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Factors associated with choroidal microvascular dropout
change

Eleonora Michelettil, Sasan Moghimil, Takashi Nishidal, Nevin EI-Nimril, Golnoush
Mahmoudinezhad?, Alireza Kamalipour?, Vahid Mohammadzadeh?, Linda M. Zangwill1,
Robert N. Weinreb?®

IHamilton Glaucoma Center, Shiley Eye Institute, Viterbi Family Department of Ophthalmology,
University of California San Diego, La Jolla, California

Abstract

Background/Aims: To investigate the factors associated with choroidal microvasculature
dropout (MvD) enlargement detected by optical coherence tomography angiography (OCT-A)
in glaucomatous eyes.

Methods: Ninety-one eyes of 68 primary open angle glaucoma (POAG) patients were enrolled.
Only eyes with a minimum of four good quality OCT-A and OCT scans of the optic nerve head
acquired at least and with a minimum of 2 years follow-up were included. Area and angular
circumference of MvD were analyzed on en-face images. Univariable and multivariable mixed
effects models were constructed to identify the factors contributing to MvD area and angular
circumference change over time.

Results: Peripapillary MvD was detected in 53 (58.2%) eyes at baseline and in an additional

17 (18.6%) eyes during follow-up, whereas MvD was not detected in 21 (23.0 %) eyes during
the entire follow-up period. In multivariable analysis, worse baseline VF MD (8=0.27, 95%ClI:
0.10, 0.44, P=0.002), greater intraocular pressure (I0P) fluctuations (3=0.86, 95% ClI: 0.24, 1.48,
P=0.007), higher peak IOP (3=0.17, 95% CI: —0.01, 0.35, P=0.067) and greater number of IOP
lowering medications (8 =1.36, 95% ClI: 0.67, 2.05, P<0.001) were associated with faster MvD
area enlargement. Worse baseline VF MD and greater 0P fluctuation were also associated with
significantly faster MvD circumferential enlargement in multivariable models.

Conclusion: Greater 0P fluctuation, higher peak 10P, worse baseline VF MD and greater
number of glaucoma medications were significantly associated with MvD enlargement in
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glaucomatous eyes. The identification of factors associated with MvD enlargement may improve
our understanding of the role of choroidal vasculature in glaucoma.

Keywords

Choroidal microvasculature dropout; Optical coherence tomography angiography; glaucoma;
glaucoma progression

INTRODUCTION

Glaucoma is a progressive optic neuropathy characterized by optic nerve head (ONH)
damage and visual field (VF) damage.[1] Even though the pathogenesis is still unclear,

the retinal and choroidal microvasculature, have been suggested as having an important
role in the pathophysiology of glaucoma.[2 3] The advent of optical coherence tomography
angiography (OCT-A) has allowed objective and reproducible evaluation and measurement
of this microvasculature.[4] In particular, localized parapapillary choroidal perfusion
impairment detected with OCT-A, known as choroidal microvasculature dropout (MvD),
has been observed in glaucomatous eyes.[5] It is unclear whether such impairment is a
primary cause of glaucomatous optic nerve damage or a secondary result of the damage.
Regardless, the presence of MvD suggests that perfusion is compromised in the deep ONH
tissues, since choroidal circulation in the parapapillary area is supplied by the short posterior
ciliary arteries that also supply the laminar and prelaminar regions of the ONH.[4]

MvD has been detected more frequently in glaucoma eyes with central visual field (VF)
defects, more advanced stage[4 6] and faster progression of the disease.[7—9] Several
systemic risk factors, such as lower ocular perfusion pressure, lower diastolic blood
pressure, cold extremities and migraine, have been more commonly seen in OAG eyes

with MvD compared to eyes without MvD.[4 10-12] An enlargement of MvD area and
angular circumference has been observed in 21.8% to 32.4% of patients with glaucoma over
a mean of two-year follow-up. This increase in MvD size between baseline and last visit
was significantly associated with faster rates of RNFL thinning and VF loss throughout the
follow-up period.[13 14] However, whether other factors are associated with changes in the
area of impaired perfusion over time have not yet been determined. The current study aims
to evaluate whether risk factors such as mean IOP during follow-up, peak IOP and IOP
fluctuation are associated with rates of change of MvD area and angular circumference over
time in a cohort of open-angle glaucoma patients.

