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Abstract: Purpose: Published data on long-term macular perfusional findings and qualitative vessel density (VD) evaluation
of myopic foveoretinal detachment (FRD) are limited. This study aimed to evaluate the OCT angiographic findings after
uncomplicated successful macular surgery in fully surgically resolved myopic FRD. Methods: Between October 2016 and April
2020, an interventional, single-surgeon case series was conducted involving three structurally fully resolved highly myopic eyes
with FRD. Long-term postoperative spectral domain-optical coherence tomography (SD-OCT) and functional and follow-up
perfusion evaluations with SD-OCT and OCT angiography were performed. The main outcome was long-term structural and
macular perfusion status after successful surgical resolution of myopic FRD. Results: The mean evolution time of myopic FRD
was 7.33 £ 3.68 months. The mean follow-up time was 59.3 £12.20 months and the mean time for resolution of myopic FRD was
4.6 £ 1.98 weeks. Using a paired-samples permutation test, we observed that surgery was associated with a significant
improvement in visual acuity: best-corrected visual acuity decreased from logMAR 0.88 £ 0.15 pre-surgery to 0.36 £ 0.20
post-surgery (P<0.0001). Qualitative VD evaluation patterns were lower in eyes post-surgery than in normal emmetropic and
highly myopic eyes. The observed foveal avascular zone (FAZ) area was large and irregular in fully resolved myopic FRD. A
lack of SD-OCT structural postoperative findings and better qualitative perfusion findings were associated with better final
visual results. Conclusion: The results revealed postoperative microstructural abnormalities on SD-OCT with VD qualitative
deficiencies in the superficial vascular complex of the macula with FAZ abnormalities in the three eyes.

Keywords: Deep Vascular Plexus, Foveoretinal Detachment, High Myopia, Myopic Foveoschisis, Foveal Avascular Zone,
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1. Introduction

In industrialized countries, myopia is widely recognized as
a tremendous public health challenge, causing significant
visual loss and serving as a risk factor for a range of other
serious ocular conditions [1]. In the United States, myopia

affects ~2% of the general population aged 12 to 54 years [2].

Pathological myopia is the fifth-leading cause of low vision
or blindness in Japan and is the second leading cause among
individuals > 40 years in China [3].

Pathological myopia (PM) is defined as excessive axial

elongation associated with structural changes in the
posterior segment of the eye, including posterior
staphyloma, myopic maculopathy, and high
myopia-associated optic neuropathy, which can lead to loss
of best-corrected visual acuity (BCVA) [4].

Myopic macular degeneration is a vision-threatening
condition that is generally associated with high myopia
comprising diffuse or patchy macular atrophy with or without
lacquer cracks, macular Bruch’s membrane defects,
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chorioneovascular  proliferation, and myopic traction
maculopathy (MTM)  according to the recent
amyloid/tau/neurodegeneration (ATN) classification [5] and a
meta-analysis for PM-—an international photographic
classification and grading system for myopic maculopathy [6].

High myopia is defined as a refractive error with a spherical
equivalent > -6.0 diopters or an axial length > 26.5 mm.
Pathological macular changes in eyes with high myopia are
characterized by retinal atrophy, ruptures of Bruch’s
membrane, posterior staphyloma (PS), scleral stretching,
internal limiting membrane (ILM) incompliance, and sclerotic
thinning [4, 7, 8].

Highly myopic eyes with foveal or macular myopic
foveoschisis (MF) and myopic foveoretinal detachment (FRD)
naturally progress to produce a partial- or full-thickness
myopic macular hole (MH) and myopic macular hole retinal
detachment (MHRD) in advanced stages of this condition [9,
10]. MF was first identified by Takano and Kishi based on
optical coherence tomography (OCT) and B-scan views and
was identified in 34% of highly myopic eyes with PS [11-13].
MF and FRD are considered as the early stages of MTM that
could remain stable over a long period, then slowly progress to
more advanced and severe forms of myopic FRD, and finally
evolve to partial- or full-thickness MH with or without MHRD
[14-18].

Recently, perfusion evaluation and qualitative and
quantitative evaluation of vessel density (VD) at the macula
level have gained popularity as novel strategies for the
evaluation and management of different macular pathologies
[19-21]. However, published data on long-term macular
perfusion findings and qualitative VD evaluation of FRD are
limited.

