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REVIEW

Choroidal Perfusion Changes After Vitrectomy for Myopic Traction Maculopathy
Miguel A. Quiroz-Reyesa, Erick A. Quiroz-Gonzalezb, Miguel A. Quiroz-Gonzaleza, and Virgilio Lima-Gomezc

aRetina Department of Oftalmologia Integral ABC (Medical and Surgical Nonprofit Organization), National Autonomous University of Mexico, Ciudad 
de Mexico, Mexico; bInstitute of Ophthalmology, National Autonomous University of Mexico, Mexico City, Mexico; cPublic Assistance Institution, 
Hospital Juarez de Mexico, Mexico city, Mexico

ABSTRACT
Background: The choroidal vasculature supplies the outer retina and is altered in many retinal diseases, 
including myopic traction maculopathy (MTM). Choroid health is typically assessed by measuring the choroidal 
thickness; however, this method has substantial limitations. The choroidal vascularity index (CVI) was recently 
introduced to provide quantitative information on the vascular flow in the choroid. This index has been 
evaluated in a wide range of diseases but has not been extensively used to characterize MTM.
Aim: This study aimed to investigate the CVI across different stages of MTM and the influence of macular 
surgery on choroidal perfusion markers in different surgically resolved MTM stages.
Methods: Eighteen healthy myopic eyes in the control group and forty-six MTM eyes in the surgical 
group were evaluated using enhanced optical coherence tomography (OCT) imaging. Binarized OCT 
images were processed to obtain the luminal choroidal area (LCA) and stromal choroidal area (SCA), 
which were used to calculate CVI in the form of a percentage ratio. CVI data were collected at baseline, 
one and four months postoperatively, and at the final clinical visit. MTM eyes were divided into four 
stages based on disease severity. The choriocapillaris flow area (CFA) and central subfield thickness (CSFT) 
were measured along side the CVI.
Results: No significant differences were observed between the two groups at baseline, except for visual 
acuity (p  < 0.0001). Surgery significantly improved vision at all postoperative time points (p  < 0.0001). At 
baseline, there were no significant differences in CVI, CFA, or CSFT scores between the control and 
surgical groups. However, all three measurements were lower at the final visit in the surgical group 
(p ≤0.0001). No significant differences were found in any of the parameters among the four stages of 
MTM (p  > 0.05). Ultimately, correlation and multivariate linear regression analyses did not reveal any 
significant association between CVI and visual acuity.
Conclusions: This study did not find significant preoperative differences in CVI between healthy myopic 
eyes and eyes with MTM. However, the postoperative CVI and CFA values were significantly lower than 
those of the control eyes. Thus, CVI may not be a good biomarker for surgical outcomes, as the correlation 
between CVI and visual acuity was not statistically significant.The CVI and CFA decreased after surgery, 
providing evidence of choroidal changes after surgical management.
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BACKGROUND

The choroid is a vascular tissue that supplies oxygen and 
nutrients to the retinal pigment epithelium (RPE) and the 
outer retina.1 This tissue plays a crucial role in maintaining 
retinal homeostasis, and abnormalities in the structure of the 
choroid may indicate the presence of an underlying disease. 
Choroidal thickness measurements are widely used in clinical 
research to meaningfully evaluate the state of the choroid in 
healthy and diseased retinas.2 However, choroidal thickness 
alone has important limitations, such as the inability to char-
acterize the vascular flow between the stromal and luminal 
vascular areas.

In recent years, the choroidal vascularity index (CVI) has 
emerged as a popular measure to address this need because of 
its ease of use and the noninvasiveness of its calculation.3–5 

CVI can be calculated from optical coherence tomography 

(OCT) images via a series of digital binarization and quantifi-
cation steps.6,7 As CVI captures both vascular and stromal 
changes within the choroid, it provides a more informative 
characterization of the state of the choroidal structure than 
choroidal thickness.

