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Abstract

Purpose: To examine the structural, functional, and perfusion immediate 
outcomes and long-term correlated follow-up perfusional outcomes in surgical 
patients at different stages of myopic traction maculopathy (MTM).

Methods: We performed a retrospective, comparative, interventional, 
one-surgeon, case-control study in 6 eyes of 6 patients enrolled between May 
2018 and December 2021. Three groups of eyes were examined: one normal 
emmetropic eye (Control emmetropia), one healthy myopic eye (Control high 
myopia), and 4 operated and structurally fully resolved myopic eyes with different 
stages of MTM (Surgically treated group). Long-term follow-up postoperative 
functional and perfusion evaluations were performed with spectral domain-
optical coherence tomography (SD-OCT) and OCT angiography.

Results: Six eyes of 6 patients were included in the study. In the surgical group 
the stage distribution was one eye at each stage of myopic traction maculopathy. 
The preoperative BCVA was 1.29±0.54 logMAR, and the postoperative BCVA 
was 0.60±0.52 logMAR (P<0.05), the axial length was 30.49±1.87 mm with a 
mean time to surgery of 19.3±16.21 months. The difference in perfusion indices 
across groups was statistically significant (p<0.005).

Conclusion: Better functional, structural and perfusion indices outcomes 
were observed when highly myopic eyes underwent surgery early. Due to the 
risk of developing irreversible vision loss when undergoing surgery in late stages 
of this condition, longitudinal fellow-eye structural and perfusional evaluation is 
advised to detect early stages of MTM and make a suitable surgical decision to 
optimize the visual outcomes.

Keywords: Choriocapillaris flow; Deep vascular plexus; High myopia; 
Foveal avascular zone; Myopic macular degeneration; Macular hole; Macular 
hole associated retinal detachment; Superficial vascular plexus; Vessel density
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Introduction
High myopia is defined as myopia with at least -6.0 diopters of 

refractive error or axial length over 26.5mm. Characteristic features 
include Bruch’s membrane ruptures, retinal atrophy, and sclerotic 
thinning. Complicating factors include the presence of posterior 
staphyloma and schisis-like thickening of the macula [1]. When 
the Henle nerve fiber layer is elongated in high-myopic eyes with 
staphyloma, it is referred to as myopic traction maculopathy (MTM), 
or myopic foveoschisis (MF) [2,3]. Epidemiological studies have 
documented a startling increase in prevalence of myopia in the last 
40 years. For example, East and Southeast Asia have seen prevalence 
estimates rise from a stable 10-30% before the 1960s to 80-90% as of 
2013, with 10-20% meeting criteria for high myopia [4]. In the United 
States, the prevalence of myopia has statistically increased over a 
30-year period to 42% by 2004, with 2% with a spherical equivalent 
</= -7.9 diopters. Even in countries where vision problems and 
blindness are not highly prevalent, like in Japan, pathological 
myopia is nonetheless the leading cause for monocular cases [5]. 
Sociodemographic factors contribute to the risk substantially, with 
female sex, urban dwelling, and higher education identified as risk 
factors for myopia [6]. Similar demographic differences can be found 

in experimental study samples [7,8].

Scleral alterations have been proposed as the driving force of 
posterior segment pathologies. Scleral thinning and localized ectasia 
from a reduction in the thickness of individual collagen fibers has 
been observed in myopic eyes [9,10]. MF is a relatively new term, 
which was first described by Panozzo and Mercanti [7] using optical 
coherence tomography (OCT) in terms of subtle macular changes, 
such as epiretinal membrane (ERM), vitreomacular traction (VMT), 
macular or foveal retinoschisis, retinal thickening, a partial-or full-
thickness macular hole (MH) with or without retinal detachment. 
These scleral pathological alterations and subsequent increase in axial 
length may contribute to foveomacular retinoschisis that exacerbates 
pre-existing VMT. The VMTs are considered to be the sources of 
traction-related vitreoretinal interface abnormalities, such as ERMs, 
posterior cortex hyaloid remnants, and retinal vessel rigidity [2].

Parolini et al. [11,12] proposed a staging MTM evolution 
classification that describes four MTM retinal stages (labeled 1 
to 4) and three foveal stages (labeled a to c). Retinal detachment 
is associated with foveal stages 3 and 4. Parolini et al.’s staging 
classification correlates with loss of visual acuity (best-corrected 
visual acuity, BCVA) [12]. Pathological significance of MTM is 
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important to determine when to surgically treat these patients [13]. 
MF, as the earliest stage of MTM, is defined as a tractional elongation 
of the Henle nerve fiber layer and is present in approximately 9-34% 
of patients with pathological myopia [7,14,15]. The natural evolution 
of highly myopic eyes with macular or foveal retinoschisis and foveal 
retinal detachment (FRD) is the development of macular holes or 
MH [16-18].

In some patients, early-stage MTM remains stable for several years. 
However, in others it progresses to FRD and MH with subsequent 
visual impairment [2]. MF pathogenesis is not well understood, but 
tractional forces, when combined with staphyloma, appear to be the 
important contributors [19]. The proposed mechanism of action is 
that eyeball elongation causes increased axial traction, which causes 
stretching within the posterior retina. More rigid internal limiting 
membrane (ILM) and retinal vessels may contribute to damage. 
Furthermore, all these degenerative changes may occur within the 
context of posterior staphyloma [20,21].