To perform a qualitative assessment of macular
microcirculation in fully surgically resolved highly myopic
eyes, we evaluated the OCT angiographic findings in three
highly myopic eyes with long-term fully resolved FRD after
uncomplicated successful macular surgery. For this study, we
selected three surgical cases that fulfilled strict criteria
designed to minimize possible confounding variables: one
normal emmetropic and one healthy highly myopic eye were
used as controls.

2. Patients and Methods

2.1. Study Design and Patient Selection

The retina service at the Institute of Ophthalmology
Hospital, “Conde de Valenciana” Foundation in Mexico City
provided authorization and released the patients’ electronic
clinical records to generate the database used in this
retrospective study. The study was approved by the
institutional review board (no approval or reference number
was provided for retrospective studies by this institution in
Mexico City). Written informed consent was obtained from all
patients according to the institutional guidelines. Data are
available from the Imagenology and Psychophysics
Laboratory at the retina department of the institution.
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Two groups of eyes, namely the control group and study
group, were selected and retrospectively analyzed at the
Retina Service of the Institute of Ophthalmology from
October 2016 to April 2020.

The surgical study group comprised three eyes of three
consecutive patients who fulfilled the diagnosis of
symptomatic myopic FRD and who had undergone vitrectomy
with successful and uncomplicated macular surgery using the
fovea sparing ILM removal surgical technique. Three-port
pars plana vitrectomy was performed in these symptomatic
and highly myopic eyes with evidence of a progressive
decrease in BCVA. All the selected eyes possessed an axial
length >26.5 mm, with no evidence of patchy foveal-affected
chorioretinal atrophy, diffuse macular chorioretinal atrophy, or
quiescent or active myopic choroidal neovascularization
according to the ATN classification [5].

The control group comprised one normal emmetropic eye
and one healthy, highly myopic eye.

In the study group, the diagnosis of myopic FRD traction
maculopathy was confirmed using spectral-domain (SD)-OCT
findings consistent with internal or external schisis-like
foveomacular thickening, presence or absence of epiretinal
membranes (ERMs), residual hyaloidal cortical remnants,
central submacular presence of subretinal fluid, and no
evidence of partial- or full-thickness MH on SD-OCT
examination.

The emmetropic control eye and the healthy highly myopic
eye were recruited from individuals without a previous disease
history and with BCVA > 20/20, intraocular pressure > 10
mmHg and < 21 mmHg, without any abnormalities found on
dilated fundus examination, SD-OCT B, and crossline
scanning examination.

Individuals were matched for age, sex, study period, and
follow-up period. None of the eyes included in the study
received adjunctive therapy such as intravitreal injection or
laser photocoagulation during the study period.

Only patients with a follow-up period of at least 6 months
were statistically analyzed. All eyes were followed up at the
participating institution in a standardized fashion every month
for more than 6 months and examined every 6 months
thereafter until the final follow-up visit. The follow-up
durations ranged from 24 to 65 (mean: 59.3 £12.10) months.

2.2. Examinations

All patients underwent general ophthalmic evaluations and
preoperative examinations, including a regular Amsler test,
BCVA assessment, biomicroscopy slit-lamp examination,
fundus examination with a panfundoscopic contact lens, and
indirect ophthalmoscopy.

Cross-sectional images of the macular region were obtained
along the horizontal plane through the foveal center using
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).

The presence of PS in the study group was confirmed using
B-scan ultrasonography (ultrasounds A and B; Quantel
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Medical. Du Bois Loli, Auvergne, France) and indirect
ophthalmoscopy.