MATERIALS AND METHODS

This longitudinal study included POAG patients enrolled in Diagnostic Innovations in
Glaucoma Study (DIGS)[15 16] 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
follow-up visits with annual clinical examinations, imaging and functional testing every

6 months. All participants from the DIGS study who met the inclusion criteria described
below were included. Informed consent was obtained from all study participants. This study
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received the institutional review board approval of The University of California, San Diego
(NCT00221897) and the methodology adhered to tenets of the Declaration of Helsinki.

This study included eyes with a minimum of four qualified OCT-A and OCT scans of
ONH, acquired at least six months apart, and a minimum of 2 years follow-up. Tests (i.e.
OCT-A and IOP) were censored after glaucoma surgery, including trabeculectomy, tube
shunt surgery or bleb revision) during the follow-up. Eyes were classified as glaucomatous
at the OCT-A baseline visit if they had repeatable (at least 2 consecutive) abnormal VVF test
results and evidence of glaucomatous optic neuropathy — defined as excavation, presence of
focal thinning, notching of neuroretinal rim, or localized or diffuse atrophy of the retinal
nerve fiber layer on the basis of masked grading of optic disc photographs by 2 graders. An
abnormal VF test was defined as a pattern standard deviation (PSD) value at the 5% level 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, (3) best-corrected visual acuity
of 20/40 or better at study entry. Exclusion criteria were (1) history of trauma or intraocular
surgery at OCT-A baseline (except for uncomplicated cataract surgery), (2) coexisting retinal
disease, (3) uveitis, (4) non-glaucomatous optic neuropathy, and (5) axial length of 26 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.

Choroidal microvasculature dropout detection

Scans (4.5 x 4.5 mm? - 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 OCT image quality review was completed according to the Imaging Data Evaluation
and Analysis Reading Center standard protocol on 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.

MvD was defined as a complete loss of the choriocapillaris without any visible
microvasculature network within the BPPA, as in previous studies.[13 17]

Dropout was required to be present in at least 4 consecutive horizontal B-scans >200 pm

in diameter in at least one b-scan and in contact with the OCT disc boundary.[4] The

optic disc boundary was automatically detected by the Optovue software. For errors in

disc demarcation, one trained observer (E.M.) masked to the clinical information of the
participants corrected the disc boundary manually by searching for the position of Bruch’s
membrane opening (BMO), as previously described.[18] Two observers (E.M. and N.E.N.),
who were masked to the clinical characteristics of the participants independently determined
the presence or absence of MvD for each patient. Figure 1 shows a representative case of
choroidal microvasculature dropout.

Br J Ophthalmol. Author manuscript; available in PMC 2023 October 01.


https://clinicaltrials.gov/ct2/show/NCT00221897

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Micheletti et al. Page 4

Assessment of MvD area, circumferential angle, and location

Optic disc and parapapillary 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).

MvD angular circumference was measured as previously described. 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. The optic disc center was automatically provided by the AngioVue software, as in
previous studies.[13]

Both area and angular circumference of the MvD were assessed by two trained graders
(E.M. and N.E.N.), who were masked to the clinical data of the patients, including cpRNFL
data.

Disagreement in the MvD detection was resolved by a glaucoma specialist, designated as
the adjudicator (S.M.). MvD area that included large retinal vessels was included as part

of the total 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 measured MvD area. En-face images with reflectance or shadowing of large vessels
were excluded from the quantitative analysis. In eyes with 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 each eye. To define

the location of each MvD, a line was drawn to equally bisect the angular circumferential
margins of the MvD from the ONH center, as previously reported[13]. MvD area and angle
were manually outlined by 2 graders and their measurements were averaged. Figure 2
shows a representative case of MvD enlargement and presents the method used to measure
MvD area and angular circumference.

To take into consideration the ocular magnification in OCT-A, Littmann’s formula was used
to correct measurements of MvD area obtained using ImageJ software.[4] Details of the
formula are provided in previous studies.[19] The Avanti SD OCT has a default axial length
of 23.95 mm and a default anterior corneal curvature radius of 7.77 mm.