Since the initial introduction of CVI, a series of studies have 
linked changes in this index to the pathogenesis and progres-
sion of various retinal diseases.5,8,9 The CVI has been shown to 
capture certain microcirculatory changes in the retina10–12 and 
has been correlated with visual function after vitrectomy.13

As retinal diseases typically involve multiple processes that 
affect the choroid (e.g., inflammation, edema, and leakage), 
CVI has been suggested as a potentially useful biomarker for 
assessing the integrity of the vascular network within the 
choroid.8,14 Furthermore, earlier studies found that CVI is 
not sensitive to various confounding factors, such as axial 
length, blood pressure, or intraocular pressure.15
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Myopic traction maculopathy (MTM) is a vision- 
threatening condition associated with pathologic myopia 
(PM), the presence of posterior staphyloma (PS), evidence 
of inner and/or outer retinal layer-like thickening with or 
without epiretinal membrane (ERM) proliferation, or trac-
tional elevation of Henle’s layer with or without evidence of 
a champagne flute-shaped schisis appearance, stretched ret-
inal vessels, and an abnormally rigid inner limiting mem-
brane (ILM), which may evolve into forms with more severe 
retinal complications.16 Frequently, eyes with myopic 
foveoschisis (FS) and foveoretinal detachment (FRD) pro-
gress, leading to the formation of macular holes (MHs).17,18 

Furthermore, highly myopic eyes have been shown to 
develop macular FS in nearly 34% of patients.19–21 Due to 
the progressive nature of MTM, a system of four stages has 
been adopted to categorize the disease21,22: myopic FS at 
stage 1, FRD at stage 2, myopic MHs at stage 3, and MH 
retinal detachment (RD) at stage 4. In this context, monitor-
ing disease and treatment outcomes through noninvasive 
methods such as CVI could substantially improve the man-
agement of MTM.23

In a previous case series involving four eyes with MTM, we 
found that more patients with an advanced disease stage 
tended to have lower CVIs.24 In this study, we obtained the 
following results: a more comprehensive series of healthy 
myopic control eyes and MTM eyes that underwent macular 
surgery and evaluated their CVIs at four different time points. 
This study aimed to investigate CVI values across different 
stages of MTM and influence of macular surgery on choroidal 
perfusion markers in successfully resolved surgical MTM 
stages.

We further assessed the differences between the preopera-
tive and postoperative CVI, choriocapillaris flow area (CFA), 
central subfield thickness (CSFT) and the correlation between 
CVI and other variables using multivariate linear regression 
analysis.

METHODS

Study Design

We conducted a nonrandomized retrospective analysis of the 
medical charts of successfully operated patients with differ-
ent stages of MTM. All patients were treated between 
August 2016 and June 2022 operated on by the same surgeon 
(MAQR). This retrospective analysis was conducted in the 
Retina Department of Oftalmologia Integral ABC (Mexico 
City). The institutional review board approved the study 
design, and written informed consent was obtained from 
all patients. This study adhered to the guidelines outlined 

in the Declaration of Helsinki. No reference number was 
provided by the institution, owing to the retrospective nature 
of the study.

The inclusion criteria were as follows: patients over 18 years 
of age, with an equivalent spherical equivalent refractive error 
of > −6,0 diopters or axial length >26.5 mm, presence of any 
detected structural MTM stage due to PM, who had undergone 
vitrectomy with successful and uncomplicated macular sur-
gery using different ILM peeling techniques for symptomatic 
MTM, at least six months of follow-up; and perfusional eva-
luation during follow-up, serial CVI, choriocapillaris flow area 
(CFA), and automated CSFT measurements of the macula 
according to the study protocol.

The exclusion criteria included patients with evidence of 
diffuse macular chorioretinal atrophy, patchy foveal-affected 
chorioretinal atrophy, or evidence of involuted or active myo-
pic choroidal neovascularization based on the atrophy/trac-
tion/neovascularization (ATN) classification.25 Additionally, 
eyes treated with macular laser photocoagulation or intravi-
treal injections during the study period, previous complicated 
vitreomacular surgeries, postoperative complications such as 
glaucoma and endophthalmitis, the presence of intraocular 
silicone oil, or those who did not fulfill the minimum post-
operative functional, structural, and perfusional evaluation 
criteria and follow-up study protocols were also excluded.

Eighteen healthy myopic eyes were included in the control 
group. Eyes were matched for sex and age. The study groups 
and their corresponding inclusion criteria are listed in Table 1.

Surgical Procedure and Study Protocol Examinations

The surgical procedures were performed by a single highly 
experienced retina surgeon. (MAQR). The surgical techniques 
used in this study have been previously described in detail by 
the authors.26 According to the study protocol, preoperative 
evaluation of the MTM stage was performed using a high- 
resolution spectral domain (SD) optical coherence 
a tomography (OCT) Spectralis HRA OCT system 
(Heidelberg Engineering, Heidelberg, Germany), with 25-line 
horizontal volume scans covering the area centered on the 
fovea. The CSFT measurements were obtained using standar-
dized algorithms contained in the software of the instrument 
and were automatically generated. Perfusional choroidal eva-
luations were completed following a previously published pro-
tocol by the study authors using an OCT angiography (OCT- 
A) device (RTVue XR Avanti, OptoVue, Inc., Fremont, CA, 
USA).26,27 CFA was performed by segmenting the chorioca-
pillaris subfoveal plexus (CSP) slabs using RTVue XR OCT 
Avanti with AngioVue Software (OptoVue Inc., Fremont, CA, 

Table 1. Summary of study groups and inclusion criteria.