Preoperative  and  postoperative  microstructural
evaluations were performed using SD-OCT (RTVue-XR
platform SD-OCT, Optovue, Inc., Fremont, CA, USA;
Spectralis OCT, Heidelberg Engineering, Heidelberg,
Germany) and the swept-source DRI OCT Triton device
(Topcon Medical Systems, Inc., Oakland, USA).
Cross-sectional images of the macular region were acquired
along the horizontal plane through the foveal center,
whereas postoperative multimodal functional evaluations
were conducted with BCVA and conversion in the
logarithm of the minimum angle of resolution (logMAR)
units and macular perfusion status evaluation. When the
patients underwent macular surgery, the OCT angiography
evaluation technology was not available. Postoperative
perfusion and VD qualitative evaluations were performed
using an OCT angiography device (RTVue XR OCT Avanti
with AngioVue Software by OptoVue, Inc., Fremont, CA,
USA), and the AngioVue OCT angiography system was
used for imaging. This system uses a split-spectrum
amplitude-decorrelation angiography software algorithm
and acquires 70 000 A-scans/s to compose OCT
angiography volumes comprising 304 x 304 A-scans. The
system achieves high axial resolution at depths up to 5 pm
while accounting for motion artifacts. Each OCT
angiography cube scan consisted of 304 x 304 A-scans
within a 3-mm X 3-mm square centered on the fovea,
yielding 304 b-scans. Each b-scan output displayed an
average of at least two scans. The AngioVue software
program includes a built-in projection artifact removal
algorithm with four default en-face retinal imaging settings
for automatic segmentation of the superficial vascular
plexus (SVP), deep vascular plexus (DVP), outer retina
layer, and choriocapillaris plexus. Auto-segmentation
errors were corrected using automated adjustment of the
contour and location of each segmentation line. The signal
strength index was used to assess the quality of the
angiographic images.

We qualitatively evaluated the characteristics of the foveal
avascular zone (FAZ) in the SVP by analyzing en-face images
saved as PNG files using the AngioVue system. Each FAZ
area was automatically outlined following AngioAnalytics
with angiometrics in the AngioVue software system. Only
scans with a signal strength index > 46 were included.
Projection artifacts were automatically excluded when
digitally outlining the FAZ in the SVP. The superficial FAZ
area was qualitatively evaluated and not quantitatively
evaluated. VD was evaluated only in the SVP [22, 23] using
the AngioVue tool. We defined VD as the proportion of vessel
area with blood flow exceeding the total macular area
qualitatively  evaluated. Whole-macula VD and
choriocapillaris foveal flow patterns were qualitatively
characterized as normal or lower by comparison with the
perfusion characteristics of the control eyes.
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2.3. Surgical Procedures

Standard 25-G three-port pars plana vitrectomy was
performed by one of the authors (MAQR) on the three eyes
under local anesthesia and sedation. In addition to core
vitrectomy, triamcinolone acetonide-assisted (Kenalog 40
mg/mL; Bristol-Myers, New York, NY) removal of the
cortical vitreous from the surface of the retina was performed
using a silicone-tipped cannula and active suction, with a
focus on achieving a free and mobile posterior hyaloid
membrane whilst leaving the superficial foveal tissue (foveal
roof) untouched. The technique was standardized, and
surgical macular evaluation and revision were performed in
all cases using trypan blue ophthalmic solution (0.15%;
Membrane Blue, Dutch Ophthalmic, USA) as an adjuvant
dye to stain cortical vitreous remnants or ERMs. As a
second-step macular surgery, 0.15 mL of 0.25 mg/mL
(0.025%) diluted isomolar solution (pH 7.4) of brilliant blue
G (BBG) dye was used to selectively stain the ILM and
manipulate it carefully to accomplish adequate fovea-sparing
surgical ILM removal, without peeling the dyed foveocentral
ILM. In all three cases, the ILM was peeled off, leaving the
fovea untouched with its corresponding foveocentral ILM, as
previously mentioned. This procedure was performed using
a 25-G vitrectomy cut and suction instrument (Alcon
Constellation Vision System, Alcon Labs; Fort Worth, Texas,
USA) and 25-G 0.44 ILM forceps (Grieshaber Revolution
DSP ILM forceps; Alcon Labs; Fort Worth, Texas, USA)
along with a 25-G Finnesse ILM flex loop microinstrument
(Grieshaber, Alcon Labs, Fort Worth, Texas, USA) to
facilitate ILM flap manipulation. A non-expandable bubble
with a 15% perfluoropropane gas mixture was used as a
long-acting tamponade.

2.4. Study Outcomes

The primary outcomes of the study were qualitative
postoperative OCT angiographic findings of fully resolved
myopic FRD in the surgical group. The secondary outcomes
were long-term final postoperative BCVA in the surgical
group and its correlation with SD-OCT and angiography
findings.

3. Results

A total of five eyes of five patients were enrolled in the
study, including one normal emmetropic eye and one healthy
highly myopic eye as controls (Figure 1), and three
structurally fully resolved myopic FRD eyes (Figure 2)
followed during a long-term postoperative period (mean
follow-up time 59.3 months). The mean age of the participants
was 53.3 (range: 46—68) years, and all were women. The
patients’ general and demographic data stratified by study and
control groups are shown in Table 1.
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Figure 1. Normal emmetropic and myopic control eyes.