Current treatment options for MTM are largely limited to pars 
plana vitrectomy (with modified fovea saved ILM or without ILM 
peeling and tamponade with silicone oil or gas) and macular buckling 
[13,22-25]. Vitrectomy, with the release of vitreoretinal traction, 
yields good results and visual recovery. Even so, some patients 
require multiple interventions to achieve anatomic and functional 
success. Early stage symptomatic MTM, such as MF, may progress 
to myopic FRD, a partial-thickness MH and/or a full-thickness MH 
without retinal detachment, and rhegmatogenous retinal detachment 
with a full-thickness MH (MHRD) within the natural course of the 
disease. [2,13].

The most successful management strategy is highly dependent on 
the accurate identification of the MTM stage, with early stages being the 
most tractable. However, experts disagree as to what stage represents 
the best time to perform macular surgery. Until now, there have been 
different surgical indications with variable anatomic and functional 
results [8,23,26,27]. Recently, qualitative and quantitative perfusional 
evaluation of vessel density (VD) and choriocapillaris flow patterns 
at the macular level has elucidated the evaluation and management 
of different macular pathologies [28-31]. The present study aims to 
contribute to the sparse published data on macular perfusion, VD, 
and choriocapillaris flow (perfusion indices) in different stages of 
successfully operated MTM compared to normal control subjects. 
We compared the indices of macular microcirculation in a normal 
emmetropic eye (Figure 1A to 1A3), normal myopic eye (Figure 1B to 
1B2), and operated eyes in which the different stages of MTM resolved 
completely after macular surgery and minimized confounding 
variables with careful participant selection and matching.

The aim of this study was to comparatively evaluate the structural, 
functional, and perfusion immediate findings in normal control eyes 
with the long-term postoperative correlated follow-up perfusion 
outcomes in successfully resolved eyes at four different stages of 
symptomatic MTM.

Patients and Methods
Study design and patient selection

The manuscript reports on a retrospective analysis of medical 
records data obtained from the Retina Service at the Institute of 

Ophthalmology Conde de Valenciana Foundation in Mexico City 
between May 2018 and December 2021. Study protocol was approved 
by IRB of the facility; no approval was required for retrospective 
studies by this institution. Patients provided written informed 
consent for their data to be used for research purposes, consistent 
with standard institutional guidelines. Data included in the study are 
available from the Imagenology Laboratory at the retina department 
of the institution upon request.

Data for the surgery group was obtained from consecutively 
enrolled selected patients who underwent vitrectomy using different 
ILM surgical techniques for symptomatic MTM. Surgery was 
successful and uncomplicated in all cases.

The respective inclusion criteria were as follow: A normal 
emmetropic eye used as control eye, without previous disease history, 
BCVA of 20/20, normal Intraocular pressure and no structural 
abnormalities on the SD-OCT evaluation. A healthy highly myopic 
eye without clinical or tomographic evidence of MTM. The surgery 
group was composed of 4 patients, one eye at each stage of MTM: one 
eye at stage 1 exhibiting MF with macular thickening due to internal 
or external foveoschisis; Column-like formations are observed 
across the hypo-reflective space, as indicated by Benhamou et al. 
[32]. One eye at stage 2 with evidence of FRD as a main structural 
tomographic characteristic. One eye at stage 3 with evidence of a 
partial-or full-thickness MH but without tomographic evidence of 
macular detachment per se. and one eye at stage 4 with posterior 
pole rhegmatogenous retinal detachment associated with an MH, i.e., 
MHRD Eye.

The six study eyes were loosely matched on sociodemographic 
characteristics (i.e., age, age) as well as clinical and associated variables 
(e.g., study period or duration of follow-up). Eyes included in the study 
data did not receive intravitreal injections or laser photocoagulation 
treatments before or during the analyzed timeframe. 

Patient evaluations were performed using the standardized 
evaluation protocol. Post operated eyes were followed up for more 
than six months and examined between four and twelve months until 
the last follow-up evaluation. 

Ocular examinations
All patients underwent standard general ophthalmic and 

preoperative evaluations. These included BCVA; Amsler grid test; 
slit lamp biomicroscopic examination. We also performed a detailed 
fundus evaluation using a panfundoscopic contact lens and indirect 
ophthalmoscopy. Preoperative and postoperative Image acquisition 
was performed using a SD-OCT (RTVue-XR platform SD-OCT; 
Optovue, Inc., Fremont, CA, USA) and swept-source DRC (OCT 
Triton device, Topcon Medical Systems, Inc., Oakland, CA, USA). 
Cross-sectional images of the macular region were acquired in the 
horizontal plane through the foveal center. Axial lengths were 
evaluated using partial coherence laser interferometry (Zeiss IOL 
Master 700; Carl Zeiss Meditec AG, Oberkochen, Germany). Posterior 
staphyloma was confirmed using 2D B-scan ultrasonography 
(B-USG; US A and B, Quantel Medical, Du Bois Loli, Auvergne, 
France). Indirect ophthalmoscopy was also used to aid the diagnosis.

The BCVA in Snellen unit was converted to logMAR units using 
standard formulas. 
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We performed postoperative perfusion and quantitative VD 
and choroidal flow evaluations using an OCT angiography device 
(RTVue XR OCT Avanti with AngioVue Software; OptoVue, Inc., 
Fremont, CA, USA). It uses a specialized split-spectrum amplitude-
decorrelation angiography software algorithm and acquires 70,000 
A-scans/s to compose OCT angiography volumes consisting of 304 
× 304 A-scans, achieving high axial resolution at depths of up to 
5μm and minimizing motion artifacts. Each OCT angiography cube 
scan is comprised of 304 × 304 A-scans within a 3mm × 3mm square 
centered on the fovea, which yields 304 B-scans. Each B-scan output 
displayed an average of at least two individual scans. We used default 
retinal imaging settings and built-in projection artifact removal tools 
to perform image adjustment and segmentation. Segmentation for 
superficial vascular plexus (SVP), deep vascular plexus (DVP), outer 
retina layer, and choriocapillaris subfoveal plexus slabs (CSP) was 
performed in the AngioVue software. Imaging data were interpreted 
by an independent analyst. Scan quality was evaluated using the 
standard signal strength index (SSI) provided by the software: only 
scans with an SSI of > 46 were included.

