
UC San Diego
UC San Diego Previously Published Works

Title
Rates of Choroidal Microvasculature Dropout and Retinal Nerve Fiber Layer Changes in 
Glaucoma

Permalink
https://escholarship.org/uc/item/5w40t48f

Authors
Micheletti, Eleonora
Moghimi, Sasan
Nishida, Takashi
et al.

Publication Date
2022-09-01

DOI
10.1016/j.ajo.2022.04.024
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/5w40t48f
https://escholarship.org/uc/item/5w40t48f#author
https://escholarship.org
http://www.cdlib.org/


Rates of Choroidal Microvasculature Dropout and Retinal Nerve 
Fiber Layer Changes in Glaucoma

Eleonora Micheletti1,*, Sasan Moghimi1,*, Takashi Nishida1, Nevin El-Nimri1, Golnoush 
Mahmoudinezhad1, Alireza Kamalipour1, Harsha L. Rao3,4, Linda M. Zangwill1, Robert N. 
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1Hamilton Glaucoma Center, Shiley Eye Institute, Viterbi Family Department of Ophthalmology, 
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3Narayana Nethralaya, Bangalore, India.

4University Eye Clinic Maastricht, University Medical Center, Maastricht, the Netherlands.

Abstract

Purpose: To evaluate the association between rates of choroidal microvasculature dropout 

(MvD) change and rates of circumpapillary retinal nerve fiber layer (cpRNFL) loss in primary 

open-angle glaucoma (POAG) eyes.

Design: Cohort study from clinical trial data

Methods: A total of 91 eyes of 68 POAG patients with and without localized MvD at baseline 

with at least 4 visits and 2 years follow-up with optical coherence tomography angiography 

(OCT-A) and OCT scans were included. Area and angular circumference of MvD were evaluated 

on OCT-A en-face and B-scan choroidal vessel density images during the follow-up period. 

Joint longitudinal mixed effects models were used to estimate the rates of change in MvD area 

or angular circumference and RNFL thickness. Univariable and multivariable regressions were 

completed to identify the factors contributing to cpRNFL thinning.

Results: MvD was identified in 53 (58.2%) eyes at baseline. Seventeen eyes (18.6%) eyes that 

did not show MvD at baseline developed it over the follow-up period. Over a mean follow-up of 

4.0 years, the mean rates of change of MvD area and angular circumference (95%CI) were 0.05 

(0.04, 0.06) mm2/year, and 13.2 (10.7, 15.8) degree/year, respectively. In multivariable models, the 

rate of cpRNFL thinning was significantly associated with the rates of change of MvD area and 

angular circumference (P=0.008 and P=0.009, respectively).

Conclusions: Rates of MvD area and angular circumference change over time were associated 

with concurrent rates of cpRNFL loss in POAG eyes.
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Faster change in Choroidal Microvasculature Dropout area and angular circumference was 

moderately, and significantly, associated with faster concurrent Retinal Nerve Fiber Layer loss 

in a cohort of Open-Angle Glaucoma patients during a mean follow-up of four years.

Keywords

Choroidal Microvasculature Dropout change; retinal nerve fiber layer thinning; optical coherence 
tomography angiography; glaucoma progression

INTRODUCTION

Glaucoma is a progressive optic neuropathy characterized by structural changes in 

the optic nerve head (ONH), circumpapillary retinal nerve fiber layer (cpRNFL) and 

accompanying damage in the visual field (VF).1,2 Although the pathophysiological process 

in glaucoma is still unclear, the vascular system and, in particular, the retinal and choroidal 

microvasculature, seem to have a contributory role.3,4

A localized parapapillary perfusion defect, known as choroidal microvasculature dropout 