Statistical analysis

Patient and eye characteristics data were presented as mean (95% confidence interval
(CD)) for continuous variables and count (%) for categorical variables. In addition to
baseline variables, summaries of IOP parameters (mean, peak and IOP fluctuation) also
are presented. The mean IOP was calculated by averaging all IOP measurements during
follow-up. If patients underwent cataract surgery during the follow-up period, all post-
operative IOP measurements made within 6 months after surgery were excluded. IOP
fluctuation was defined as the standard deviation of IOP measurements during follow-up.

Br J Ophthalmol. Author manuscript; available in PMC 2023 October 01.
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Peak IOP was the highest single measurement during the entire follow-up. Categorical
variables were compared using the chi-square test. We investigated the effect of different
baseline parameters as well as IOP parameters and medications on MvD area and angular
circumference change over time. Univariable and multivariable linear mixed effects models
were constructed to estimate the effect of factors on MvD area and angular circumference
change over time. This standard technique has been described in detail by Laird and Ware.
[20] Briefly, mixed models take into account the natural correlation of longitudinal data
over time, as well as the fact that each patient may contribute two eyes in the analysis.
Differences in rates of change between eyes and participants are taken into account by
introducing random slopes and random intercept. Univariable models were first used to
evaluate the effect of demographic and clinical characteristics and IOP parameters on rates
of MvD area and angular circumference change over time. Finally, we built multivariable
models for each of the IOP parameters that include additional adjustment for age and any
variable in which the P value was <0.1 in univariable analysis. 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 POAG eyes were initially enrolled in the study. Of these, 10 eyes of 7

patients were excluded due to the poor quality of their OCT-A images, resulting in inclusion
of 91 eyes of 68 POAG patients included in the study analysis. Eleven (12.1%) eyes that
underwent glaucoma or complicated cataract surgery were censored during the follow-up.
The demographic characteristics are provided in Table 1. Mean age (95%CI) was 69.7 (67.0,
72.4) years and mean baseline VF MD (95% CI) was —4.7 (-5.8, —3.6) dB. Mean number of
OCT and OCT-A visits (95%CI) were 6.2 (5.8, 6.6) and 5.7 (5.4, 6.0) over a mean (95% CI)
follow-up of 3.9 (3.8, 4.1) years.

Parapapillary MvD was detected in 53 (58.2%) eyes at baseline, while 17 (18.7%) eyes
without MvD at baseline developed MvD during follow-up. MvD was not detected in 21
(23.0%) eyes during the follow-up period. In eyes with MvD, the mean MvD area (95%Cl)
was 0.15 (0.09, 0.22) mm? at baseline and 0.32 mm? (0.24, 0.41) at final follow-up (P
<0.001). In eyes with MvD, the mean MvD angular circumference (95%CI) was 41.3°
(29.3, 53.4) at baseline, while it was 85.4° (69.4.4, 101.4) at the final follow-up (P <

0.001). The mean rates of change of MvD area and angular circumference (95%CI) were
0.05 (0.04, 0.06) mm?2/year and 13.22 (10.67, 15.76) degree/year, respectively. Interobserver
reproducibility for the MvD measurement was reported in detail in our previous study.[9]

Table 2 summarizes the factors contributing to the MvD area change over time. In
univariable analysis, baseline VF MD (B coefficient (95% CI): 0.27 (0.10, 0.44) mm?2/year
per 1 dB higher; P=0.002), mean 10P fluctuations during follow-up (coefficient (95% ClI):
0.86 (0.24, 1.48) mm?2/year per 1 mmHg higher; P=0.007) and the number of medications
(coefficient (95% CI) 1.36 (-0.67, 2.05) degree /year per 1 added medication; P<0.001)
were significantly associated with the rate of MvD area change over time. We present two
multivariable models adjusting for age and baseline VF MD that contain different IOP
parameters: (1) peak IOP and (2) IOP fluctuation. The effect of peak IOP was statistically

Br J Ophthalmol. Author manuscript; available in PMC 2023 October 01.
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significant in Model 1 with coefficient (95% CI) 0.24 (0.06, 0.41) mm2/year per 1 mmHg
higher; P=0.008. The effect of IOP fluctuation also remained statistically significant in
Model 2, with coefficient (95% CI) 0.96 (0.37, 1.56) mm?/year per 1 mmHg higher;
P=0.001.