A normal SD-OCT crossline in an emmetropic eye; the red
dots indicate intraretinal vascular structures and choriocapillaris
vascular flow (Figure 1 A, 1 Al). Superficial and deep normal
vascular plexus are shown (Figures 1 A, 1 A3). The foveal
avascular zone is regular and normal in size (Figure 1 A4). B.
SD-OCT horizontal B-scan of a healthy myopic eye; the green
line indicates a segmentation line between the inner and outer
retina. A normal en-face image is depicted (Figure 1 B1). Normal

SVP and DVP (Figures 1 B2, 1 B3). Corresponding large but
normal superficial FAZ in a healthy myopic eye (Figure 1B4).
Normal SD-OCT, with red dots representing intraretinal vascular
structures and choriocapillaris vascular flow, corresponding
horizontal SD-OCT B-scan with green and red segmentation
lines depicting a normal retina surface and well-delineated inner
and outer retina layer with well-defined outer retina layers
biomarkers (Figure 1 BS).
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Figure 2. Three surgical cases.

Preoperative SD-OCT image of myopic FRD in a very
symptomatic highly myopic 49-year-old patient with an axial
length of 31.66 mm (Figure 2 A). Corresponding long-term
postoperative crossline SD-OCT showing some areas of
extrafoveal chorioretinal atrophy, diffuse retinal thinning,
some DONFL in the horizontal view and posterior hyaloidal
remnants on the vertical view (Figures 2 Al and A2). Figure
A3 superficial vascular plexus (SVP) showing irregular and
deficient vascular flow qualified lower than normal average
pattern. A4 shows a postoperative large and irregular foveal
avascular zone (FAZ). A5 shows that horizontal SD-OCT
reveals a complete resolution of the foveal FRD; green and red
segmentation lines depict diffuse retinal thinning of the inner
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retinal layers. There is some residual schisis on the nasal side,
lack of red dots due to vessels deficiencies in the superficial
layers and deep red dots consistent with choriocapillaris
circulation. Preoperative image shows the OCT horizontal
view of a very symptomatic 65-year-old woman with 12
months of loss of vision and severe metamorphopsia on the
right eye, there is a very complex submacular foveoretinal
detachment (FRD), schisis-like retinal thickening with schisis
in the inner nuclear layer on the nasal aspect of the fovea, the
external biomarkers such as ellipsoid zone and external
limiting membrane are severely disrupted (Figure 2 B).
postoperative SD-OCT crossline with a complete resolution of
the FRD and some DONFL defects (Figure 2 B1, B2). SVP
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shows vascular deficiencies (Figure 2 B3). The FAZ looks
quite enlarged and irregular in shape (Figure 2 B4). Long-term
SD-OCT with residuals of posterior hyaloid tissue (Figure 2
B5). Preoperative horizontal B-scans of a symptomatic highly
myopic eye of a 46-year-old female patient with a very
complex myopic foveoretinal detachment and severe altered
outer retinal layers, there is abundant amount of intraretinal
middle layer fluid within the schisis cavities, axial length of
28.70 mm (Figure 2 C). Postoperative crossline SD OCT with
anormal profile (Figures 2 C1 and C2). After an uneventful
macular surgery, the SVP showed qualitative deficiencies
according to the ETDRS-like sectors grid overlay (Figure 2
C3) with an irregularly large FAZ (Figure 2 C4). The last
SD-OCT depicts a nice postoperative foveal profile with some
inner retinal thinning on the nasal side (Figure 2 C5).

3.1. Statistical Structural Results

The mean preoperative evolution time of FRD was 6.64 +
3.68 months. The mean postoperative time for myopic FRD
resolution was 4.6 + 1.98 weeks. Surgical intervention
resulted in a significant improvement from preoperative
BCVA (M=0.8801+0.1485 logMAR) to postoperative BCVA
(M=0.3614 + 0.2043 logMAR; permutation P < 0.001). [24]

To determine whether surgical outcomes were associated
with the macular alterations observed on OCT, the
postoperative BCVA was compared between three eyes with
abnormal OCT and two eyes with normal OCT evaluation. A
one-sided permutation test [25] revealed strong statistical
evidence (P=0.00245) for the difference in BCVA between
those with abnormal OCT and those with normal OCT, with
significantly higher BCVA (M=0.4446 + 0.18 69 logMAR) in
the abnormal group than in eyes with normal OCT.

