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PURPOSE. To explore the correlation between longitudinal changes of peripapillary retinal
nerve fiber layer (RNFL) thickness and the presence of parapapillary choroidal microvasculature dropout (MvD).
METHODS. This is a longitudinal cohort study. All patients with normal-tension glaucoma (NTG)
were recruited from the Wenzhou Glaucoma Progression Study. The presence of MvD was
determined using optical coherence tomography (OCT) angiography and the RNFL thickness
was evaluated by spectral-domain OCT. All assessments were performed both at baseline and
at every 3-month follow-up for at least 18 months.
RESULTS. Seventy-one eyes were included. The presence of MvD was observed in 23 NTG eyes
(32.4%). Eyes with MvD had a thinner RNFL (68.8 6 9.6 vs. 76.2 6 16.7 lm, P ¼ 0.016) and a
faster rate of RNFL loss (1.2 6 1.5 vs. 0.4 6 1.4 lm/y, P ¼ 0.036) compared with those
without MvD. In a univariate analysis of rates of RNFL loss, the presence of MvD at baseline (b
¼ 0.83 6 0.38, P ¼ 0.033) was significantly associated with progressive RNFL loss. After
adjusting for age, female sex, mean follow-up IOP, axial length, central corneal thickness, and
mean deviation, the presence of MvD at baseline (b ¼ 0.85 6 0.41, P ¼ 0.041) was
significantly associated with faster rates of RNFL loss in the multivariate analysis.
CONCLUSIONS. There is a significant correlation between the presence of MvD and decrease in
RNFL thickness in NTG patients. Our study further supported that the presence of MvD is a
predictor of longitudinal RNFL damage in glaucoma.
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OAG is a multifactorial progressive disease that can result in
irreversible blindness. The pathophysiology of this disease
is not yet fully understood.1 Accumulating evidence suggests
that retinal vessel perfusion may play an important role in the
onset and progression of POAG.2,3 Previous studies4–6 showed
lower retinal vessel perfusion density in patients with POAG
compared with that of healthy subjects. POAG is clinically
categorized as high-tension glaucoma (HTG) and normaltension glaucoma (NTG). Xu et al.7 demonstrated that
peripapillary vessel density is significantly lower in NTG than
in HTG. NTG may be more strongly associated with vascular
pathogenesis, rather than IOP.8 However, the underlying
mechanism of NTG requires further exploration.
Optical coherence tomography angiography (OCTA) is a
noninvasive imaging technology that can detect retinal
microvasculature and the deep choroid of healthy patients or
those with eye disorders.9–11 Recently, several studies12–15
using OCTA discovered the microvasculature dropout (MvD) in
glaucoma patients with b-zone parapapillary atrophy. MvD is
defined as the sectorial loss of choriocapillaris. Lee et al.13
showed that agreement of MvD by OCTA was in accord with
using indocyanine green angiography. Suh et al.15 found that
presence of MvD was significantly associated with a thinner
retinal nerve fiber layer (RNFL), suggesting that MvD is a
biomarker for POAG progression. However, there are no

prospective studies exploring the relation between the
presence of MvD and the rates of RNFL loss. Here, we examine
the presence of MvD at baseline and RNFL changes in patients
with NTG in a longitudinal study.

METHODS
This is a longitudinal cohort study. Patients with NTG were
recruited from the Wenzhou Glaucoma Progression Study
(WGPS), which is a longitudinal study that provides free
glaucoma screenings for the Wenzhou community.16,17 Written
informed consent was obtained from all of the patients. This
study was approved by the Ethics Committee of the Wenzhou
Medical University, and adheres to the tenets of the Declaration
of Helsinki.