Study groups Inclusion criteria

Healthy myopic group (n = 18) Spherical equivalent refractive error of > −6.0 diopters or axial length > 26.5 mm
Surgical group (n = 46) Stage 1 - Eyes exhibiting myopic FS

Stage 2 - Eyes with evidence of FRD
Stage 3 - Eyes with evidence of a partial- or full-thickness MH
Stage 4 - Eyes with posterior pole MHRD

FRD, foveoretinal detachment; FS, foveoschisis; MH, macular hole; MHRD, macular hole retinal detachment.
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USA) and automatically calculated from a 3.142 mm2 evalua-
tion area.

Brief Description of the CVI Quantification Method by 
Image Binarization

Briefly, CVI values were derived from the images obtained 
using SD-OCT of the macula. High-resolution 9-mm hor-
izontal OCT-B images were selected and uploaded to the 
ImageJ analysis software (version 1.53, http://imagej. nih. 
gov/ij/). The images were first converted into an 8-bit 
format and adjusted using the Niblack automatic local 
threshold. Next, an area of the subfoveal choroid was 
manually selected using the adaptable geometric polygon 
tool to manually select the total choroidal area (TCA) 
from 750 µm nasal to 750 µm temporal in the direction 
of the horizontal plane from the foveal center and from 
the RPE-Bruch membrane to the scleral border in the 
direction of the vertical plane. Subsequently, the stromal 
vascular tissue area was determined by the number of 
white pixels, and the luminal area (LA) at the enhanced 
choroid was determined by applying the threshold tool by 
quantifying the number of dark pixels. Finally, the dark-to 

-light pixel ratio was expressed as a percentage and 
defined as CVI, as previously described by Agrawal et al4,8 

The protocol study method for binarization is illustrated 
in Figure 1.

Outcome Measures

The primary outcome of this study was the pre- and post-
operative quantitative evaluation and comparison of macular 
CVI, CFA, and CSFT values and their correlation with visual 
changes. The secondary outcomes included investigating the 
potential effects of vitrectomy and macular surgery on chor-
oidal perfusion markers by comparing preoperative and post-
operative values and correlating them with those obtained in 
the control group.

Statistical Analysis

All statistical tests were performed using GraphPad Prism 
software (version 9.2.0), with the significance threshold for 
all tests set at p < .05. Where appropriate, nonparametric tests 
were used because tests for the normality of distribution 
showed that the data were not normally distributed. Fisher’s 
exact test was used to test for differences in sex, eye laterality, 

Figure 1. Protocol depicting the method used for quantifying the CVI in healthy myopic eyes. (a) binarized image designed to depict the intraretinal structure and 
choroidal layers in greater detail in a healthy, moderately highly myopic eye with an axial length of 27.8 mm. (a1) magnified image within the yellow square showing 
binarized processing of the subfoveal choroidal stroma and luminal vascular visualization of the subfoveal choroidal vessels to obtain a choroidal vascularity index (CVI) 
of 62.8% in a healthy, moderately myopic eye. The selected subfoveal area of choroidal flow is clearly delineated by the white dotted line. (a2) quantified 
choriocapillaris flow area (CFA) of 2.308 mm2 in the protocol-selected area of 3.142 mm2 in this healthy myopic eye. (b) binarized processing of choroidal flow in 
a healthy highly myopic eye with an axial length of 30.8 mm and enhanced choroidal vessel visualization, yielding a CVI of 59.4%. (b1) the magnified image within the 
white‒yellow dotted line clearly delineates a CVI of 1.972 mm2. (c) binarized image corresponding to a healthy, highly myopic eye in the control group; the CVI was 
63.4% inside the selected choroidal flow area. (c1) magnified image depicting the selected area for the CVI measurements. The white and yellow dotted lines depict the 
binarized choroidal flow area selected to calculate the CVI. (c2) the CFA was 2.173 mm2 for the selected choriocapillaris. (d) binarized image in a healthy highly myopic 
eye with an axial length of 29.6 mm and a CVI of 58.2%. (d1) magnified image of the selected central subfoveal area clearly depicting the CVI area defined by the white 
dotted line. (d2) the CFA area was 1.737 mm2.
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and lens status between groups. The Mann‒Whitney U test 
was used to test for differences in age, axial length, and baseline 
and postoperative best-corrected visual acuity (BCVA) 
between the groups. The paired Wilcoxon signed-rank test 
was used to assess the changes in BCVA after surgery. The 
Kruskal–Wallis test was used to detect significant differences 
in the CVI, CFA, and CSFT. Pearson’s correlation analysis and 
multivariate linear regression were performed using the 
R programming environment (version 4.1.1).