3.2. Structural and Qualitative Perfusion Results

The structural and functional findings were analyzed and
interpreted by two co-authors (who were masked to avoid
bias). Cases 1 and 2 developed localized mild extrafoveal
retinal pigment epithelial (RPE) atrophy. The OCT changes in
these cases (Figure 2) were consistent with the damage
observed in the outer retinal layers and disruption of the
photoreceptors. These changes were demonstrated by loss of
regularity of IS/OS (ellipsoid zone) and external limiting
membrane SD-OCT biomarkers with some degree of irregular
and atrophic RPE healing. The perfusion evaluation showed
different degrees of perfusion abnormalities at the level of
superficial and deep vascular plexuses characterized by a
lower-than-normal  qualitative =~ VD  evaluation  with
enlargement and irregularities of the FAZ and moderately
abnormal choriocapillaris flow patterns considered lower than
normal (control and postoperative SD-OCT and OCT
angiographic findings are summarized in Table 1).

4. Three Relevant Surgical Cases
4.1. Surgical Case 1

A 49-year-Old symptomatic woman complained of

metamorphopsia and progressive visual loss in her right eye
for 7 months. Her preoperative right eye visual acuity was
20/160 (logMAR 0.90) with a refractive defect of
-24+3.00x70 and applanation ocular tension of 10 mmHg.
The right eye had an axial length of 31.66 mm with PS and
myopic FRD. Preoperative SD-OCT findings were consistent
with ERM proliferation, schisis-like macular thickening, and a
remarkable quantity of central subretinal macular fluid with
disruption of the outer biomarkers on SD-OCT (Figure 2 A).
Macular surgery was performed using the fovea sparing ILM
peeling technique. Because of the refractory myopic FRD and
increased foveal symptomatology, she underwent a second
procedure employing macular surgical revision using a BBG
dye as an adjuvant to identify ILM remnants, air-fluid
exchange, and a non-expandable 15% perfluoropropane gas
mixture. Finally, long-term, postoperative crossline SD-OCT
evaluation without evidence of residual macular epiretinal
membrane was observed on the superficial aspect of the
macula (Figure 2 Al, 2 A2). After a 65-month follow-up, the
foveomacular region remained attached, with a final BCVA of
20/40 (logMAR 0.30 equivalent); the SVP was defined as
lower than normal (Figure 2 A3) with an abnormally irregular
FAZ (Figure 2 A4). There was diffuse retinal thinning with a
small amount of SRF on the nasal side and some intraretinal
vascular deficiencies (Figure 2 AS).

4.2. Surgical Case 2

A 65-year-old symptomatic woman presented with
aggravated metamorphopsia, a progressive decline in central
vision, and high myopia. She had PS in both eyes. The right
eye, with an axial length of 30.62 mm underwent macular
surgery because of a 12-month history of symptomatic FRD
(Figure 2 C). The preoperative BCVA was 20/100 (logMAR
0.70); this eye underwent a 25-G pars plana vitrectomy with
a fovea-sparing ILM peeling technique. Fluid-air gas
exchange was performed using 15% C3F8 tamponade. After
an 89-month longitudinal follow-up, autofluorescence
imaging of the operated eye revealed only fine and very mild
foveocentral pigment mottling, evidence of fovea-sparing
ILM and faint localized central autofluorescence due to RPE
thinning. Postoperative BCVA was 20/25 (logMAR 0.10),
with no evidence of recurrent myopic FRD or progression to
MH on the different postoperative SD-OCT crossline
horizontal and vertical evaluations (Figure 2 C1, 2 C2). The
SVP flow pattern showed some vascular deficiencies
considered as lower than normal (Figure 2 C3) with a
corresponding FAZ appearing enlarged and irregular in shape
(Figure 2 C4); the corresponding postoperative
choriocapillaris flow pattern was abnormal. The long-term
postoperative SD-OCT horizontal evaluation scan showed
diffuse thinning of the inner retinal layer corresponding to the
irregular reduced flow area and some posterior hyaloidal
remnants (Figure 2 C5).