The mean (95% CI) number of 10P visits was 0.44 (-0.03, 0.91), P=0.066 in univariable
Model of MvD area change, but it was not significant in multivariable Model 2 (P=0.349).
IOP parameters and the number of medications were correlated, therefore the number of
medications was included separately (Model 3).

Table 3 summarizes the factors associated with MvD development in eyes that did not

have MvD detected at baseline but developed MvD during follow-up compared to eyes

that did not develop MvD. In eyes that developed MvD during follow-up, mean (95%

CI) 10P fluctuation (3.5 [2.3, 4.7] vs. 1.9 [1.5, 2,3] mmHg, P=0.012) and the number of
glaucoma medications were significantly greater compared to eyes that did not show develop
detectable MvD during follow-up. (2.5 [1.8, 3.3] vs. 1.6 [1.0, 2.2], P=0.044). Although

both the mean follow-up and the number of follow-up visits were greater in the group of
patients that developed MvD compared to the group that did not show MvD, no significant
differences were found in the number of cataract or glaucoma surgeries at baseline between
the two groups.

Supplemental Table 1 summarizes the factors contributing on the MvD Angle change

over time. In univariable analysis, 10P fluctuations during follow-up (coefficient (95%

Cl) 1.57 (0.06, 3.09) degree /year per 1 mmHg higher; P=0.041) and the number of
medications (coefficient (95% CI) 2.73 (1.05, 4.41) degree /year per 1 higher; P=0.001)
were significantly associated with the rate of MvD angle change over time. As in Table

2, we compared three multivariable models including peak IOP, IOP fluctuation or the
number of medications. The effect of IOP fluctuation remained statistically significant in
the multivariable model (Model 2), with coefficient (95% CI) 1.77 (0.28, 3.26) degree /year
per 1 mmHg higher; P=0.02, whereas the effect of peak IOP was not significant in Model
2, with coefficient (95% CI) 0.39 (=0.05, 0.83) degree /year per 1 mmHg higher; P=0.081.
Figure 3 shows one case of non-progressive MvD and three representative cases of MvD
enlargement: One with worse baseline VF MD, one with high 10P fluctuations and one with
high 10P peak.

DISCUSSION

With four years of follow-up in the current study, dropout of choroidal microvasculature
within the B-PPA was detected in more than three quarters of glaucoma eyes at baseline or
during follow-up. Worse baseline VF MD, higher 10P fluctuations, higher peak IOP during
follow-up and higher number of IOP-lowering medications were significantly associated
with faster MvD area and angular circumference enlargement in POAG eyes. Eyes that
developed MVD after the baseline visit showed greater IOP fluctuations compared to

eyes that did not develop MVD over the follow-up period. These findings suggest that
greater fluctuations in IOP and worse glaucoma severity at baseline are the main factors

Br J Ophthalmol. Author manuscript; available in PMC 2023 October 01.
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associated with the development and rate of enlargement of choroidal perfusion defects in
glaucomatous eyes.

More than half of POAG eyes (n= 53) showed evidence of MvD at baseline, while 17 eyes
with no MvD at baseline developed it over the follow-up. In contrast, 21 eyes (23.0%) did
not show any MvD over the given follow-up period. Whether these eyes subsequently will
develop MvD or not remains to be determined. Only a few previous studies[13 14] evaluated
the longitudinal changes of MvD over time. As they only included eyes with MvD at
baseline in these studies, data were not available regarding the development of MvD during
the follow-up period. What causes MvD is not well-understood. It may reflect a disruption
of the microvasculature contained in the laminar and prelaminar tissues of the ONH tissues,
as the parapapillary choroid and deep ONH structures share short posterior ciliary artery as
a common source of perfusion.[21 22] Since vascular factors may have a significant role in
the development and progression of OAG,[2 3] the development and rate of enlargement of
MvD over time may constitute a potential risk factor for the progression of glaucoma. Due
to the complex vascular anatomy of parapapillary choroid, either an enlargement of area and
angular circumference seems to be present and might show significant associations.

Alternatively, MvD changes may be secondary to worsening of glaucoma. Indeed, factors
associated with MvD enlargement in the present study (i.e., IOP fluctuation, peak IOP,
baseline VF MD) are also risk factors of the disease progression (i.e., RNFL thinning and
VF progression).