RESULTS

General Characteristics of the Study Groups

The present study included 64 eyes, with 18 eyes in the healthy 
myopic control group and 46 eyes in the surgical group who 
underwent successful MTM surgery. No statistically significant 
differences were found between the two groups in terms of sex, 
eye laterality, lens status, age, or axial length. In the surgical 

group, the mean preoperative MTM was 11.35 months. Forty- 
one (89.0%) eyes showed an improvement in vision with CVI 
values lower than those in the control group. Twenty-eight 
(60.8%) eyes showed BCVA worse than 20/60 (0.48 logMAR 
units), and all of them showed CVI values below the mean of 
those in the control group; the reduction in the CVI was 
significant but did not correlate with the final BCVA (for 
further detail in the data analysis, consult the supplementary 
file). The eyes were further divided into four stages according 
to the severity of MTM (Table 1), with 11, 18, 9, and 8 eyes in 
stages 1, 2, 3, and 4, respectively. Demographic data are sum-
marized in Table 2.

Surgical and Visual Outcomes

The baseline BCVA was significantly worse in the surgical 
group than in the healthy myopic group (p < .0001) 
(Table 3). After surgery, the BCVA improved from 1.179 to 

Table 2. Patient demographic data and clinical characteristics.

Healthy myopic group Surgical group P value

Number of eyes (n) 18 46 -
Sex (female, n) 13 36 .7441
Eye laterality (right eye, n) 6 27 .0962
Lens Status (phakic lens, n) 7 24 .4104
Age (mean and std, years) 59.50 (6.03) 6.21 (9.28) .7469
Axial length (mean and std, mm) 29.69 (1.37) 29.67 (1.76) .6225
Preoperative duration of MTM (mean and std, months) - 11.35 (7.42) -
M MTM Stage (n, %): - -
1 11 (23.9%)
2 18 (39.1%)
3 9 (19.6%)
4 8 (17.4%)

MTM, myopic traction maculopathy; std, standard deviation.

Table 3. BCVA and surgery characteristics.

Healthy myopic group Surgical group P value

Baseline BCVA (mean and std, logMAR) .052 (.077) 1.179 (.533) <.0001
Change in BCVA at one month after surgery (mean and std, logMAR) - −.426 (.347) <.0001
Change in BCVA at four months after surgery (mean and std, logMAR) - −.548 (.370) <.0001
Change in BCVA at the final visit 

(mean and std, logMAR)
- −.587 (.383) <.0001

Final BCVA (mean and std, logMAR) .052 (.077) .592 (.386) <.0001
Postoperative time to MTM resolution (mean and std, weeks) - 5.50 (2.05) -
Postoperative follow-up (mean and std, months) - 25.41 (15.52) -
Surgical technique (n, %) - -

Classical ILM peeling 6 (13%)
FS-ILM peeling 23 (50%)
Inverted flap 17 (37%)

Tamponade (n, %) - -
Gas 29 (63%)
Silicon 17 (37%)

Additional surgery (n, %) - -
None 24 (52.2%)
Refractory foveoschisis 1 (2.2%)
Refractory foveoretinal detachment 1 (2.2%)
Peripheral retinal detachment 1 (2.2%)
Silicon extraction 17 (37%)
Vitrectomy revision + silicon extraction 1 (2.2%)

Postoperative complications (n, %) - -
Macular hole 5 (1.9%)
Rhegmatogenous retinal detachment 1 (2.2%)
Diffuse chorioretinal atrophy 1 (2.2%)
Extrafoveal foveoschisis 3 (6.5%)

BCVA, best-corrected visual acuity; FS, fovea-sparing; ILM, internal limiting membrane; logMAR, logarithm of the minimum angle of resolution; MTM, 
myopic traction maculopathy; std, standard deviation.
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0.753 logMAR at one month (p < .0001), 0.63 logMAR at four 
months (p < .0001), and 0.592 logMAR at the final visit (p  
< .0001). However, the postoperative BCVA in the surgical 
group was lower than that in the healthy myopic group (p  
< .0001).