Subjects
Glaucoma was defined according to the classifications set by
the International Society for Geographical and Epidemiological
Ophthalmology (ISGEO) and the Collaborative Normal-Tension
Glaucoma Study.18,19 The definition of NTG includes an open
anterior chamber angle as assessed by gonioscopy, untreated
IOP less than 24 mm Hg, a glaucomatous optic disc, and no
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secondary causes for glaucoma. Visual filed (VF) tests were
confirmed on two consecutive reliable tests. Results with
fixation loss rates less than 20% or false-positive and falsenegative error rates less than 15% were considered reliable VF
tests, and were included for further analysis.
The inclusion criteria for this study were as follows: present
visual acuity of 6/20 or higher, spherical equivalent (SE) range
of 10.0 to þ3.0 diopter (D), and 18 years of age and older.
Patients were excluded if they had a history of ocular surgery
(except for glaucoma or uncomplicated cataract intervention),
nonglaucomatous optic neuropathy, or severe systemic diseases (except for diabetes mellitus and hypertension).
All patients underwent a comprehensive ophthalmic
examination, including presenting visual acuity, Goldmann
applanation tonometry, refractive error, slit-lamp biomicroscopy, gonioscopy, dilated fundus examination, measurement of
central corneal thickness (CCT) and axial length (AL) by the
Lenstar LS 900 biometer (Haag Streit, Bern, Switzerland), stereo
disc photography, red-free fundus photography (Visucam 200;
Carl Zeiss Meditec, Inc., Dublin, CA, USA), standard automated
perimetry (Humphrey Field Analyzer; 24-2 Swedish interactive
threshold algorithm; Carl-Zeiss Meditec, Inc.), spectral-domain
OCT (SD-OCT; Carl Zeiss Meditec, Inc.), and OCTA (Avanti;
Optovue, Inc., Fremont, CA, USA). Medical history of the
participants was collected, including clinical records on
diabetes mellitus and systemic hypertension. Systolic and
diastolic blood pressures (BPs) and pulse rate (PR) were
measured at the time of OCTA imaging. The mean arterial
pressure (MAP) was calculated as (diastolic BP þ 1/3 [systolic
BP  diastolic BP]). Mean ocular perfusion pressure (MOPP)
was calculated as [2/3 [MAP  IOP]). OCT and OCTA were
repeated at every 3-month follow-up for at least 18 months.

Spectral-Domain OCT Imaging
RNFL thickness was measured using SD-OCT at baseline and at
every 3-month follow-up. The details of SD-OCT imaging have
been described in a previous study.20 The peripapillary RNFL
parameters were automatically analyzed using the OCT version
6.5 software (Carl Zeiss Meditec, Inc.). Patients who completed
at least three RNFL measurements of RNFL thickness by OCT
imaging were included in this analysis. Poor-quality images
with signal strength less than 6 or failed segmentation were
excluded.

OCT Angiography Imaging and Determination of
the MvD
OCTA images of the optic disc were acquired at baseline visits
for enrolled patients. Each image with an area of 4.5 3 4.5 mm
on optic disc was obtained using two volumetric raster patterns,
including one horizontal priority and one vertical priority.
Images were discarded due to the following situations: (1) the
strength index was less than 48; (2) the scan quality was less
than 6; and (3) residual artifacts affected optic disc boundaries.
Deep retinal layer microvasculature dropout was assessed on
the en face images. The specific details have been described in a
previous study.15 MvD was defined as focal sectorial capillary
dropout without any visible microvascular network.
Each MvD image was assessed by two independent
observers (SL and HC), who were masked from the participant’s clinical background. Disagreements between the two
observers were resolved by a senior glaucoma specialist (YL).

agreement of the presence of the MvD was assessed by
calculating the kappa coefficient. The comparison of continuous variables between groups with and without MvD was
performed using the Student’s t-test or the Mann-Whitney U
test, and the categoric variables were analyzed using the X2
test. Rates of RNFL loss was calculated using serial measurements of RNFL with a linear regression. A linear mixed model
with random intercepts and random slopes was used to assess
the predictive factors of rates of RNFL loss. This model was
applied if both eyes came from the same individual. Baseline
assessments of age, sex, self-reported diabetes mellitus and
hypertension, SE, IOP, BP measurement, AL, CCT, presence of
MvD, and results of visual field and RNFL thickness were
concluded to be predictive factors. Mean IOP during followups was also included in the analysis. In univariate models,
only one variable was included to analyze the association
between baseline RNFL thickness and rates of RNFL loss
(interaction with follow-up time). The predictive factors were
also included to evaluate the RNFL rate in the multivariate
model, when these factors presented the P < 0.4 in univariate
models. Statistical significance level was set to P < 0.05.