The foveal avascular zone (FAZ) area in the SVP slab was evaluated 
by analyzing images saved as PNG files in the AngioVue system. 
Each FAZ area was automatically outlined following AngioAnalytics 
with angiometrics in the AngioVue software system to facilitate the 
measurements. Projection artifacts were automatically excluded 
with digital outlining of the FAZ in the SVP; the superficial FAZ 
area was quantitatively calculated. A built-in tool in the AngioVue 
system measured the VD [33,34], and a quantitative evaluation of 
the SVP and DVP at different subregion of the macula was then 
performed. VD and flow/perfusion indices were obtained using four 
en-face slabs of the retina. Perfusion indices were calculated as the 
proportion of the vessels area with blood flow over the cumulative 
area measured. Whole-macula VD and CSP area were calculated as 
density values within a 3mm×3mm square and a 1mm in diameter 
circle automatically selected by the algorithm in the foveal area, 
respectively.

Surgical procedures
In the surgical cases, a standard 25-gauge three-port pars plana 

vitrectomy was performed under local anesthesia plus general 
sedation. Eyes included in this study had an axial length of >26.5mm. 
Eyes had no evidence of A3 (patchy foveal-affected chorioretinal 
atrophy), A2 (diffuse macular chorioretinal atrophy), or myopic 
choroidal neovascularization, according to the ATN grading 
and classification system [35]. MTM staging was verified using 
spectral-domain OCT (SD-OCT) findings. Only eyes with posterior 
staphyloma determined by fundus examination and by B-scan 
ultrasonography were included. Surgeries were performed by the 
same surgeon (MAQR) with the adopted homogenized inclusion and 
exclusion criteria. All patients completed a postoperative follow-up 
period of at least six months to be included in the statistical analysis. 

Surgical techniques performed in these patients are described in 
detail in a previous publication [36]. In brief, a set of modified ILM 
peeling techniques were used, including classical ILM removal in 
MF, foveal-sparing ILM in FRD and the inverted-flap ILM peeling 
technique in cases of MH and MHRD. All of these techniques were 
performed using a 25-gauge vitrectomy cut and suction instrument 

(Alcon Constellation Vision System); 25-gauge diamond-dusted 
membrane scraper; 25-gauge 0.44 forceps (Grieshaber Revolution 
DSP ILM forceps, Alcon Labs, Fort Worth, TX). ILM flap 
manipulation was facilitated by the use of a 25-gauge Finesse ILM 
flex loop microinstrument (Grieshaber, Alcon Labs).

Statistical analysis
Data were entered and processed in Microsoft Excel. For 

analysis, data were transferred to GraphPad Prism version 8.2.1 and 
SPSS for Windows version 28. Data were assessed for normality of 
distributions. Statistical tests were chosen based on data normality: 
i.e., One-Way Analysis of Variance (ANOVA) and the Kruskal Wallis 
test were chosen for parametric non-parametric analysis, respectively. 
Spearman correlation test was used to compare perfusion indices 
with the final visual outcome. Wilcoxon matched signed-rank test 
was used to compare preoperative and postoperative BCVA values 
in the surgical group (logMAR). For functional evaluations among 
stages and surgical variants, only the final postoperative BCVA was 
included in the statistical analysis. P-values of <0.05 were considered 
statistically significant.

Results
General outcome

In stage 1 (MF) eye, after surgery no evidence of MF, FRD or 
macular hole was found. The post-operative BCVA (0.48 logMAR) 
was statistically significantly better at follow-up, when compared 
with the pre-operative BCVA (0.70 logMAR) Table 1 and 2. In stage 
2 (FRD) eye, the preoperative and post-operative BCVA were 1.00 
logMAR and 0.30 logMAR, respectively, which differed significantly 
(P < 0.001). In stage 3 (MH) eye, the preoperative and post-operative 
BCVA was 1.60 logMAR, and 0.48 logMAR, respectively, which 
differed significantly (P < 0.001). In the stage 4 (MHRD) eye, the 
preoperative and post-operative BCVA was 2.00 logMAR, and 0.60 
logMAR, respectively, which differed significantly (P < 0.001).

Post-operative BCVA values in surgically treated groups were 
significantly lower, compared to the emmetropic control groups (p 
< 0.0001) (Table 3). Stage two diseases ended up with better BCVA 
when compared to other three stages (P < 0.0001).

Structural, functional and perfusion analysis among eyes
A microstructural analysis of the SD-OCT findings was conducted 

based on the International Nomenclature for Optical Coherence 
Tomography (IN•OCT) Panel recommendations [37]. Results of the 

Study groups Age
Preoperative 

BCVA (logMAR 
units)

Axial 
length 
(mm)

Post-operative 
follow-up 
months

Control emmetropic 
eye 54 0 20.53 -

Control myopic eye 62 0 29.45 -

Surgical group (n = 4)     

Stage 1 55 0.7 31.54 15

Stage 2 52 1 30.38 17

Stage 3 63 1.6 30.1 15

Stage 4 59 2 29.94 30

p-value 0.012 <0.0001 <0.0001 >0.05

Table 1: Patients’ demographic data and pre-operative clinical characteristics.

BCVA: Best-Corrected Visual Acuity.