After surgery, MTM resolved in an average of 5.50 weeks, 
and the patients were followed up for a mean period of 25.41  
months (Table 3). Half of the eyes were treated using fovea- 
sparing (FS)-ILM peeling, followed by an inverted flap in 17 
eyes and classical ILM peeling in six eyes. Most eyes (63%) 
underwent gas tamponade, while the remaining eyes under-
went silicone oil tamponade. More than half (52.2%) of the 
eyes did not require additional surgery; the majority of 
the second surgeries were performed to extract the silicone 
oil tamponade (37%). Ten (22%) surgical eyes developed post-
operative complications, with MHs being the most common 
(10.9%), followed by residual extrafoveal FS (6.5%), rhegma-
togenous RD (RRD) (2.2%), and diffuse chorioretinal atrophy 
(DCRA) (2.2%).

Retinal and Choroidal Characterization

SD-OCT and OCT-A were used to measure the CVI, CFA, and 
CSFT in both groups at baseline, one month after surgery, four 
months after surgery, and at the final visit in the surgical 
group. The analysis showed that in the first postoperative 
month, the choroidal perfusion markers did not differ from 
the preoperative values with an increase in CSFT. However, at 
four months and in the last quantification corresponding to 
the last visit, a significant tendency toward a reduction in the 
three markers was observed (Table 4). Compared with the 
healthy myopic group, the surgical group had a significantly 
lower CVI (p = .0001), smaller CFA (p < .0001), and smaller 
CSFT (p < .0001) at the final visit; however, there were no 
significant differences at baseline (Figure 2a, c, and e).

In the surgical group, SD-OCT and OCT-A measurements 
showed significant differences across the time points (p  
< .0001) (Figure 2b, d, and f). Specifically, all three values 
decreased postoperatively. When the surgical group was sepa-
rated according to the MTM stage (Figure 3), no significant 
differences in CVI were identified at any of the time points 
among the stages (p = .164, 0.375, 0.820, and 0.432 at baseline, 
one month after surgery, four months after surgery, and at the 
final visit, respectively).

Correlation and Linear Regression Analyses

Analysis of the correlation between the three OCT measure-
ments and BCVA did not reveal any significant correlation 

with the final surgical outcome. In the surgical group at the 
final visit, the Pearson’s correlation coefficient between CVI 
and BCVA was 0.096 (p = .527), that between CFA and BCVA 
was 0.016 (p = .915), and that between CSFT and BCVA was 
0.183 (p = .224).

Multivariate linear regression analysis was performed to 
identify any relationship between the selected patient factors 
and the final postoperative BCVA in surgically treated eyes. 
The model contained six variables: age, preoperative MTM 
duration, postoperative time to MTM resolution, final CVI, 
final CFA, and final CSFT. None of the patient factors showed 
a significant relationship with final postoperative BCVA (p  
> .05) (Table 5). Preoperative MTM duration tended to have 
the best relationship with BCVA (p = .051), and the corre-
sponding coefficient was positive (i.e., a longer preoperative 
MTM duration was associated with a higher logMAR value 
and therefore a worse BCVA).

Representative images from the surgical participants who 
underwent enhanced OCT imaging evaluation and CVI calcu-
lations are shown in Figure 4.

DISCUSSION

MTM is a progressive and debilitating condition that can lead 
to severe loss of visual function without proper treatment.16,28 

CVI has recently been introduced as a promising biomarker 
for choroidal health and has potential applications in disease 
diagnosis and management.8 Since then, numerous studies 
have evaluated CVI in various retinal diseases; however, its 
detailed application in MTM is lacking. In this study, we report 
CVI-quantified findings across both treatment times and 
MTM stages to evaluate their potential as biomarkers for the 
disease and the possible deleterious effects of surgery. We 
believe that the findings of this study can provide insights 
into the suitability of preoperative and postoperative CVI 
and CFA as choroidal perfusion markers and how they behave 
after noncomplicated macular surgery in different MTM sur-
gical stages. The relationships among CVI, CFA, CSFT, visual 
function, and other postoperative outcomes of MTM were also 
explored. Collectively, these results provide novel insights into 
the choroidal state of eyes with MTM before and after surgery 
and may help guide the potential use of CVI as a biomarker for 
the clinical management of the disease.

The study consisted of two cohorts: healthy myopic eyes 
and MTM eyes, the latter of which was further divided into 
four stages based on disease severity. Except for worse visual 
acuity in the eyes with MTM, there were no significant differ-
ences between the two groups in terms of sex composition, eye 
laterality, lens status, age, or axial length. In eyes with MTM, 

Table 4. Choroidal perfusion markers and OCT measurements for both study groups.