RESULTS
Eighty eyes of 62 patients with NTG met the initial inclusion
criteria. Nine were excluded due to poor quality OCTA or SDOCT images. Ultimately, 71 eyes of 56 patients (23 males and
33 females) were included in the study.
Table 1 summarizes the clinical examinations of patients.
Among the 71 eyes, 23 eyes of the 21 patients were found to
have MvD (32.4%) at baseline. Interobserver agreement of MvD
was good (k ¼ 0.87). At baseline and follow up visits, there was
no significant difference between eyes with and without MvD
for age, sex, follow-up period, IOP at follow-up, SE, AL, CCT,
self-reported diabetes mellitus and systemic hypertension,
systolic BP, diastolic BP, and PR.
The baseline data showed, compared with eyes without
MvD, MvD eyes had a thinner RNFL thickness (68.8 6 9.6 vs.
76.2 6 16.7 lm, P ¼ 0.016), worse VF MD (7.1 6 5.2 vs. 4.5
6 3.8 dB, P ¼ 0.027), worse pattern standard deviation (PSD;
8.1 6 4.3 vs. 5.2 6 3.3 dB, P ¼ 0.012), higher IOP (16.0 6 3.2
vs. 13.8 6 3.3 mm Hg, P ¼ 0.008), and lower MOPP (47.5 6
7.5 vs. 51.7 6 7.9 mm Hg, P ¼ 0.037). Faster rate of RNFL loss
(1.2 6 1.5 vs. 0.4 6 1.4 lm/y, P ¼ 0.036) was also observed
in MvD eyes compared with non-MvD eyes, respectively,
during the follow-up.
Table 2 summarizes the predictive factors of baseline RNFL
thickness and RNFL rates in univariate models. In univariate
analysis of baseline RNFL thickness, the presence of MvD (b ¼
7.30 6 3.02, P ¼ 0.018) and lower VF MD (b ¼0.76 6 0.32,
P ¼ 0.021) were significantly associated with thinner baseline
RNFL thickness. In univariate analysis of rates of RNFL loss, the
presence of MvD (b ¼0.83 6 0.38, P ¼ 0.033) and female sex
(b ¼ 1.03 6 0.35, P ¼ 0.004) were significantly associated
with faster rates of RNFL loss.
Table 3 shows a multivariate model of rates of RNFL loss.
Even after adjusting for age, mean follow-up IOP, AL, CCT, and
MD, the presence of MvD at baseline (b ¼ 0.85 6 0.41, P ¼
0.041) and female sex (b ¼0.82 6 0.39, P ¼ 0.040) were still
significantly related to faster rates of RNFL loss in the
multivariate analysis.

DISCUSSION
Statistical Analysis
All statistical analyses were carried out using SPSS (version
12.0; SPSS, Inc., Chicago, IL, USA). The interobserver
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TABLE 1. Clinical Characteristics of the Eyes With or Without Microvasculature Dropout
Clinical Characteristics

Eyes With MvD
(23 Eyes From 21 Patients)

Eyes Without MvD
(48 Eyes From 41 Patients)

P Value

Age, y (patients)
Sex, male/female (patients)
Follow-up period, mo
Self-reported of diabetes mellitus, n (%) (patients)
Self-reported of systemic hypertension, n (%) (patients)
SE, D
IOP at baseline, mm Hg
IOP at follow-up, mm Hg
Systolic BP, mm Hg (patients)
Diastolic BP, mm Hg (patients)
MOPP, mm Hg
PR, bpm (patients)
AL, mm
CCT, lm
Baseline MD, dB
Baseline PSD, dB
Baseline RNFL thickness, lm
Rate of RNFL loss, lm/y