J Ophthalmol & Vis Sci 7(1): id1062 (2022)  - Page - 04

Quiroz-Reyes MA Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

perfusion, structural and functional outcomes across different stages 
of the diseases are summarized in the Table 2. Briefly, the superficial 
FAZ area, in the control emmetropic eye was significantly smaller 
when compared with all other eyes (p < 0.0001). The superficial 
foveal VD in the emmetropic eye differed only from Stage 3 and 4 
of the disease (p < 0.0001). Deep foveal VD differed only between 
emmetropic eye and stage 3 disease eye (p = 0.0058). CSP flow area 
was significantly larger in the emmetropic group (p < 0.0001).

Decreased superficial foveal VD correlated with poor visual 
outcome in stage 4 disease eye (p = 0.014). Similarly, smaller CSP 
flow area was associated with poorer visual outcome (p = 0.048) in 
stage 3 disease eye. Also, CSFT tended to correlate negatively with the 
final BCVA as shown in Table 3. Preoperative and final BCVA values 
stratified by stage are compared in Table 4, which shows that final 
visual acuities were significantly better across all the study variables.

Surgical cases
Surgical case 1: A 55-year-old symptomatic woman presented 

with complaints of metamorphopsia and progressive visual loss 
in her right eye. The visual loss occurred over the period of seven 
months. Preoperative right eye visual acuity was 20/100 (logMAR 
0.70); refractive defect of -20+2.00 × 170; applanation ocular tension 
11mmHg. The right eye had an axial length of 31.54mm with PS. 
Preoperative high-definition SD-OCT findings were consistent with 
schisis-like macular thickening, and absence of central subretinal 
macular fluid (Figure 2A). We performed macular surgery using the 
classical ILM peeling technique with BBG dye as an adjuvant, air-
fluid exchange, and a non-expandable 15% perfluoropropane gas. 
After a 15-month follow-up, the foveomacular region remained 
attached (Figure 2B-2E), with a final BCVA of 20/60 (logMAR 
0.48) and extrafoveal nasal, residual ERM remnants were observed 
(Figure 2E). Several SD-OCT biomarkers were noted, such as an 
irregular foveal contour and internal and external neuroretina lines 
without total restoration of the central subfoveal ellipsoid, such as at 
the IS/OS line and the external limiting membrane. The long-term 
postoperative perfusion evaluation was abnormal with lower-than-
normal perfusion indices on the SVP slab (Figure 2F) and DVP slab 
(Figure 2G). The choriocapillaris flow area was considered in range 
with 2.087mm2 (Figure 2H) with an enlarged and irregular FAZ of 
0.551mm2 (Figure 2I).

Surgical case 2: A 52-year-old symptomatic woman presented 
with complaints of aggravating metamorphopsia; these were 
accompanied by a progressive drop in central vision, and high 
myopia; PS observed in both eyes. The right eye with an axial length 
of 30.38mm underwent macular surgery due to a 9-month history of 
symptomatic myopic FRD (Figure 3A). The preoperative BCVA was 
measured at 20/200 (logMAR 1.00). We performed a three-port 25-G 
pars plana vitrectomy and non-foveal ILM peeling with the foveal 
sparing technique on this eye. Fluid-air gas exchange was performed 
with 15% C3F8 tamponade. After a 17-month longitudinal follow-up, 
the operated eye showed a postoperative BCVA of 20/40 (logMAR 

Study groups
Superficial 
FAZ area 

(mm2)

Superficial 
foveal VD 

(%)

Deep 
foveal VD 

(%)

Superficial 
parafoveal 

VD (%)

Deep 
parafoveal 

VD (%)

Superficial 
whole macula 

VD (%)

Deep whole 
macula VD 

(%)

Choriocapillaris 
flow area (mm2)

CSFT 
(µm)

Post-
Op 

BCVA
Control emmetropic 0.33 27.17 31.39 58.76 59.17 56.93 58.5 2.51 246.4 0

Control high myopia 0.64 * 27.57 32.11 55.24* 54.98* 46.35 * 48.55* 2.25 264.9 0
Surgically treated 

(n=4)           

Stage 1 0.74 * 28.53 31.13 49.66 * 51.53* 48.81* 50.13* 1.90 * 228.6 0.48*

Stage 2 0.77 * 28.95 31.45 49.71* 50.83* 50.26* 50.37* 1.85* 208.7* 0.30*

Stage 3 1.28* 21.27* 25.51* 37.14* 39.58* 40.29* 41.46* 1.35 * 194.70* 0.48*

Stage 4 1.66* 22.64* 23.71 27.91* 29.81* 31.41* 33.69* 1.35* 214.8* 0.60*
Comparison with 

control emmetropic 
(p values)

0.0001 0.0001 0.0058 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Table 2: Quantitative evaluation of macular perfusion across study groups.

*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 post-Op BCVA in the surgical group. Abbreviations: FAZ: Foveal Avascular Zone; VD: Vessel Density; CSFT: Central Subfield Foveal Thickness.

Figure 1: Normal control groups. A horizontal SD-OCT B scan with red dots 
indicate intraretinal and choriocapillaris vascular flow in a normal emmetropic 
eye. A1 and A2 corresponding normal SVP and DVP. A3 image depicts a 
normal foveal a vascular zone (FAZ) of 0.551mm2.  B Horizontal B scan of 
a highly myopic eye with automated red and green segmentation lines, the 
posterior hyaloid membrane is still attached. B1 image depicts a quantitative 
deep vascular plexus (DVP) slab with the ETDRS-like sectors grid overlay. 
B2 image depicts a normal quantified area of choroidal flow with an irregular 
but normal perfusion index at the selected subfoveal choriocapillaris. 
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0.30). The postoperative perfusion indices at the SVP slab (Figure 
3B) and DVP slab (Figure 3C) were considered below mean with no 
evidence of recurrent FRD, or progression to MH in the SS and SD-
OCT (Figure 3D), the en-face superficial aspect of the retina show a 
heterogeneous thin RPE, the eye showed a normal choriocapillaris 
flow of 2.113mm2 (Figure 3E) and an irregular and enlarge FAZ of 
4.036mm2 (Figure 3F). 