Surgical group

P value*Healthy myopic group Baseline One-month postsurgery Four-month postsurgery Final visit

CVI (mean and std, %) 60.44 (5.52) 60.71 (4.65) 62.3 (4.26) 54.12 (6.36) 53.56 (6.22) 0.0001

CFA (mean and std, mm2 2.218 (0.213) 2.104 (0.421) 2.176 (0.445) 1.742 (0.364) 1.711 (0.338) <0.0001
CSFT (mean and std, μm) 268.78 (37.87) 318.31 (89.03) 251.28 (31.87) 209.5 (15.99) 203.28 (15.36) <0.0001

CFA, choriocapillaris flow area; CSFT, central subfield thickness; CVI, choroidal vascularity index. 
*Comparison between healthy myopic and surgical groups at the final visit. None of the comparisons between the healthy myopic and surgical groups at baseline were 

statistically significant.
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the surgical procedure quickly improved visual function one 
month postsurgery, with the average vision improving pro-
gressively through the last clinical visit. However, the visual 
acuity at the last visit was worse than that in the healthy 
myopic control group, indicating that some visual loss was 
irreversible, which is consistent with previously reported sur-
gical outcomes.29

The CVI, CFA, and CSFT were used to assess choroidal and 
retinal health across the study groups. Intriguingly, none of the 
three parameters was significantly different between the myo-
pic control and preoperative values in the surgical group. 
Furthermore, all three parameters showed a notable trend of 

Figure 2. OCT measurements across study groups. OCT imaging was used to 
obtain the choroidal vascularity index (CVI, a-b), choriocapillaris flow area 
(CFA, c-d), and central subfield thickness (CSFT, e-f). (a, c, e) measurements 
across the healthy myopia group and surgical group at baseline and final 
visits. For all three measurements, no significant differences were detected at 
baseline between the study groups, but values were lower in the surgical 
group at the final visit. (b, d, f) measurements across time series in the 
surgical group. Significant changes were detected across time in all three 
measurements. p values are indicated by * (ns = not significant, *** = p ≤ 
.001, **** = p ≤ .0001). CFA, choriocapillaris flow area; CSFT, central sub-
foveal thickness; CVI, choroidal vascularity index.

Figure 3. CVI measurements across MTM stages. The surgical group was sepa-
rated based on the MTM stage. CVI at baseline (a), one month postsurgery (b), 
four months postsurgery (c), and the final visit (d) are plotted. p values are 
indicated by * (ns = not significant). CVI, choroidal vascularity index; MTM, 
myopic traction maculopathy.

Table 5. Multivariate linear model relating final postoperative BCVA with patient 
factors.

Estimate of Coefficient P value

Age −0.002 .749
Preoperative time with MTM 0.162 .051
Postoperative time to MTM resolution 0.036 .216
CVI 0.003 .717
CFA 0.034 .824
CSFT 0.004 .195

BCVA, best-corrected visual acuity; CVI, choroidal vascular index; CFA, chorioca-
pillaris flow area; CSFT, central subfield thickness.
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reduction in values, which were significantly reduced at the 
final visit, with statistically significant differences from those in 
the healthy control myopic group. Comparisons across the 
time series confirmed that these three parameters decreased 
after surgery. This finding is in contrast to an earlier study that 
found that CVI increased at both one and three months after 

macular buckling surgery, accompanied by thickening of the 
choroid in the initial postoperative period,30 without mention 
of the axial length of the eyes, and having in the scientific 
thinking that the eyes in our study belong to a highly myopic 
eye spectrum given the presence of PS and complex vitreor-
etinal interfaces and the lack of any kind of either equatorial or 