60.8 6 15.8
6/15
23.9 6 4.3
1 (4.8)
4 (19.0)
0.8 6 2.8
16.0 6 3.2
15.4 6 2.1
119.0 6 13.1
71.2 6 10.0
47.5 6 7.5
74.5 6 13.5
23.9 6 1.1
530.1 6 28.5
7.1 6 5.2
8.1 6 4.3
68. 8 6 9.6
1.2 6 1.5

60.1 6 12.3
20/21
25.1 6 2.9
9 (22.0)
14 (34.1)
0.5 6 2.3
13.8 6 3.3
14.4 6 2.4
125.1 6 16.5
73.5 6 10.3
51.7 6 7.9
74.9 6 11.0
23.7 6 1.3
544.8 6 39.3
4.5 6 3.8
5.2 6 3.3
76.2 6 16.7
0.4 6 1.4

0.652*
0.123†
0.277‡
0.058†
0.215†
0.650‡
0.008‡
0.087‡
0.145‡
0.386‡
0.037*
0.704‡
0.572*
0.079‡
0.027*
0.012*
0.016‡
0.036‡

Boldface presents the significance.
* Mann-Whitney U test.
† X2 test.
‡ Independent samples t-test.

significantly associated with progressive RNFL loss. The
present results suggest a significant relationship between
MvD and the progression of glaucomatous optic neuropathy
in patients with NTG.
The baseline data in the study are consistent with those of
Suh et al.15 and Lee et al.,21 who report that thinner
circumpapillary RNFL thickness was observed in eyes with
MvD. Our results further imply the involvement of MvD in
glaucomatous neuropathy.
The prospective design of our study enabled us to find that
MvD is associated with RNFL thinning. This study demonstrated that eyes with MvD tended to have a faster rate of RNFL loss.
Consistent with our results, a previous retrospective study by
Park et al.22 also reported that eyes with MvD are more likely to

have RNFL thinning during the past 5 years. However, causality
cannot be established based on our current data. MvD may be
either the source or the result of a RNFL defect, or even may be
an accompanying phenomenon. On one hand, eyes with disc
hemorrhage have a higher prevalence of MvD. Therefore, MvD
may damage optic nerve head and promote glaucomatous
progression.22 On the other hand, there is a unique structure in
the central nervous system called neurovascular coupling.
Neuron activity may sensitively regulate the local blood flow.23
Defects in the RNFL may decrease the demand for blood
supply, and therefore lead to the MvD.24 In addition, recent
studies25,26 demonstrated that lamina cribrosa (LC) promotes
the onset of glaucomatous optic nerve damage, and the
deformation of LC may eventually lead to the presence of MvD.

TABLE 2. Univariate Linear Mixed-Effects Model of Retinal Nerve Fiber Layer at Baseline and Rate in Glaucomatous Eyes
Effect on Baseline RNFL Thickness

Effect on Rate of RNFL Thickness

Variables

b1 6 Standard Error

P Value

b2 6 Standard Error

Age, per 10-y older
Sex, female
Self-reported of diabetes mellitus (yes versus no)
Self-reported of systemic hypertension (yes versus no)
SE, per 1 D lower
Baseline IOP, per 1 mm Hg higher
Mean follow-up IOP, per 1 mm Hg higher
Systolic BP, per 1 mm Hg higher
Diastolic BP, per 1 mm Hg higher
MOPP, per 1 mm Hg higher
PR, per 1 bpm higher
AL, per 1 mm higher
CCT, per 10 lm higher
Presence of MvD at baseline (yes versus no)
Baseline MD, per 1 dB lower
Baseline PSD, per 1 dB higher
Baseline RNFL thickness, per 1 lm lower