Surgical case 3: A 63-year-old man presented with five months 
of disabling metamorphopsia, high myopia, and moderate PS. The 
right phakic eye underwent a 25-G three-port pars plana vitrectomy 
and macular surgery due to a full-thickness MH (Figure 4A). A 
modified BBG dye-assisted ILM peeling technique (inverted flap) and 
a 15% C3F8 long-acting non-expandable gas tamponade were used 
in this case. The preoperative BCVA was 20/800 (logMAR 1.60) and 
an axial length of 30.10mm. After a 15-month follow-up, the final 
postoperative BCVA was 20/60 (logMAR 0.48). The eye showed a 
normal macular profile and SD-OCT biomarkers such as inner and 
outer retina layers, subfoveal IS/OS, ELM, and a well-preserved RPE 
layer (Figure 4B and 4C), the perfusion evaluation was abnormal in 
both plexuses (Figure 4D and 4E) with perfusion indices lower than 
normal, the FAZ was irregular and enlarged with a size of 2.848mm2 
(Figure 4F), the choriocapillaris flow was notably deficient with 

Figure 2: Surgical case 1: A 55-year-old symptomatic woman complained 
of metamorphopsia and progressive visual loss in her right eye over seven 
months. Her preoperative right eye visual acuity was 20/100 (logMAR 0.70) 
with a refractive defect of -20.00+2.00 × 170 and applanation ocular tension 
of 11mmHg. The right eye had an axial length of 31.54mm with PS. A image 
shows a high definition 12mm horizontal b scan with schisis-like macular 
thickening and tractional elongation of the Henle nerve fiber layer. The patient 
underwent macular surgery with classical ILM peeling technique using a BBG 
dye as an adjuvant to identify precisely the ILM and complete a modified 
foveal sparing ILM technique, and a non-expandable 15% perfluoropropane 
gas mixture. B and C images depict that the foveomacular region remained 
attached after 15 months with a final BCVA of 20/60 (logMAR 0.48). D 
image shows a horizontal b scan with an irregular foveal profile, well defined 
ellipsoid zone and external limiting membrane line. E imagen shows the 
corresponding vertical b scan with extrafoveal nasal, residual ERM remnants 
was seen. F and G images indicate lower than normal perfusion indices on 
the SVP and DVP. H image shows a choriocapillaris flow area of 2.113mm2 
considered between range. I image depicts an enlarged and irregular FAZ of 
4.036mm2 above the normal range.

Figure 3: Surgical case 2: A 52-year-old symptomatic woman presented with 
aggravating metamorphopsia, a progressive drop in central vision, and high 
myopia. The right eye with an axial length of 30.38mm underwent surgery 
because of a 9-month history of symptomatic myopic FRD (image A). The 
preoperative BCVA was 20/200 (logMAR 01.00); this eye that underwent a 
three-port 25-G pars plana vitrectomy and non-foveal ILM peeling with the 
foveal sparing technique, fluid-air gas exchange was performed with 15% 
C3F8 tamponade. B and C images depict the superficial vascular plexus and 
deep vascular plexus with lower than mean perfusion indices, the operated 
eye showed a postoperative BCVA of 20/40 (logMAR 0.30). D image depicts 
automated red and blue segmentation lines horizontal B scan with diffuse 
thinning of the superficial retinal layers and with no evidence of recurrent 
FRD, or progression to MH, red dots represent choroidal flow. E image shows 
a normal choriocapillaris flow of 2.270mm2.  F image depicts an irregular and 
enlarge FAZ of 1.443mm2. 

Figure 4: Surgical case 3: A 63-year-old man with five months of disabling 
metamorphopsia, high myopia, and subsequently with severe drop vision. A 
image depicts a high definition enhanced gray scale 12mm horizontal b scan 
of a preoperative SD-OCT of the affected eye having a severe full-thickness 
macular hole with persistent traction, epiretinal membrane proliferation and 
inner and outer retinal layer schisis-like thickening with severe tractional 
elongation of the Henle nerve fiber layer. This eye underwent vitreous and 
macular surgery consisting of a modified BBG dye-assisted ILM peeling 
technique (inverted flap) and a 15% C3F8 long-acting non-expandable gas 
tamponade. The preoperative BCVA was 20/800 (logMAR 1.60) and an axial 
length of 30.10 mm. After a 15-month follow-up, the final postoperative BCVA 
was 20/60 (logMAR 0.48). B and C image show long-term postoperative B 
scans with abnormal macular profile and presence of identifiable SD-OCT 
biomarkers such as inner and outer retina SD-OCT layers, subfoveal IS/
OS, ELM line, and a well-preserved RPE layer. D and E images depict 
comparison between superficial and deep vascular plexuses, both below 
normal range. F image shows an abnormal FAZ of 2.848mm2. G image 
depicts the choriocapillaris flow of 1.964 mm2 considered lower than normal 
in range.
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1.964mm2 in flow area (Figure 4G).