(MvD), has been well recognized in the choroidal layer of glaucoma patients on optical 

coherence tomography angiography (OCT-A) scans. MvD was found to correspond to 

perfusion defects on indocyanine green angiography5, indicating that MvD represents a 

true circulatory defect in the peripapillary choroid related to a compromised perfusion 

in the deep tissues of the optic nerve head (ONH).5,6 When detected at baseline, MvD 

was associated with progressive VF loss and/or cpRNFL thinning.7–9 Moreover, its area 

topographically corresponded with the location of cpRNFL defects in the majority of the 

eyes.10,11 Recently, an enlargement of peripapillary MvD was observed in glaucomatous 

eyes and these changes in size appeared to be greater in eyes with accelerated glaucoma 

progression.12

Disc hemorrhage (DH)13–15 and decreased ocular perfusion pressure16 have been strongly 

associated with the presence of MvD. Other studies reported a topographic association 

between MvD and LC defects6,17,18. This suggests that a microvasculatory impairment 

involving LC and peripapillary choroid, both supplied by the short posterior ciliary artery, 

may explain the structural changes of the LC and lead to MvD.19 Localized perfusion 

defects in the peripapillary choroid have been more frequently seen in eyes with initial 

parafoveal VF defects within a 10° radius compared to eyes with initial nasal VF damage.14 

In addition, systemic risk factors, such as diastolic blood pressure, cold extremities, 

migraine, known to be associated with parafoveal scotomas20, have been associated with 

MvD.6,21 These findings suggest that the presence of MvD may be part of a specific 

pattern of glaucomatous central VF loss with an underlying pathogenetic mechanism of 

glaucomatous optic neuropathy. The loss of sensitivity in the central area of the VF carries a 

greater impact on the ability to perform activities of daily living in patients diagnosed with 

glaucoma. Therefore, its progressive decline is closely related to faster decline in quality of 

life of glaucoma patients.22
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The current study aims to evaluate whether changes of MvD over time is related to 

progressive cpRNFL thinning. This may enhance our understanding of the role of MvD 

in the glaucoma monitoring and provide a rationale for utilizing MvD changes as a potential 

marker of glaucoma progression.

METHODS

This longitudinal study included POAG patients enrolled in Diagnostic Innovations in 

Glaucoma Study (DIGS)23,24 who underwent OCT-A (Angiovue; Optovue Inc., Fremont, 

CA) and spectral-domain OCT (Spectralis, Heidelberg Engineering, Germany) imaging. 

Participants were assessed longitudinally according to a standard protocol consisting of 

regular follow-up visits with clinical examination, imaging, and functional tests. All 

participants from the DIGS study who met the inclusion criteria described below were 

included. Informed consent was obtained from all study participants. The University of 

California, San Diego Human Subject Committee approved all protocols, and the methods 

described adhered to tenets of the Declaration of Helsinki.

This study included eyes with a minimum of 4 qualified OCT-A and OCT scans of ONH and 

a minimum of 2 years follow-up. Eyes were classified as glaucoma if they had repeatable 

(at least 2 consecutive) abnormal VF test results with evidence of glaucomatous optic 

neuropathy – defined as excavation, the presence of focal thinning, notching of neuroretinal 

rim, or localized or diffuse atrophy of the cpRNFL on the basis of masked grading of optic 

disc photographs by 2 graders. An abnormal VF test was defined as a pattern standard 

deviation (P < 0.05) or a Glaucoma Hemifield Test result outside normal limits.

Inclusion criteria also included (1) older than 18 years of age, (2) open angles on 

gonioscopy, and (3) best-corrected visual acuity of 20/40 or better at study entry. Exclusion 

criteria were (1) history of trauma or intraocular surgery (except for uncomplicated 

cataract surgery or glaucoma surgery), (2) coexisting retinal disease, (3) uveitis, (4) non-

glaucomatous optic neuropathy, and (5) axial length of 27 mm or more. Participants with the 

diagnosis of systemic diseases such as Parkinson’s disease, Alzheimer’s disease, dementia, 

or a history of stroke were excluded. Those with poor-quality OCTA and OCT were also 

excluded.