4.3. Surgical Case 3

A 46-year-old woman with 3 months of persistent,
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bothersome, and disabling metamorphopsia, high myopia, and
PS underwent 25-G three-port pars plana vitrectomy and
macular surgery on the phakic right eye for myopic FRD
(Figure 2 C). The patient underwent uneventful macular
surgery comprising BBG dye-assisted fovea-sparing ILM
peeling technique and a 15% C3F8 long-acting
non-expandable gas tamponade. The preoperative BCVA was
20/200 (logMAR 1.00), with PS and an axial length of 28.70
mm. After a 24-month follow-up, the final postoperative
BCVA was 20/25 (logMAR 0.10). This eye developed mild
media lens-induced opacity and mild peripapillary pigment
atrophy without evidence of foveal RPE alteration with some
superficial DONFL defects in the en-face SD-OCT crossline
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long-term postoperative structural evaluation. Uneventful
cataract extraction with in-the-bag lens implantation (Figure 2
C1 and 2 C2) was performed. Long-term macular perfusion
evaluation revealed an SVP flow pattern with qualitative
perfusion deficiencies considered lower than normal mainly
inferior to the fovea (Figure 2 C3) and an enlarged and
irregular qualitatively abnormal FAZ (Figure 2 C4). The
corresponding long-term postoperative SD-OCT structural
evaluation revealed a normal OCT profile with thinning of the
inner retinal layer, predominantly on the inferotemporal side
(Figure 2 C5).

A summary of the preoperative and postoperative structural
and functional findings of the three eyes are presented in Table 1.

Table 1. Summary of preoperative and postoperative structural, functional and perfusion (OCT angiography) findings.

Findings in study group:

CASE 1 (49 F)

CASE 2 (65 F)

CASE 3 46 F)

Observations

Evolution of FRD 7 months 12 months 3 months Mean 7.3 months
Follow-up 65 months 89 months 24 months Mean 59.3 months
Preoperative BCVA LogMAR 0.90 (20/160) LogMAR 0.70 (20/100) LogMAR 1.00 (20/200)
Postoperative BCVA LogMAR 0.30 (20/40) LogMAR 0.10 (20/25) LogMAR 0.10 (20/25) P<0.0001
Preoperative SD-OCT FRD+foveoschisistMER FRD+foveoschisistMER FRD All symptomatic FRDs
Axial length 31.66 mm 30.62 mm 28.70 mm
Findings in control groups
Emmetropic patient (54 M)  20/20 Axial length 22.2 mm Normal SD-OCT Normal OCT angiography
Normal myopic eye (59 F) BCVA 20/20 Axial length 29.82 mm  Normal SD-OCT Normal OCT angiography
POSOPERATIVE ESTRUCTURAL EVALUATION (study eyes)
SS and SD-OCT:
CSFT Less than 220 um Less than 210 pm Up to 220 um Irregular CSFT
Foveal contour Abnormal Abnormal Recovered and normal OCT profile
ERM Mild, inferotemporal to the fovea No No residuals
Residual SRF Residual nasal to fovea No No Non-symptomatic
Residual foveoschisis Nasal and extrafoveal No No Denied additional surgery
IS/OS (subfoveal ellipsoid) ~ Moderate disruption Mild disruption Recovered In a long-term OCT evaluation
RPE status Mild central atrophy Faint central atrophy Preserved RPE thinning

. s . Mild dimples on En-face  Quite evident in the three
DONFL (dimples) Mild dimples Isolated dimples OCT cases
LONG-TERM POSTOPERATIVE MACULAR PERFUSIONAL EVALUATION STATUS
OCT angiography:
Superficial FAZ Enlarged, irregular Enlarged, irregular abnormal
SVP pattern lower lower lower
DVP pattern lower lower Normal
Choriocapillaris flow pattern Reduced Reduced Normal

5. Discussion

MF and myopic FRD may be responsible for slowly
progressive visual loss and severe visual disturbances in MTM
eyes at the subclinical and clinical levels, respectively. Our
OCT angiography perfusion findings revealed structural and
perfusion phenotypes in a sample of three surgically resolved
myopic FRD eyes with MTM. The obtained morphological,
structural, and vascular perfusion measurements suggest the
perfusion mechanisms underlying MTM.

Increased VD reflecting compensatory recalibration of
perfusion might offer protective effects in eyes with MF and
prevent progression to more advanced stages of myopic FRD
[26] with some hypothetical absence of structural
consequences. Our study suggests that symptomatic highly
myopic patients in the early stages of MTM might benefit
from a timely, well-planned, non-complicated macular surgery

with an elevated incidence of myopic FRD resolution
preferably achieved with a modified foveocentral-saving ILM
technique to reduce the risk and progression to more advanced
stages of MTM [27, 28].