Surgical case 4: A 59-year-old woman with two months of 
slowly progressive decrease vision with metamorphopsia, high 
myopia, and severe PS. The right phakic eye underwent a 25-G 
three-port pars plana vitrectomy and macular surgery for macular 
hole related three quadrants rhegmatogenous retinal detachment 
(Figure 5A). The preoperative SS-OCT confirmed a MHRD (Figure 
5B). This eye underwent vitreous and macular surgery consisting of 
BBG dye-assisted ILM peeling technique (inverted flap ILM peeling 
technique), after reapplication of the detached retina and a 15% C3F8 
long-acting non-expandable gas tamponade. The preoperative BCVA 
was 20/2000 or counting fingers @ 2 feet (logMAR 2.00), with PS 
and an axial length of 29.94 mm. After a 30-month follow-up, the 
final postoperative BCVA was 20/80 (logMAR 0.60) and showed a 
SD-OCT pattern consistent with an abnormal macular profile and 
presence of biomarkers such as inner and outer retina SD-OCT 
layers, subfoveal IS/OS, ELM line and a well-preserved RPE layer 
(Figure 5C and 5D), the en-face aspect depicted multiple deep defects 
at the level of the RPE with a very abnormal perfusion evaluation on 
the SVP slab (Figure 5E) with better perfusion evaluation on the DVP 
slab (Figure 5F), the FAZ looked irregular and enlarge with 3.561mm2 
in area (Figure 5G), the choriocapillaris flow was very deficient with 
1.366mm2 of flow from a selected area of 3.142mm2 (Figure 5H).

Discussion
Despite growing body of evidence documenting results from 

retrospective observational studies and a handful of interventional 
studies on MTM, our understanding of this condition, its clinical 
course, and its optimal management is still limited. Surgical 
treatments for MTM and its complications remain limited, and 
our understanding of these conditions is hindered by the lack of 
prospective trials and a small size of reported case series published to 
date. Although vitreomacular traction is the likely primary mechanism 
for the development of MTM, little has been written in relation to 
potential perfusion mechanisms behind MTM. Thus, vitrectomy and 
its variant techniques with or without ILM removal and the use of 
different types of tamponades are the most appropriate approaches 
[15]. For this reason, the present study aimed to report a long-term 
quantitative evaluation of VD and flow index at the macular level at 
different stages of successfully surgically operated MTM compared 
with normal controls. Our OCT angiography findings in perfusion 
indices provided perfusion data from surgically resolved eyes at 
different stages of MTM. 

In this study, we relied on different saved ILM and removal 
techniques. Similarly to Al-Sheikh et al. [38], we observed a generally 

decreased choroidal perfusion in myopic eyes.

Müller cell integrity has been implicated in traction maculopathies. 
MTM is pathology of the Müller cell cones. It implicates inner traction 
from ILM and outer stretch forces from the PS, e.g., as described by 
Wang et al.[18] Structural changes in Müller cells are found in eyes 
with retinoschisis [39]: as retinoschisis cavities enlarge, mechanical 
stretch forces damage Müller cells and alter their function.[40] Our 

Study 
group

Superficial FAZ 
area, p value 
(r coefficient)

Superficial 
foveal VD, 

p value 
(r coefficient)

Deep foveal 
VD, p value 

(r coefficient)

Superficial 
parafoveal VD, 

p value 
(r coefficient)

Deep 
parafoveal VD, 

p value 
(r coefficient)

Superficial 
whole macula 

VD, p value 
(r coefficient)

Deep whole 
macula VD, 

p value 
(r coefficient)

Choriocapillaris 
flow area, 

p value 
(r coefficient)

CSFT, p value 
(r coefficient)

Stage 1 0.12 0.55 0.96 0.89 0.75 0.96 0.5 0.47 0.68

Stage 2 0.77 0.78 0.76 0.65 0.58 0.74 0.96 0.91 0.29

Stage 3 0.39 0.59 0.73 0.76 0.73 0.73 0.64 0.04* 0.71

Stage 4 0.5 0.01* 0.07 0.75 0.92 0.85 0.63 0.85 0.48

Table 3: The correlation of final visual outcome with the perfusion indices (vessel density and flow index). Data indicate p values and Spearman correlation co-efficient.

*Indicates the groups where a positive correlation to the final BCVA was observed (p<0.05). Abbreviations: FAZ: Foveal Avascular Zone; VD: Vessel Density; CSFT: 
Central Subfield Foveal Thickness; SD: Standard Deviation.

Figure 5: Surgical case 4: A depicts a color fundus photo of a 59-year-
old woman with two months of slowly progressive decrease vision with 
metamorphopsia, high myopia, and severe an extensive three quadrants 
rhegmatogenous retinal detachment associated to macular hole. B image 
of a spectralis B scan examination consistent with retinal detachment and 
confirmed presence of full-thickness macular hole. This patient underwent 
25-G three-port pars plana vitrectomy and macular surgery consisting of BBG 
dye-assisted ILM peeling technique (inverted flap ILM peeling technique), 
after reapplication of the detached retina and a 15% C3F8 long-acting 
non-expandable gas tamponade. The preoperative BCVA was 20/2000 
(logMAR 2.00), with PS and an axial length of 29.94mm. C and D 30-months 
postoperative images depict high definition 12mm horizontal scans in gray 
scale with retina totally reattached and the macular hole closed, abnormal 
macular profile, presence of SD-OCT biomarkers such as inner and outer 
retina SD-OCT layers, disrupted subfoveal IS/OS (ellipsoid zone), irregular 
external limiting membrane line and a well-preserved RPE layer. D image 
depict automated red and green segmentation lines with dissociated optic 
nerve fibers defects and irregular thinning of the inner layer of the retina. 
The red dots represent choroidal flow.  After a 14-month follow-up, the final 
postoperative BCVA was 20/80 (logMAR 0.60). E and F images depict 
superficial and deep vascular plexuses considered lower than normal at 
the deferent macular subfields. G image shows an irregular and enlarged 
superficial foveal avascular zone of 3.561mm2. H image depicts deficient 
choriocapillaris flow index of 1.366mm2 considered under the normal range 
value.
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findings are consistent with Müller cell dysfunction account of visual 
impairment in eyes with retinoschisis-type MTM, as Wang et al. 
stated [41].