OCT Measurements

The Spectralis SDOCT (Spectralis HRA+OCT, software version 5.4.7.0; Heidelberg 

Engineering, Inc.) was used for cpRNFL thickness measurements. The details of the 

SDOCT imaging have been previously reported.25 The cpRNFL thickness was measured 

using a high-resolution cpRNFL circle scan consisting of 1536 A-scan points from a 

3.45mm circle centered on the optic disc. Follow-up scans were performed using a built-in 

automated realignment procedure (referred to as the follow-up examination in the system 

documentation). The accuracy of the segmentation of the cpRNFL was reviewed and 

segmentation errors were fixed manually by Imaging Data Evaluation and Analysis Reading 

(IDEA) Center personnel.
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Choroidal microvasculature dropout detection

ONH 4.5 X 4.5 mm2 (304 B-scans x 304 A-scans per B-scan) centered on the ONH were 

acquired with the AngioVue OCT-A system (software version 2018.1.1.63). The retinal 

layers of each scan were segmented automatically by the AngioVue software and the en-face 

choroidal vessel density map was acquired. Only good-quality images were included. OCT-

A and SD-OCT image quality review was completed according to the IDEA Center standard 

protocol on all scans processed with standard AngioVue software. Poor-quality images were 

excluded; these were defined as images with 1) low scan quality with quality index (QI) of 

less than 4; 2) poor clarity; 3) residual motion artifacts visible as irregular vessel pattern or 

disc boundary on the en-face angiogram; 4) image cropping or local weak signal resulting 

from vitreous opacity; or 5) segmentation errors that could not be corrected. Dropout was 

required to be present in at least 4 consecutive horizontal B-scans and also to be >200 μm 

in diameter in at least one scan and to be in contact with the OCT disc boundary. The 

optic disc boundary was automatically detected by the Optovue software. In case of errors 

in disc demarcation, one trained observer masked to the clinical information of the subjects 

corrected the disc boundary manually by searching for the position of Bruch’s membrane 

opening (BMO), as previously described.26 Two observers, who were masked to the clinical 

characteristics of the participants independently determined the presence or absence of MvD 

for each patient.

Assessment of MvD area, circumferential angle and location

Optic disc and the peripapillary atrophy (PPA) margins were detected by simultaneously 

viewing the stereoscopic optic disc photographs and the scanning laser ophthalmoscopic 

(SLO) images that were obtained along with the OCT-A images. MvD area was manually 

demarcated on en-face choroidal vessel density maps using the line tool provided by 

ImageJ software (Version 1.53; available at http://imagej.nih.gov/ij/download.html; National 
Institute of Health, Bethesda, Maryland, USA). Littmann’s formula was used to correct the 

ocular magnification in OCT-A.27,28 Details of the formula are provided elsewhere.28 The 

Avanti SD OCT has a default axial length of 23.95 mm and an anterior corneal curvature 

radius of 7.77 mm.

MvD angular circumference was measured as previously described.12 In brief, the two 

points at which the extreme borders of MvD area met the ONH border were identified and 

defined as angular circumferential margins. The angular circumference was then determined 

by drawing two lines connecting the ONH center to the angular circumference margins of 

the MvD.

Both area and angular circumference of the MvD were assessed by two trained graders who 

were masked to the clinical data of the patients, including cpRNFL data (EM and NEN). 

Any uncertainty was resolved by a glaucoma specialist, designated as the third grader (SM). 

MvD area that included large retinal vessels was included as part of the MvD area if the 

MvD extended beyond the vessels. In cases where the retinal vessels were located at the 

border of the MvD, the area covered by the vessels was excluded from the MvD area. 

Reflectance or shadowing of the large vessels on the horizontal and en-face images was 

excluded from the quantitative analysis by the two independent graders. In an eye showing 

Micheletti et al. Page 4

Am J Ophthalmol. Author manuscript; available in PMC 2023 June 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://imagej.nih.gov/ij/download.html


more than one MvD, the area and the angular extent of each MvD were calculated separately 

and then added together to determine the total area and the total angular extension of MvD 

for the eye.

The sectoral location of the dropout was determined based on the 8 separate sectors 

corresponding to those on the cpRNFL vessel density map of the OCTA. For each MvD, 

a line was drawn to equally bisect the angular circumferential margins of the MvD from 

the ONH center, as previously reported,29 to define the location of the MvD. Disagreements 

between the 2 observers in assessing presence and location of MvD were adjudicated by 

the third experienced grader (SM). The location of MvDs was categorized as hemispheric 

(superior, inferior, or both) corresponding to those on OCT-A and OCT parameters.