Given that MvD and disease progression are closely related, it is possible that these

factors are not directly associated with the MvD enlargement, but are an epiphenomenon

of glaucoma progression. The temporal relationship between the vascular damage and the
structural damage is controversial. Although the current study does not answer this question,
it does enhance our understanding of the mechanisms of the vascular damage.

In the present study, worse baseline VF mean deviation (MD) was found to be significantly
associated with faster rates of MvD area and angular circumference changes over a mean of
4-year follow-up. In a previous cross-sectional study, the presence of choroidal perfusion
defects detected by OCT-A was significantly associated with glaucoma severity[4],
suggesting an association between MvD and advanced disease. On the other hand, baseline
MD was found to be a significant predictor of VF worsening in several cohorts of glaucoma
patients.[23-25] In the JAMDIG study[25], baseline VF damage was a prognostic factor of
glaucoma progression, specifically in eyes with low mean I0P. In the current study, faster
enlargement of MvD may be associated with faster glaucoma progression in eyes with more
advanced disease, even when IOP is seemingly well-controlled.

The relationship between the localized choroidal perfusion defects and IOP parameters is
still unclear. Although several studies did not find any associations between MvD and 10P[4
10], a few studies found that peak IOP was more frequently present in glaucoma patients
with MvD and mean IOP < 21 mm Hg.[12] In the present study, no significant associations
were found between mean IOP and MvD changes during the follow-up period. However,
larger peak 10P was significantly associated with faster MvD area changes during the

Br J Ophthalmol. Author manuscript; available in PMC 2023 October 01.
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follow-up. Furthermore, higher long-term fluctuations of 10OP were significantly associated
with faster enlargement of MvD as well as its development. Indeed, the group of eyes that
developed MvD after the first OCT-A visit showed greater 0P fluctuation compared with
those that did not develop any MvD. These findings suggests that variations in 0P, rather
than mean IOP, may have a role in the progression and development of MvD in these
glaucoma patients.

The role of long-term 10P fluctuation on VF deterioration has been evaluated in several
studies.[25-28] In a cohort from the Advanced Glaucoma Interventional study,[26] long-
term fluctuations were associated with VVF progression in patients with low mean 10P (10.8
mmHg), but not in patients with high mean I0OP (20.6 mmHg). A study by Asrani et al.[27]
noted that in glaucoma patients with normal 10P range during the day, IOP fluctuation,
measured with home tonometry, was a significant risk factor for glaucoma progression.

In the present study, most of the patients were undergoing intensive glaucoma treatment,
with a mean 10P of 14.1 mmHg during follow-up. Since MvD changes were associated
with progressive glaucoma damage, the association between long-term IOP fluctuations
and faster rates of MvD changes may suggest that IOP fluctuations have a role in patients
with seemingly well-controlled IOP and VF progression. Although the mechanism remains
unclear, long-term 10P fluctuations and peak IOP may disrupt homeostatic mechanisms,
causing loading and unloading stresses and, as opposed to conditions of static stress, the
tissue is unable to compensate. As a result, further damage occurs.

When eyes were categorized based on the number of 1OP lowering medications, the use of
beta-blockers, carbonic anhydrases inhibitors (CAI) and alpha-agonists were significantly
associated with the rates of change of MvD area and angular circumference during follow-
up. The role of medications on vessel changes has been discussed in many studies.[29-33]
Topical beta-blockers, especially timolol, have been found to have a vasoconstricting effect
on superficial retinal and choroidal layers. Although the present study found a significant
relationship between the use of beta-blockers and faster rates of MvD changes, beta-blockers
were usually prescribed as second-line therapy in combination with other medications. Thus,
the severity of the disease, history of glaucoma or cataract surgery and number of IOP
measurements may be confounders in these patients. Further studies should be performed to
clarify the role of different IOP-lowering medications on MvD.