Wang et al. [26] described a possible compensatory
autoregulatory mechanism in the choroidal perfusion support,
which is demonstrated by increased VD in the choroid
capillary layer that may assist in maintaining the MF and
prevent its progression to FRD. Previously, only lower
macular sensitivity detected with microperimetry was
reported in highly myopic eyes without detachment,
suggesting the use of this functional technique for longitudinal
surveillance of the retina to predict myopic pathology before
the loss of vision [29].

In our study, we were unable to confirm this compensatory
incremental choroidal VD finding at the SVP, DCP, or the
choroidal capillary layer. We observed decreased choroidal
perfusion in myopic eyes in accordance with the report by
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Al-Sheikh et al. [30], and enhanced depth imaging OCT
revealed choroidal thinning in the macular region as an
age-related degenerative change described in high myopia [31,
32, 33]. We hypothesized that in the early stages of MTM,
decreased subfoveal choroidal thickness may precede the
development of retinoschisis. However, in this study, we did
not directly measure or quantify subfoveal choroidal thickness.
Poor choroidal support of Miiller cells and consequent
development of elongated fibrils may also contribute to the
development of myopic retinoschisis [26].

Some studies have described the role of Miiller cell
integrity in traction maculopathies because MTM is a
pathology of Miiller cell cones that involves both inner
tractions from the ILM and outer stretch forces from the
posterior staphyloma, according to Wang et al. [26].
Retinoschisis is associated with substantial structural changes
in Miiller cells [33]. Increases in the sizes of cavities and
associated alterations in mechanical stretch forces may
damage Miiller cells and impair their function [34], mediating
visual impairment in eyes with early-stage MTM.

Some surgical results indicated that reorientation of the
abnormal architecture of the Miiller cell fibrils by releasing
traction and resolving the internal/external MF and flattening
the myopic FRD is of paramount importance for improving or
restoring visual acuity in eyes during the early stages of MTM.
As the foveal ILM is a component of the foveal Miiller cell
fibril, its surgical preservation may prevent further
progression to more advanced stages of MTM [27, 28, 35].

The reduced visual acuity associated with the early stages of
MTM is assumed to be the result of foveal distortion rather than
disruption of photoreceptors in MF as well as due to
photoreceptor disruption and chronic photoreceptor separation
from the RPE in myopic FRD. This is because of the presence of
chronic subretinal fluid with a loss of nourishment accompanied
by the consequent photoreceptor damage in myopic FRD; we
observed it to be related to the loss of the EZ integrity seen in the
preoperative and postoperative structural SD-OCT evaluation
that was not found in the healthy highly myopic control eye.

Therefore, care should be taken to avoid diminishing
choroidal perfusion (as reflected in VD) in eyes at an
advanced stage of MTM (such as MH and MHRD) by
surgeries (e.g., macular buckling) that result in the
compression of the choroid and reduction in choroidal
perfusion [26]. FAZ distortion and enlargement have been
reported to contribute to decreased VD in MF. Visual acuity
deficits arising due to myopic FRD should be corrected by
removing the mechanical stretching forces, for example, by
peeling off the epiretinal membrane, posterior hyaloid, and
parafoveolar ILM. Unlike the study by Wang et al. [26], we
did not establish associations between BCVA and quality of
macular perfusion in the SVP and the choroid capillary layer
in the fully resolved myopic FRD due to MTM at the end of
follow-up, or in the healthy highly myopic eye, suggesting
that choroidal thickness itself may not directly affect vision.

In a large case series [13], Panozzo and Mercanti concluded
that surgical resolution of vitreoretinal traction during the early
stages of FRD would enable re-flattening of the macula center,

thereby preventing the development of a full-thickness MH and
emphasizing the high prevalence of ERMs in highly myopic eyes
with MF and FRD; however, this large case series lacked both
quality perfusion evaluation and also qualitative evaluation by
means of fluorescein angiography; therefore, at the time of the
writing of this manuscript, only the mechanical tractional
alteration had been hypothesized without addressing the role of
possible macular and choroidal perfusion abnormalities.
Choroidal perfusion support, which is indicated by increased VD
in the choroid capillary layer, may help maintain a stable MF
with a low rate of MTM progression and prevent FRD formation
[26]. Al-Sheikh et al. [30] suggested that decreased choroidal
perfusion and a lower VD flow pattern quality in myopic eyes
with a reduced whole-macular VD pattern can be attributed to the
mechanical stretch forces caused by the elongation of the eyeball.