Statistical analysis

Patient and eye characteristics data were presented as mean (95% confidence interval 

(CI)) for continuous variables and count (%) for categorical variables. Interobserver 

agreement in detecting presence of MvD was assessed using k statistics (i.e., k value) and 

interclass correlation coefficient (ICC) was used for MvD area and angular circumference 

measurements. Categorical variables were compared using the chi-square test.

Mixed-effects modeling was used to compare ocular parameters among groups. A joint 

longitudinal linear mixed effects model was used to estimate the rates of change for both 

cpRNFL and MvD, with random effects applied at the eye level. The details on the use 

of these models for evaluation of rates of change in glaucoma and to model longitudinal 

processes have been published.30,31 Briefly, linear mixed models estimate the average rate of 

change in an outcome variable using a linear function of time, and subject- and eye-specific 

deviations from this average rate are introduced by random slopes, while taking into account 

for the potential influence of inter-eye correlation. In joint longitudinal modeling, both 

cpRNFL and MvD data are modeled simultaneously. This allows a better determination of 

the true underlying relationship between the two outcomes by considering measurement 

error. Specifically, we evaluated the association between cpRNFL rate of change with 1) 

MvD area and 2) MvD angular circumference rate of change.

The effect of rates of MvD area or angular circumference changes as well as potential 

predictors, such as age, mean IOP during follow-up and any other variable in which the 

P value was <0.1 in univariable analysis on the RNFL thinning during the follow-up 

was introduced in the multivariable model. Statistical analyses were performed using Stata 

version 16.0 (StataCorp, College Station, TX). P values of less than 0.05 were considered 

statistically significant for all analyses.

RESULTS

A total of 101 eyes of 75 POAG patients were initially included. Among them, 10 eyes of 

7 patients were excluded due to the presence of artifacts or shadowing from large vessels, 

resulting in 91 eyes of 68 patients that were finally included in the analysis.
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The demographic characteristics are provided in Table 1. Mean (95%CI) age was 69.0 (66.6, 

71.4) years, and mean (95% CI) baseline VF MD was −4.7 (−5.8, −3.6) dB. The mean 

(95%CI) number of OCT and OCTA visits were 6.2 (5.8, 6.6), and 5.7 (5.4, 6.0), over a 

mean follow-up of 4.0 (3.9, 4.2) years. Interobserver agreement in detecting the presence 

of MvD (95%CI) was excellent (k= 0.988 (0.986, 0.990). The ICC for interobserver 

reproducibility in measuring the area and the angular circumference of MvD (95%CI) was 

0.977 (0.973, 0.980) and 0.977 (0.973, 0.980), respectively.

Peripapillary MvD was detected in 53 (58.2%) eyes at baseline, whereas 17 (18.6%) eyes 

that did not show MvD at baseline developed it over the follow-up period. Among the 53 

eyes having MvD at baseline, in 21 eyes (39.6%) it was located in the inferior hemisphere, 

4 eyes (7.6%) in the superior hemisphere, and in 28 eyes (52.8%) MvD was present in both 

hemispheres.

The mean (95%CI) MvD area was 0.15 (0.09, 0.22) mm2 at baseline and 0.32 mm2 (0.24, 

0.41) at final follow-up (P <0.001). The mean (95%CI) MvD angular circumference was 

41.3° (29.3, 53.4) at the baseline, while it was 85.4° (69.4.4, 101.4) at the final follow-up (P 

< 0.001). The mean (95%CI) rates of change of MvD area and angular circumference were 

0.05 (0.04, 0.06) mm2/year, and 13.22 (10.67, 15.76) degree/year, respectively. The rates of 

change of MvD area in eyes with mean IOP during follow-up >16 mmHg were significantly 

lower compared to those with mean IOP during follow-up IOP <16 mmHg (0.02 [−0.03, 

0.00] mm2/year lower, P=0.049).

Figure 1 shows a representative case of the relationship between MvD area enlargement and 

cpRNFL thinning in a glaucomatous patient.

