfusion, and preferably without the assistance of complementa-
ry scleral cerclages, which according to published clinical evidence are unneces-
sary and potentially harmful to retinomacular perfusion.
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