0.32 6 1.17
1.84 6 2.86
6.80 6 3.71
1.13 6 3.17
0.70 6 0.60
0.67 6 0.43
0.63 6 0.63
0.04 6 0.09
0.06 6 0.15
0.00 6 0.19
0.19 6 0.13
1.56 6 1.22
0.58 6 0.40
7.30 6 3.02
0.76 6 0.32
0.62 6 0.38
N/A

0.784
0.538
0.071
0.724
0.242
0.123
0.324
0.645
0.686
0.999
0.136
0.207
0.147
0.018
0.021
0.109
N/A

Boldface presents the significance.
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0.13
1.03
0.25
0.22
0.01
0.01
0.07
0.00
0.01
0.01
0.01
0.24
0.06
0.83
0.04
0.04
0.00

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

0.14
0.35
0.47
0.39
0.08
0.05
0.08
0.01
0.02
0.02
0.02
0.15
0.05
0.38
0.04
0.05
0.02

P Value
0.384
0.004
0.592
0.577
0.869
0.815
0.320
0.515
0.646
0.551
0.819
0.116
0.258
0.033
0.364
0.358
0.565
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TABLE 3. Multivariate Linear Mixed-Effects Model of Rate of Retinal Nerve Fiber Layer Loss in Glaucomatous Eyes
Effect on Rate of RNFL Thickness
Variables
Age, per 10-y older
Sex, female
Mean follow-up IOP, per 1 mm Hg higher
AL, per 1 mm higher
CCT, per 10 lm higher
Presence of MvD at baseline (yes versus no)
Baseline MD, per 1 dB lower

b 6 Standard Error
0.10
0.82
0.12
0.11
0.00
0.85
0.01

6
6
6
6
6
6
6

0.16
0.39
0.08
0.18
0.05
0.41
0.04

P Value
0.535
0.040
0.130
0.541
0.965
0.041
0.130

Boldface presents the significance.

In our study, MvD at baseline was more frequent in eyes with
glaucomatous progression during follow-up (Fig.). This tentatively suggests a prior onset of MvD to the RNFL thickness.
Further investigations are needed for a complete understanding of the underlying mechanisms.
This study found that higher IOP and lower MOPP are
associated with the presence of MvD in patients with NTG. A
study by Zhang et al.27 showed that lower choroidal thickness
is associated with increased IOP in patients with glaucoma. In
addition, Lee et al.14 demonstrated that the presence of MvD
has a significant association with smaller mean juxtapapillary
choroidal thickness compared with eyes without MvD. In a
previous study, Drance et al.28 reported that sex was related to
glaucoma progression in NTG. Our study found that female
patients with NTG tend to have a faster RNFL loss.
The strengths of this study are listed below. First, this is a
longitudinal cohort study to explore the relation between MvD
and progressive RNFL loss with at least 18 months of follow-up.
Second, to overcome the effect of IOP, only patients with NTG
were included to investigate the role of MvD in glaucoma
progression.

The present study has several limitations. First, the sample
size was not very large. Furthermore, we did not have any
healthy patients as control subjects. However, it has been
demonstrated that no prevalence of MvD was observed in the
eyes of healthy patients.18 Second, we evaluated the presence
of MvD using a qualitative method, which may lead to variation
in results. However, our results produced a good interobserver
agreement (k ¼ 0.87), indicating this to be of little concern.
Finally, our follow-up periods were not long enough for a longterm glaucoma progression assessment. Further studies are
required to elucidate the mechanism between MvD and
glaucomatous damage.
In conclusion, MvD at baseline was significantly related to
progressive RNFL thinning in patients with NTG. Our study
further supported that the presence of MvD is a predictor of
longitudinal glaucoma structural damage.
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FIGURE. A representive case with microvasculature dropout. A 76year-old woman with NTG showing the MvD at baseline. (A) The
original OCTA image and (B) yellow outline indicating the location of
MvD, (C) baseline RNFL loss, and (D) during 2 years’ follow-up, the
progressive RNFL thinning.
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