Table 2 shows the effect of corrected MvD area change on cpRNFL thinning in univariable 

and multivariable mixed model. In univariable analysis, rate of change of MvD area was 

significantly associated with cpRNFL thinning (−6.11 [−12.60, 0.38] μm/year per 1 mm2/

year increase; P=0.064. After adjustment for confounding factors (i.e., age, self-reported 

hypertension and mean IOP during follow-up), the rate of change of MvD area and baseline 

VF MD (coefficient [95%CI) were significantly associated with cpRNFL progression (−8.80 

[−15.24, −2.36] μm/year per 1 mm2/year increase; P=0.008, and 0.06 [0.03, 0.09] dB/year 

per 1 dB worse; P < 0.001).

In eyes with MvD in the inferior hemisphere at baseline (n=21), the RNFL thinning 

tended to be faster in the inferior hemisphere (−0.48 (−0.84, −0.13 μm/year) compared 

to the superior hemisphere (−0.37 (−0.63, −0.12) μm/year), although this difference was not 

significant (P=0.609).

Table 3 shows the effect of MvD angular circumference on cpRNFL progression in 

univariate and multivariate mixed models. In univariable analysis, the rate of change of 

MvD angular circumference (coefficient [95%CI]: −0.26 [0.49, −0.04] μm/year per 10 

degree/year; P = 0.021), baseline VF MD (coefficient [95%CI]: 0.03 [0.01, 0.05] μm/year 

per 1 dB worse; P =0.002) and self-reported hypertension (coefficient [95%CI]: 0.30 [−0.01, 

0.65] μm/year; P=0.098) were found to be associated with MvD angular circumference 

enlargement. After adjustment for confounding factors, MvD angular circumference rate of 
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change (coefficient [95%CI]: −0.30 [−0.53, −0.08] μm/year per 10 degree/year; P = 0.009) 

and baseline VF MD (coefficient [95%CI]: 0.05 [0.02, 0.07]; P <0.001), were the main 

factors associated with cpRNFL thinning.

While MvD area change was associated with RNFL thinning in early (>−6dB) glaucoma 

eyes (coefficient (95% CI): −12.01 (−21.84, −2.18) 1 mm2/year per 1 μm/year, P=0.018) 

in univariable analysis, no association was observed between MvD area change and 

RNFL thinning in moderate-advanced (<−6dB) glaucoma eyes (coefficient (95%CI): −5.57 

(−14.31, 3.18), P=0.198).

DISCUSSION

With more than four years of follow-up, this study demonstrated that more than two-thirds 

of POAG eyes showed evidence of MvD throughout the follow-up. We also showed that 

faster rates of progressive cpRNFL thinning were associated faster increases in MvD 

area and circumference (R2 ranged from 0.10 to 0.30), and may be useful for assessing 

progression in glaucomatous patients. These findings enhanced the current understanding 

of the role of MvD in glaucoma pathogenesis and may provide an additional strategy for 

monitoring glaucoma using OCT-A technology.

Previous studies reported a significant association between MvD and parameters of 

functional and structural damage, such as VF, 6,21 cpRNFL,6,32 and GCC.33 The presence of 

MvD at baseline was more frequently found in patients with ocular and systemic prognostic 

factors and it appeared one of the strongest predictors of accelerated progression.34 

Recently, studies reported an enlargement of MvD in some patients with glaucoma;12,29 

this suggests that the extent of the enlargement might be related to the rate of visual 

loss. In the present study, the rates of change of MvD were significantly associated with 

the rates of cpRNFL thinning throughout a mean of 5.7 OCT-A visits and 4 years of 

follow-up. In separate models, both MvD area and angular circumference changes appeared 

to be independently associated with concurrent cpRNFL thinning. Moreover, this association 

was higher in the early stages of glaucoma compared to the moderate-advanced stages. 

In agreement with our findings, Kim et al. showed faster global cpRNFL thinning in 

eyes with larger increases in MvD area at 2 years follow-up visit.12 Similarly, Lee et al. 

observed faster rates of VF loss in eyes with greater angular enlargement of MvD whereas 

the VF progression was slower in eyes with stable or little MvD angular enlargement.29 

However none of the previous studies estimated the trend of changes of MvD area and 

angular circumference; they evaluated the MvD only twice, once at the beginning and 

once at the final visit. We demonstrated that the assessment of MvD trend using OCT-A 

may represent an adjunctive parameter that can help clinicians to identify and monitor 

progressive glaucomatous damage.