Previous studies revealed a significant association between MvD and axial length,
suggesting that the elongation of the eye in myopic eyes may result in increased mechanical
stress on the ONH and peripapillary area leading to vascular insufficiency or dropout

in the choroidal layers. Other studies have suggested that MvD is more related to the
pathophysiological changes of glaucomatous damage than to myopic changes. For example,
Na et al. found that MvD was detected in more than three quarters of myopic POAG eyes
whereas none of the myopic non-POAG eyes showed any dropout.[34] The exclusion of
eyes with axial length>27 mm in the current study might account for us not finding any
association between MvD enlargement and axial length.

Several limitations affect this study. First, area and angular circumference were measured
using the en-face choroidal vessel density image, which may be affected by large overlying
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vessels or disc hemorrhages that project on it, making it difficult to detect or define MvD
boundaries. To reduce subjectivity and potential false negatives of MvD measurements,

we defined MvD as a complete loss of the choroidal microvasculature with a size of at
least 200 microns in diameter within the BPPA.[4] Although the reproducibility of MvD
measurement was excellent in this study, enlargement of MvD assessed manually might be
affected by test—retest variability. In addition, OCT beam penetration due to shadowing or
projection artifact overlaid on the choroid can contribute to the inter-visit variability, and
this can hinder the accurate measurement of the MvD change. The detection of MvD may
also be affected by the BPPA, which was not measured in the present study. Second, the
automatic demarcation of the BMO was not accurate in some eyes. Therefore, a trained
observer manually corrected potential disc margin errors before the quantitative analysis of
MvD size. Also, there was a difference in the number of OCT-A visits between the group
with MvD at baseline and the group without MvD at baseline. Although this difference
was not significant, it may lead to a falsely low rate of MvD detection in eyes without
MvD at baseline. Third, the choroid is not segmented specifically by OCT-A and one cannot
assume that the en-face choroidal vessel density map represents only the choroidal layer.
Fourth, IOP measurements are mere snapshots of true IOP over time and our understanding
of real IOP behavior is limited. The application of sensors that continual measurements of
IOP would provide substantially more information and would strengthen the assessment of
IOP variability.[35 36] Fifth, the sample size of eyes the developed MvD after the baseline
visit is small, so results may not be generalizable to other populations. Last, duration of
IOP-lowering medication use was not considered in this study. However, only medications
used during the given follow-up were included.

In conclusion, higher levels of 10P fluctuations, peak 10P, worse VF MD at baseline and
number of 0P lowering medications during follow-up were the main factors related to
faster MvD enlargement in glaucomatous eyes. IOP fluctuations were significantly greater
in eyes that developed MvD compared to eyes that did not develop MvD during follow-up.
Further studies are needed to clarify the relationship between MvD and 10OP metrics and
other factors, as well as the temporal relationship between the vascular damage and the
structural damage.
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KEY MESSAGES:
. What is already known on this topic:

Choroidal Microvascularure Dropout (MvD) tends to enlarge over time in eyes with
glaucoma. However, factors that are associated with its enlargement still needs to be
investigated.

. What this study adds:

The present study demonstrated that greater IOP fluctuation, higher peak IOP, worse
baseline VF MD are factors associated with the rate of MvD enlargement in
glaucomatous eyes.

. How this study might affect research, practice or policy

The identification of factors associated with MvD enlargement may help physicians and
researchers understand the role of choroidal vasculature or blood flow in glaucoma.
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SYNOPSIS:

In this observational cohort study, greater 0P fluctuation, higher peak 10P, worse
baseline VF MD and greater number of glaucoma medications were significantly
associated with choroidal microvasculature dropout enlargement in glaucomatous eyes.
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Figure 1.
En-face choroidal vessel density image showing Choroidal Microvasculature Dropout

(MvD) area and angular circumference. MvD area was manually outlined using ImageJ
software. The two points at which the extreme borders of MvD area met the optic nerve head
(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. MvD = microvasculature dropout; ONH = optic
nerve head.
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Figure 2.
En-face image showing MvD enlargement over 4 years of follow-up. MvD area was

manually measured (yellow outline) in each image of the follow-up. 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.
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Figure 3.
Representative case of MvD showing no enlargement over time (A); MvD enlargement in

an OAG eye with worse VF MD at baseline (MD -11.4 dB); MvD enlargement in an OAG
eye with high IOP fluctuations 0P (IOP SD: 4.7) during follow-up; MvD enlargement in an
OAG eye with high IOP peak (IOP 28 mmHg) during follow-up.
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