Figure 4. Surgical cases. (a) preoperative OCT findings consistent with myopic foveoschisis (FS) due to macular thickening and schisis-like thickening of the inner and 
outer retina layers. (a1) magnified image from the yellow inset depicting a preoperative choroidal vascularity index (CVI) of 49.8% calculated within the area clearly 
delineated with the yellow dotted line. (a2) long-term postoperative binarized image, showing a CVI of 47.3% within the area delineated with the red dotted line. (a3) 
the choriocapillaris flow area (CFA) was 2.308 mm2 at the selected subfoveal choriocapillaris area of 3.142 mm2. (b) preoperative image of a symptomatic female 
patient with FS and an axial length of 29.7 mm. (b1) corresponding binarized image of this complex FS eye with outer and inner retinal layer-like thickening, tractional 
elongation of Henle’s layer, and a thin superficial foveal layer with a preoperative CVI of 40.4%. (b2) long-term postoperative horizontal B-scan image following 
binarization showing an almost normal foveal profile, diffuse thinning of the retinal layers, and no evidence of outer or inner retinal layer thickening. The postoperative 
CVI was 49.6% in the subfoveal choroidal flow area, as delineated by the red dotted line. (b3) the image shows a CFA of 2.138 mm2 at the selected subfoveal 
choriocapillaris area of 3.142 mm2. (c) highly myopic eye with an axial length of 31.2 mm and a moderate posterior staphyloma. Evidence of a full-thickness myopic MH 
with tractional elongation of Henle’s layer and thickening of the macula without evidence of macular detachment. (c1) magnified preoperative binarized image with 
a CVI of 56.6%. (c2) postoperative structural evaluation showed a flat macula with a recovered foveal profile, an external limiting membrane (ELM) line lucency defect, 
and a well-preserved retinal pigment epithelium (RPE) layer. The calculated postoperative CVI was 54.4%. (c3) CFA of 1.808 mm2 at the selected subfoveal 
choriocapillaris area of 3.142 mm2. (d) preoperative image of an eye with extensive macular hole retinal detachment (MHRD). (d1) the preoperative CVI was 44.7%. 
(d2) postoperative appearance shows extrafoveal chorioretinal atrophic areas, an irregular foveal profile, a thin foveal roof, a closed macular hole, macular 
reattachment without evidence of residual subretinal fluid (SRF), attenuated internal and external retinal layers, and a subfoveal ellipsoid zone (EZ). The quantified 
choroidal perfusion indices were lower than those obtained in the control myopic group, with a CVI of 42.7%. (d3) the CFA value was 1.704 mm2 at the selected 
subfoveal choriocapillaris area of 3.142 mm2.
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macular buckling elements. Some of these changes may be 
attributed to the macular surgical procedures performed, 
which can have different effects on the long-term postopera-
tive perfusion markers of the choroid due to transurgical 
vitrectomy-related perfusion changes at the level of the micro-
circulation in these highly myopic eyes. Additionally, 
a reduction in CSFT after surgery has been previously reported 
in MTM by Yi et al,31 whereas changes in CVI and CFA 
associated with surgery in MTM have not yet been described. 
Therefore, we hypothesized that both thickness and poor final 
postoperative vision are the result of damage due to retinal- 
choroid perfusion, represented by lower CVI and CFA values, 
as a consequence of the degenerative and tractional processes 
inherent in elevated myopia or the changes and alterations in 
retinochoroidal perfusion due to macular surgery. However, 
prospective, randomized, and multicenter studies are required 
to define these concepts in the absence of meta-analyses and 
systematic studies.

In a previous preliminary study, we reported a progressively 
smaller CVI at more advanced stages of MTM.24 However, 
when the same assessment was performed for the cohorts in 
this study, no significant differences were found among the 
four stages of MTM at any time point evaluated, although CVI 
tended to decrease over time. Given the significantly larger 
sample size in the present study, the previously observed 
variations in CVI may have been due to sampling noise rather 
than biological variations. Collectively, these results suggest 
that the CVI was not significantly different between the 
MTM stages but was significantly reduced after surgery. 
A possible implication is that the structural worsening in 
these highly myopic eyes depends more on the long-term 
stage and chronic tractional component of the MTM in com-
bination with the lower values in the choroidal perfusional 
stage of the choriocapillaris and choroid according to our 
postoperative quantitative evaluation of these biomarkers or 
is due to the impact of the surgery on the perfusion of the 
posterior pole. However, further long-term prospective studies 
are required to confirm this hypothesis.

The CVI has been proposed as a novel OCT-based para-
meter for quantifying structural vascular changes in the chor-
oid with potential applications in a variety of retinal diseases, 
such as retinitis pigmentosa (RP), Stargardt disease, diabetic 
choroidopathy, geographic atrophy, and retinal vein 
occlusion.9,32–34 In RP, choriocapillaris loss has been reported 
in extracted human eyes,35 and Tan et al36 reported signifi-
cantly lower CVIs in eyes with RP. Similarly, Wei et al32 found 
lower CVI in a cohort of eyes with retinal dystrophies. In 
another study, Ratra et al37 found that CVI was a more robust 
biomarker than CSFT for capturing choroidal alterations in 
eyes with Stargardt disease. Furthermore, the study found no 
significant correlation between visual acuity and CVI.