In eyes with MvD in inferior hemisphere at baseline, RNFL thinning tended to be faster 

in the inferior hemisphere compared to superior hemisphere. A relatively small sample 

size does not have the power to expose such a small effect, possibly resulting in a type II 

error. Further larger studies are needed to assess the topographical association between MvD 

location and RNFL thinning.
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Previously, Leung CK et al. reported that widening of RNFL, detected by Cirrus SD-OCT, 

was the predominant pattern of progressive change of RNFL defects.35 Although the present 

study examined the relationship between MvD changes and RNFL thinning, further studies 

are needed to elucidate the topographic correlation between the location of MvD and the 

location of RNFL widening using other OCT instruments.

As MvD mostly constitutes a localized perfusion defect of the choriocapillaris and choroidal 

microvasculature in the ß-PPA region, it may indicate an impaired perfusion of the ONH 

deep tissues. Since vascular factors may play a relevant role in the prognosis of OAG,36,37 

the presence of MvD and its changes may be considered a parameter that represents 

accelerated glaucomatous damage. In the present study more than two-thirds of POAG eyes 

showed evidence of MvD at baseline or over the follow-up. Although it is still unclear 

whether MvD is primary or secondary to RNFL loss, there are several hypotheses to 

explain this relationship. One possible explanation is that MvD changes may be involved 

in a pathophysiological process that leads to glaucoma progression. As MvD is associated 

with risk factors closely linked to vascular insufficiency at the ONH, eyes with signs of 

increasing hypoperfusion to the ONH, such as an enlargement of the MvD, may show 

faster progression compared to those without MvD changes. Another hypothesis is that MvD 

may be the result of a secondary change associated with progressive RNFL damage. A 

diminished metabolic need related to progressive retinal ganglion cell loss may be associated 

with reduced or unstable perfusion in the deep-layer ONH structures, resulting in the 

enlargement of MvD.

Interestingly, in the present study, the rates of change of MvD area in eyes with mean IOP 

during follow-up >16 mmHg were significantly lower compared to those with mean IOP 

during follow-up IOP <16 mmHg. These findings suggest that changes in MvD size are not 

correlated with IOP, confirming that IOP-independent mechanisms, such as an insufficient 

or unstable perfusion, have a role in the process that leads to MvD changes.38 Alternatively, 

it may be related to the high probably of aggressive treatment in eyes with faster RNFL 

thinning – which may result in lower IOP associated with not only faster RNFL thinning, 

but also greater MvD changes. In addition, no significant association was found between 

average IOP during follow-up and the rates of RNFL thinning in eyes with MvD. These 

findings differ from the study by Kim et al.12, who found that IOP during follow-up was an 

independent parameter for RNFL thinning in eyes with MvD.

This study has several limitations. First, MvD size was measured on the en-face choroidal 

vessel density map, which subject to many limitations. To minimize subjectivity in 

the measurements of MvD, we defined MvD as a complete loss of the choroidal 

microvasculature with a size of 200 microns or greater in diameter, a method that has been 

validated in previous studies.6 In addition, large overlying vessels or DHs may project onto 

en-face choroidal vessel density images, and may induce projection artifacts or shadows or 

make it difficult to detect or define MvD boundaries. In order to reduce these potential false 

negatives, MvD was defined by 2 examiners using both en-face and B-scan images and we 

found a good interobserver agreement (k=0.977) between graders. Second, MvD area and 

angular circumference were measured on en-face images using the automatic demarcation of 

the BMO, and this was not accurately demarcated in some eyes. To overcome this limitation, 
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disc margin errors were manually corrected before the quantitative analysis of MvD by a 

trained observer, who was masked to the clinical characteristics of the subjects. Third, the 

en-face choroidal vessel density image was used to detect MvD. Although this slab includes 

both choroid and inner sclera, the choroid is not segmented specifically and one cannot 

assume that it represents only the choroidal layer. Fourth, in our analysis we evaluated the 

association of the rate of global RNFL thinning with MvD area and circumference which are 

by definition focal measurements. It is possible that stronger associations would be found 

if sectoral RNFL thinning was included in the models. The Spectralis was used to evaluate 

cpRNFL thinning since its reproducibility of cpRNFL is better than with Optovue.39,40 

Avanti does not have protocol for disc-fovea alignment and the optic nerve head sectors 

might not be completely correspond between the two instruments. However, the detailed 

topographic correlation between the change in MvD area and angle circumference and the 

angular location of progressive cpRNFL loss was not evaluated in the present study. Thus, 

our results are minimally affected by this issue.