Shimada et al. [17] performed a prospective and observational 
study of 8 eyes with macular retinoschisis over an average follow-up 
of 44 months and detected a MH in two eyes. In one of them, retinal 
detachment was associated with macular hole. While both eyes started 
with only foveomacular retinoschisis, both eyes developed partial 
detachment of posterior hyaloid with persistent traction at the foveal 
level, and the rest of the patients in this study showed only progressive 
thickening of macula with data indicating foveomacular retinoschisis. 
Although its natural evolution to macular hole formation has been 
quite well described recently, its multiple pathogenic mechanisms 
have not been satisfactorily described.

Most patients with stage I disease or MF presenting to a macula 
specialist may be relatively asymptomatic, and the condition may 
persist at this stage for many years before affecting vision significantly 
[30,42]. Therefore, we agree with Takano and Kishi [21], Shimada et 
al. [17] and Ichibe et al. [42] who proposed that MF is the earliest 
stage or direct precursor lesion of FRD, or stage I disease in our 
report. Uchida et al. [20] showed that at this stage, 80% of the cases 
resolved with only vitrectomy and gas tamponade, and in 20% of 
cases, it was necessary to add ILM peeling techniques. We report 
the total resolution of foveoschisis in this eye, although a modified 
ILM peeling technique was implemented with good anatomic 
and functional outcomes. Hayashi et al. [43] observed the gradual 
progression of foveomacular retinoschisis to FRD in 41% of patients 
over a twelve-month follow-up period. In patients with documented 
MTM, the rate of progression to FRD from an earlier stage has been 
reported as 34.5%, and that of progression to partial-thickness MH 
has been reported as 20.7% [14]. Focal irregularities and the thickness 
of the external retina are frequent initial findings. These are usually 
followed by the formation of an outer lamellar defect associated with 
small focal retinal detachment. The column-like structures exert 
traction, leading to the enlargement of the lamellar defect. This, in 
turn, elevates the upper edge of the retina and causes the enlargement 
of the FRD [43,44] Baba et al. [45] reported a 9% incidence of FRD in 
patients with PS.

In a large case series [7], Panozzo and Mercanti found that the 
surgical resolution of vitreoretinal traction during the early stage of 
myopic FRD would allow re-flattening of the macular center. This 
would in turn prevent the development of partial- or full-thickness 
MH. The surgical preservation of foveal ILM may prevent FRD 
progression to advanced stages [25,46,47]. However, their series did 
not involve perfusion and qualitative evaluations using fluorescein 
angiography and quantitative VD evaluation using the AngioVue 
with OCT angiography as the study by Wang et al. [18] as well as our 
study did. Therefore, only the mechanical tractional alteration was 

largely proposed while not accounting for the possible role of macular 
and choroidal perfusion abnormalities with lower-than-normal 
quantified perfusion values. Choroidal perfusion support (increased 
VD in the choroid layer) can sustain MF with a low rate of MTM 
progression and prevent FRD formation [48]. Al-Sheikh et al. [38] 
suggested that decreases in choroidal perfusion and perturbations 
in VD in highly myopic eyes with a reduced whole-macula VD may 
be attributable to the mechanical stretch forces arising from the 
elongation of the eyeball.

As can be seen from our results as well as from the growing 
literature, quantitative evaluation of perfusion indices for assessment 
of macular microcirculation is of key clinical importance since mild 
perturbations in microcirculation can have negative consequences 
for vision quality due to induced pathological changes [49]. Small-
vessel changes with accompanying lower VD values have been 
observed and document in multiple retinal vascular diseases to date, 
including diabetic retinopathy, macular telangiectasia, and radiation 
retinopathy [50-52].

In this study, owing to the reliability and the reproducibility 
of OCT angiography quantitative perfusion indices, we were able 
to detect reliable effects. Our study found that BCVA values were 
positively correlated with the CSP flow area. At the same time, 
BCVA values were correlated negatively (albeit at the level of clinical 
observation) with CSFT. Convergently, analysis performed using the 
logMAR units showed a negative correlation with the CSP flow area 
and a positive correlation with CSFT. However, these effects were not 
significant mainly due to the limited numbers of surgical patients. In 
the surgical group, we examined the correlations between BCVA and 
other OCT biomarkers, but none emerged as statistically significant 
effects.

We compared normal-range vessel changes in three groups of 
eyes: normal emmetropic; healthy highly myopic and eyes at different 
stages of surgically resolved MTM spectrum. We established significant 
differences in macular perfusion indices between the control eyes and 
between the different stages in MTM study group. We found highly 
significant effects when analyzing the microcirculation of the macula 
using quantitative VD indices. The difference between healthy eyes, 
and surgically resolved at the different stages of MTM was highly 
significant (p < 0.001). These findings suggest a possible relationship 
between tractional mechanisms and perfusion mechanisms without 
necessarily postulating directionality. We note that these effects 
should be replicated in future studies.