In the present study, there were no significant differences in 
the CVI between the control and MTM eyes before surgery, 
suggesting that it may not be useful for the diagnosis of MTM. 
In contrast, Wang et al38 reported a greater subfoveal choroidal 
capillary vessel density in eyes with MTM and retinoschisis. 
However, choroidal atrophy is a known part of the pathogen-
esis of MTM, along with RPE atrophy and a reduction in 
adhesion between the RPE and retina.39 It is unclear why 

there were no significant differences in CVI between the con-
trol eyes and eyes with different stages of MTM before surgery 
in this study. A study with a larger sample size, especially in 
more severe cases of MTM, is needed to identify these differ-
ences. However, it is important to note significant differences 
in the postoperative perfusion evaluations, where lower CVI 
and CFA-quantified values were observed when compared 
with the estimated values of the highly myopic eyes conform-
ing to the control group. Consideration of the impact of com-
plex surgery on the microcirculation of the posterior pole in 
these eyes may be warranted, as it could lead to the develop-
ment of more sophisticated low-pressure control perfusion 
vitrectomy techniques with detailed intraoperative control of 
perfusion to preserve the choroid and choriocapillaris intact 
and potentially obtain better functional results. However, this 
hypothesis needs to be proven in future randomized controlled 
trials.

Another important question is whether any relevant patient 
characteristics and choroidal/retinal parameters are correlated 
with visual acuity. In this study, in a series of analyses, we 
found that none of the relevant variables, including CVI, were 
predictive of final visual acuity. Notably, the duration of MTM 
before treatment and, consequently, a more advanced stage of 
MTM characterization tended toward significance (p = .051); 
that is, a longer preoperative duration was associated with 
worse visual outcomes. Currently, the timing of MTM treat-
ment remains controversial because of its progressive 
pathogenesis.40 Although no statistically significant difference 
was found when we analyzed the values among the different 
MTM stages in the long term, these observations highlight the 
need for early diagnosis and treatment to preserve vision.

The present study has several limitations that are worth 
addressing. First, these findings should be confirmed in 
a larger cohort of healthy eyes with myopia or MTM. 
Second, additional assessments of the retina-choroid complex, 
such as multifocal electroretinography, autofluorescence ima-
ging, and microperimetry, may further enhance the current 
understanding of CVI as a potential biomarker for MTM. 
Third, more detailed studies are required to assess the cause 
of postoperative CVI reduction. Despite these limitations, the 
present findings are consistent with the various comparisons 
and parameters among the study groups. Although we did not 
find convincing evidence for CVI as a biomarker for MTM, it 
may be used in combination with other anatomical features to 
provide a more comprehensive assessment of choroidal health.

CONCLUSION

In conclusion, MTM is a progressive degenerative disease 
characterized by alterations in the choroidal vasculature. The 
CVI was significantly reduced after surgery, but there was no 
statistically significant difference between MTM stages and 
between control and MTM eyes presurgery. However, signifi-
cant differences were found between the long-term postopera-
tive CVI and CVI in the healthy myopic control group. Further 
research is required to better understand these complex con-
ditions. These observations suggest that long-term CVI mea-
surement alone may be a reliable biomarker for the presence of 
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MTM and can capture changes in the choroidal vasculature 
after surgical management. Additional studies are needed to 
confirm these findings and to further evaluate the utility of 
CVI as a biomarker for MTM.

ABBREVIATIONS

ATN atrophic (A), tractional (T), and neovascular (N)
BCVA best-corrected visual acuity
CFA choriocapillaris foveal area
CFT central foveal thickness
CSP choriocapillaris subfoveal plexus
CSFT central subfield thickness
CVI choroidal vascularity index
ERM epiretinal membrane
FS-ILM foveal sparing ILM peeling technique
FRD foveoretinal detachment
ILM internal limiting membrane
LCA luminal choroidal area
LogMAR logarithm of the minimum angle of resolution
FS foveoschisis
MH macular hole
MHRD macular hole retinal detachment
MTM myopic traction maculopathy
OCT optical coherence tomography
OCT A optical coherence tomography angiography
PPV pars plana vitrectomy
PM pathologic myopia
PS posterior staphyloma
PVR proliferative vitreoretinopathy
RPE retinal pigment epithelium
RRD rhegmatogenous retinal detachment
RD retinal detachment
SD-OCT spectral-domain OCT
SCA stromal choroidal area
SRF subretinal fluid
TCA total choroidal area
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