Last, ocular magnification effects associated with axial length might have influenced MvD 

area as measured by OCT-A. However, eyes with axial length > 27 mm were excluded in the 

current study. Moreover, Littmann’s formula was used to correct the magnification effect.

In conclusion, faster change in MvD area and angle circumference was moderately, and 

significantly, associated with faster cpRNFL thinning in glaucoma eyes during a mean 

follow-up of 4 years. Future studies are needed to assess whether MvD enlargement can 

improve monitoring of glaucoma patients.
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Synopsis

In this observational cohort study, the rates of choroidal microvasculature dropout area 

and angular circumference change over time were associated with concurrent rates of 

circumpapillary retinal nerve fiber loss in glaucomatous eyes.
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Figure 1. 
En-face choroidal VD map showing MvD area changes and corresponding RNFL thinning 

over 4-year follow-up in a POAG eye. The rate of MvD area (red outline) and angular 

circumference (yellow outline) enlargement was 0.04 mm2/year and 8.40 degree/year, 

respectively. The rate of global RNFL thinning was −0.50 um/year
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Table 1.

Demographics and Clinical characteristics of the subjects

Variables

Patients (eyes) 68 patients (91 eyes)

Baseline age (years) 69.0 (66.6, 71.4)

Gender (Female/ Male) 34/34

Race (African American/Non-African American) 19/49

Self-reported hypertension, n (%) 46 (66.7)

Self-reported diabetes, n (%) 11 (15.9)

Axial length (mm) 24.1 (23.9, 24.4)

CCT (μm) 532.7 (523.3, 542.1)

Baseline IOP (mmHg) 14.1 (13.2, 14.9)

Disease Severity by baseline 24–2 VF MD

 Early glaucoma (MD≥−6 dB), Eye No. (%) 67 (73.6)

 Moderate and advanced glaucoma (MD<−6 dB), Eye No. (%) 24 (26.4)

Baseline VF MD (dB) −4.7 (−5.8, −3.6)

cpRNFL at baseline (μm) 72.5 (69.3, 75.7)

cpRNFL at the last visit (μm) 70.0 (66.9, 73.2)

Corrected MvD area at baseline (mm2) 0.15 (0.09, 0.22)

Corrected MvD area at the last visit (mm2) 0.32 (0.24, 0.40)

MvD angle at baseline (degree) 41.3 (29.3, 53.4)

MvD angle at the last visit (degree) 85.4 (69.4, 101.4)

OCT follow-up visits (n) 6.2 (5.8, 6.6)

OCTA follow-up visits (n) 5.7 (5.5, 6.0)

Follow-up (years) 4.0 (3.9, 4.2)

CCT = central corneal thickness; cpRNFL = circumpapillary retinal nerve fiber layer; IOP = intraocular pressure; MD = mean deviation; MvD = 
microvascular dropout; n = number; OCT = optical coherence tomography; OCTA = optical coherence tomography angiography; VF = visual field. 
Values are shown in mean (95% confidence interval), unless otherwise indicated.

Am J Ophthalmol. Author manuscript; available in PMC 2023 June 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Micheletti et al. Page 15

Table 2.