Peng et al. [53] speculated that upregulation of local cytokine 
levels drives the resolution of myopic FRD after fovea sparing ILM 
removal. It is therefore possible that he vascular microenvironment 
together with alterations in microcirculation permeability play 
an important role in MTM. Our study provides insights into the 
different stages of MTM, highlighting the role of microcirculation 
as a fundamental player in tractional pathogenesis. Specifically, 
this modified technique is recommended in both refractory and 
primary FRD cases accordingly with the author’s surgical and clinical 
experience. Modified ILM techniques result in foveal reattachment 
and are associated with significant improvements in visual acuity 
[23,26,27,30].

Several studies have directly examined the correlations between 

Stage of MTM Preoperative (logMAR units) Final (logMAR units) P*

Stage 1 eye 0.7 0.48 < 0.001

Stage 2 eye 1 0.3 < 0.001

Stage 3 eye 1.6 0.48 < 0.001

Stage 4 eye 2 0.6 < 0.001

Table 4: Comparison between preoperative and final BCVA by stage (logMAR).
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choroidal perfusion and VD measurements. Care should be taken to 
not reduce the choroidal perfusion in eyes with advanced MTM due 
to surgical changes (e.g., by compression of the choroid secondary to 
macular buckling surgery) [18]. FAZ distortion with enlargement of 
the yuxtafoveal capillary net contribute to decreased VD perifoveal 
perfusion indices in the different stages of MTM [36].

In our study and the study by Wang et al. [48] there was noted 
a positive correlation between BCVA and macular perfusion indices 
in the SVP slab and the 1mm selected foveal area of the choroid 
capillary layer across the different stages of MTM in the long-term 
postoperative perfusion evaluation as compared with controls at the 
end of follow-up. These findings suggest that vascular density flow 
abnormalities as reflected in a low value of choroidal thickness may 
directly lead of declines in visual acuity.

Development of a full-thickness MH may be spontaneous (i.e., as a 
part of the natural course of the disease) or secondary to ILM removal 
(i.e., in the case of classical macular surgery) [10,21,23,32]. Gaucher 
et al. [22] stated that the pathogenesis of MH formation might be 
different from that of idiopathic MH formation. Myopic eyes with 
total posterior vitreous detachment are subject to substantial traction 
exerted by residual cortical remnants on the macula. Thus, MH 
formation is preceded by FRD, where the foveola becomes extremely 
thin and the tangential traction exerted by a tense ILM / posterior 
vitreous remnants are associated with the occurrence of a MH. 

Rhegmatogenous retinal detachment associated with MH 
formation presents a therapeutic challenge. Several surgical approaches 
are routinely used, including vitrectomy, retinal membrane peeling, 
and ILM peeling with modified peeling techniques and various 
tamponades. Several surgical approaches have also been described, 
including gas tamponade, silicone oil tamponade, additional laser 
treatment of the hole margin, and episcleral buckling of the macula 
area [54-56].

The reported success rate of vitrectomy with long-acting gas for 
eyes with MHRD varies between 45 and 68%, but higher success 
rates of up to 79% and 89% have been described with silicone oil 
as tamponade.[57-60] As mentioned by other authors [58], lack 
of chorioretinal tissue loss and RPE atrophy contribute to both a 
success in reapplication of the retina and better visual recovery in 
addition to considering the severe alterations in the perfusion indices 
found in our case of stage 4 MTM. Kadonosono et al. [61] revealed 
that myofibroblasts on the ILM surface contract around these 
macular holes, resulting in the ILM or ILM remnants playing a role 
in hole reopening, delayed hole closure or even subsequent retinal 
detachment; thus, the type of tamponade plays a secondary role in the 
incidence of macular hole closure and in depurative macular surgery, 
with the ILM peeling technique as the main factor of hole closure. 
It has also been reported that removing the ILM and overlaying 
ERM may increase the flexibility of the detached retina, in this 
way, contributing to MH sealing, even in the presence of posterior 
staphyloma [62-64]. 

As noted above, this study has several strengths, such as relying 
on data from patients with long-term follow-up evaluation and our 
ability to detect this condition early. 

The study has a few limitations. First and foremost, we relied on 

a limited number of eyes. We note that this limitation was primarily 
due to the strict inclusion criteria applied to limit our study to 
successfully surgically corrected eyes at each one of the four different 
stages of MTM. Although this study lacks longitudinal analysis, its 
advantage is in combining SD-OCT and OCT angiography long-term 
findings, performing comparative quantitative evaluation of macular 
perfusional changes. We hope to contribute to the literature by 
addressing an important gap associated with the sparsity of published 
material on perfused macular assessment at the four main different 
stages of operated eyes with MTM in highly myopic eyes.

In summary, according to the perfusion, structural and 
functional outcomes in this case report, there was significant visual 
improvement when the eye was surgically treated in early stages of 
this condition, against a poor postoperative visual improvement 
(p<0.05) when the eyes underwent surgery for advanced stages of 
MTM. Likewise, perfusion indices were significantly lower when the 
eyes were operated on at advanced stages (p<0.005). This risk is higher 
when abnormalities in the perfusion indices have been detected in 
the postoperative period suggesting poor recovery prognosis. Thus, 
careful prospective and longitudinal eye evaluations are advised 
to detect early stages of this condition. This early identification is 
pivotal for making early and evidence-guided surgical choices while 
considering different macular surgical techniques to optimize the 
visual outcomes. 

Conclusion
Further studies are needed to characterize the role of perfusion 

macular mechanisms in the pathogenesis of MTM. Of particular 
value will be prospective, randomized multi-center studies evaluating 
perfusion and histopathological findings. These studies can further 
elucidate role of microvascular perfusion mechanisms in maintaining 
the Müller cell integrity in traction maculopathies.
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