Quantitatively, VD evaluations of macular microcirculation
are of paramount clinical importance, because even mild
changes in microcirculation could lead to pathological changes
with impact on vision quality [36]. Small vessel changes with
lower VD values have been identified in multiple retinal
vascular diseases, including diabetic retinopathy, macular
telangiectasia, and radiation retinopathy [37-39].

In this study, owing to the reliability and reproducibility of
OCT angiography perfusion testing, we were able to report
comprehensive qualitative OCT angiographic evaluation
findings. Therefore, we report novel findings regarding
associations between normal range vessel changes not only in
normal emmetropic and healthy highly myopic eyes, but also
in eyes with a fully surgically resolved myopic FRD. Our
results indicate non-significant clinical differences in macular
perfusion between the normal control eyes; however, we did
observe significant perfusion differences in the qualitative VD
evaluations in the eyes post-surgery. VD evaluations of
macular microcirculation revealed highly significant clinical
differences between healthy eyes and surgically resolved
myopic FRD eyes. Together, these findings suggest that there
is a relationship between tractional and perfusion mechanisms,
although establishing causality might prove difficult at this
stage of research.

Similar to You et al. [40], we observed that the qualitative
impressions of paracentral subfields were not affected by the
FAZ and that FAZ had less effect on the evaluation of the whole
macular area. This result caused us to conclude that the
qualitative evaluation needs to be complemented with
quantitative evaluation of macular VD in the paracentral
macular area in order to be reliable for assessing the vascular
whole macular area. Recently, Peng et al. [41] also speculated
that the resolution of myopic FRD after foveal-sparing ILM
removal technique was driven by upregulated local cytokine
production, thereby implicating the vascular microenvironment
at that fundamental level together with alterations in the
permeability of the microcirculation in patients with MTM. Our
study provides insights into the early stages of MTM, indicating
that in its tractional pathogenesis, there are also contributory
factors at the microcirculatory level.
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6. Conclusion

The OCT angiography is a relatively new approach to detect
flow alterations and perfusion abnormalities in the myopic
macula, prior to the appearance of structurally or clinically
changes allowing the clinicians to improve patient care by
earlier detection and better planned intervention. We think our
findings will likely generalize to other angio OCT systems. In
addition, larger scan patterns are required to adequately
quantify macular perfusion indices deficits in myopic FRD,
and this problem will be solved in time by technology. The
results revealed postoperative microstructural abnormalities
on SD-OCT with VD qualitative deficiencies in the superficial
vascular complex of the macula with FAZ abnormalities in
surgically resolved myopic FRD traction maculopathy.

7. Recommendation

We acknowledge the limitations of our case series report,
including the relatively small number of eyes, which limits the
statistical power of the study that would allow us to detect
associations between visual acuity and VD measurements.

Our study also lacked quantitative and critical statistical
evaluations. This was primarily related to the strict exclusion
criteria we applied to limit our study of successful surgery eyes
with early stages of MTM in a long-term assessment. The study
also lacks serial data and longitudinal analysis. Nevertheless,
the study has the benefits of combining SD-OCT and OCT
angiography evaluation with the examination of qualitative
perfusion phenotypes. Given the lack of OCT angiography data
in published studies on perfused macular assessment in the
early stages of MTM and postoperative perfusion status of the
macula in highly myopic eyes, we anticipate that these data will
be of interest in the field.

Further investigations, including histopathologic studies, with
appropriate quantitative evaluations, are required to confirm the
role of perfusion macular mechanisms in the pathogenesis of
MEF/FRD due to MTM. These studies would aid in elucidating
the role of microvascular perfusion mechanisms in maintaining
Miiller cell integrity in traction maculopathies. MTM is a
pathology of Miiller cell cones that involves both inner traction
from the ILM and outer stretch forces from the posterior
staphyloma. Therefore, in-depth research on the perfusion
mechanisms is required in the future, preferably by combining
quantitative  perfusion  measurement techniques and
histopathologic studies within a longitudinal framework in
individual patients as well as larger synthetic group trajectories.
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