Association between rate of cpRNFL Thinning Over Time and Factors including MvD Area (n= 91 eyes)

Variables Univariable Model Multivariable Model 1 Multivariable Model 2

β, 95 % CI P value β, 95 % CI P value β, 95 % CI P value

Age, per 10 years older 0.04 (−0.13, 0.22) 0.639 0.10 (−0.04, 
0.25)

0.164 0.01 (−0.01, 
0.02)

0.239

Gender: Female 0.20 (−0.12, 0.51) 0.217

Race: African American −0.06 (−0.43, 0.31) 0.747

Self-reported hypertension 0.27 (−0.10, 0.64) 0.154

Self-reported diabetes 0.17 (−0.25, 0.59) 0.430

Axial length, per 1mm longer 0.05 (−0.05, 0.15) 0.323

CCT, per 100 μm thinner −0.01 (−0.29, 0.28) 0.961

Baseline IOP, per 1 mmHg higher −0.02 (−0.05, 0.01) 0.252 0.00 (−0.03, 
0.03)

0.933

Mean IOP during follow-up, per 1 mmHg 
higher

−0.02 (−0.05, 0.02) 0.312 −0.01 (−0.04, 
0.02)

0.538

Baseline VF MD, per 1 dB worse 0.04 (0.01, 0.06) 0.002 0.01 (−0.01, 
0.04)

0.301 0.06 (0.03, 0.09) <0.001

Scan Quality, per 1 higher −0.13 (−0.30, 0.04) 0.138

Follow-up period, per 1 year longer −0.03 (−0.22, 0.15) 0.739

No. of OCT follow-up visits 0.04 (−0.04, 0.13) 0.305

MvD area at baseline, per 1 mm2 0.81 (0.49, 1.13) <0.001 0.76 (0.21, 
1.32)

0.008

MvD area change, per 1 mm2/year −6.11 (−12.60, 0.38) 0.064 −8.80 (−15.24, 
−2.36)

0.008

CCT = central corneal thickness; IOP = intraocular pressure; MD = mean deviation; MvD = microvascular dropout; OCT = optical coherence 
tomography; VF = visual field. Values are shown in β coefficient (95% confidence interval). Statistically significant P values are shown in bold. 
The value of MvD area was multiplied by one hundred to enhance the readability of the Table.
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Table 3.

Association between rate of cpRNFL Thinning Over Time and Factors including MvD angular circumference 

(n= 91 eyes)

Variables Univariable Model Multivariable Model 1 Multivariable Model 2

β, 95 % CI P value β, 95 % CI P value β, 95 % CI P value

Age, per 10 years older 0.06 (−0.10, 0.22) 0.443 0.05 (−0.10, 
0.19) 0.512 0.08 (−0.05, 

0.21) 0.201

Gender: Female 0.21 (−0.09, 0.51) 0.173

Race: African American −0.02 (−0.37, 0.33) 0.908

Self-reported hypertension 0.30 (−0.06, 0.65) 0.098 0.29 (−0.08, 
0.65) 0.123 0.15 (−0.13, 

0.43) 0.297

Self-reported diabetes 0.15 (−0.27, 0.58) 0.471

Axial length, per 1mm longer 0.05 (−0.05, 0.16) 0.322

CCT, per 100 μm thinner 0.01 (−0.26, 0.29) 0.916

Baseline IOP, per 1 mmHg higher −0.01 (−0.04, 0.01) 0.294 −0.01 (−0.03, 
0.02) 0.702

Mean IOP during follow-up, per 1 mmHg 
higher −0.01 (−0.04, 0.02) 0.360 −0.01 (−0.03, 

0.02) 0.610

Baseline VF MD, per 1 dB worse 0.03 (0.01, 0.05) 0.002 0.02 (−0.01, 
0.05) 0.121 0.05 (0.02, 

0.07) <0.001

Scan Quality, per 1 higher −0.14 (−0.31, 0.03) 0.112

Follow-up period, per 1 year longer −0.02 (−0.20, 0.16) 0.856

No. of OCT follow-up visits 0.05 (−0.03, 0.13) 0.215

MvD angle at baseline, per 1 degree 0.03 (0.01, 0.05) 0.007 0.02 (−0.01, 
0.05) 0.160

MvD angle change, per 10 degrees wider/year −0.26 (−0.49, −0.04) 0.021 −0.30 (−0.53, 
−0.08) 0.009

CCT = central corneal thickness; IOP = intraocular pressure; MD = mean deviation; MvD = microvascular dropout; OCT = optical coherence 
tomography; VF = visual field. Values are shown in β coefficient (95% confidence interval). Statistically significant P values are shown in bold.
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