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PURPOSE. To investigate whether retinal structural parameters, including positions of the
optic disc and major retinal arteries, affect glaucomatous progression of the visual field
(VF).

METHODS. In this cohort study, 116 eyes of 73 patients with primary open angle glaucoma
(POAG) were included. VFs were measured using the Humphrey Field Analyzer 24-2
program and the VF was divided into seven sectors according to the corresponding
optic disc angle. Average total deviation (TD) was calculated in each sector. Positions
of major retinal arteries in the superotemporal and inferotemporal areas were decided
by identifying the points where the retinal artery intersected the 3.4-mm-diameter circle
around the optic disc. The relationship between sectorial TD VF progression rate and
eight variables (age, mean and standard deviation of intraocular pressure during the
observation period, baseline sectorial TD value, papillomacular bundle tilt angle, and
axial length, along with superior/inferior arterial angle) was investigated.

RESULTS. The main outcome measures were the association between retinal structural
parameters and glaucomatous progression of VF. The superior retinal artery angular
position was positively associated with sectorial TD progression rates in two central
sectors in the inferior hemifield, which suggests faster VF progression where superior
retinal artery angles are narrow. Papillomacular bundle tilt was not associated with TD
progression rate in any sector.

CONCLUSIONS. Progression of the inferior VF was associated with the superior retinal artery
angular position in this study of POAG.
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Glaucoma causes irreversible visual field (VF) damage1

and is currently the second leading cause of blind-
ness in the world.2 Without doubt, the reduction of intraoc-
ular pressure (IOP) is useful to halt the worsening of VF
damage,3–7 however, other factors also influence VF progres-
sion. For instance, Sung et al.8 and Han et al.9 reported
that glaucomatous VF progression is associated with differ-
ences in retinal structures, such as optic disc tilt and rotation.
Detailed investigations of the importance of optic disc posi-
tion, in relation to the macula, on glaucomatous VF damage10

also support these results.
Structural measurements of the retina vary according to

the elongation of an eye, which is itself related to myopia.We
previously reported that the angle between the supratem-
poral and infratemporal peaks in the profile of the circum-
papillary retinal nerve fiber layer RNFL (cpRNFL) narrows
with the elongation of an eye,11 and this is associated with
alterations of the biomechanical properties of an eye.12–14

Indeed, the cpRNFL peak angle can be accurately repre-
sented by the angle between supratemporal and infratem-
poral major retinal arteries (correlation coefficient equal to
0.92).11 We also reported that correcting the cpRNFL thick-
ness profile using the positions of the major retinal arter-
ies significantly improved the structure-function association
between cpRNFL thickness and VF sensitivity.15 Of note,
the magnitude of retinal stretch due to the elongation of
an eye cannot be totally explained by axial length (AL),
since there should be a wide variation of AL inherited at
birth across individuals. For instance, if ALs of two eyes are
identical in two different adults but were different at birth
this must be explained by differing degrees of elongation
that occurred during growth periods.16 Supporting this, we
have recently shown that the macular ganglion cell–inner
plexiform layer (GCIPL) thickness becomes thin when the
major retinal artery angle is narrow, even after adjustment
for AL.17
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The purpose of the current study was to investigate the
importance of retinal parameters, including positions of the
optic disc and major retinal arteries, on VF progression in
POAG patients. As results are expected to differ across VF
sectors (according to the corresponding location of the optic
disc), analyses were conducted by dividing the VF into small
sectors using a previously reported mapping between the VF
and optic disc.18

MATERIALS AND METHODS

This study was approved by the Research Ethics Committee
of the Graduate School of Medicine and Faculty of Medicine
at the University of Tokyo. Written informed consent was
given by participants for their information to be stored in
the hospital database and used for research. This study was
performed in accordance with the tenets of the Declaration
of Helsinki.

Subjects

This retrospective study included 116 eyes of 73 patients
with primary open-angle glaucoma (POAG). All patients
underwent eight reliable Humphrey Field Analyzer (HFA;
Carl Zeiss Meditec AG, Dublin, CA, USA) 24-2 or 30-2 tests
(SITA-standard program). All the patients underwent VF
examination at least once, prior to the initiation of the
follow-up series. Only the initial eight VFs of a patient
were analyzed when a patient had more than eight VF
test results. POAG was diagnosed as follows: 1) glaucoma-
tous optic neuropathy was defined according to the recom-
mendations of the Japan Glaucoma Society Guidelines for
Glaucoma:19 signs of glaucomatous changes were judged
comprehensively, such as focal rim notching or generalized
rim thinning, large cup-to-disc ratio with cup excavation
with/without laminar dot sign, and retinal nerve fiber layer
defects with edges at the optic nerve head margin; 2) pres-
ence of glaucomatous VF defects in at least one eye, defined
as three or more contiguous total deviation (TD) points
at P < 0.05, two or more contiguous points at P < 0.01,
or a 10 dB difference across the nasal horizontal midline
at two or more adjacent points, or mean deviation (MD)
worse than −5 dB;20, 21 and 3) no signs of angle closure.
Eyes that experienced any surgical procedure, including
trabeculectomy and cataract surgery, during the VF series
period were excluded. Patients who previously underwent
ocular surgery (except for successful cataract extraction) and
have other ocular diseases that could affect VF sensitivity,
such as diabetes mellitus retinopathy, corneal opacity, and
macular diseases, were excluded.

VF Data

VF testing was performed using the HFA 24-2 or 30-2 test.
Following the manufacturer’s recommendation, fixed loss
(FL) rate < 20% and false positive (FP) rate < 15% were
defined as reliable data, and data that did not meet these
were excluded. When VFs were obtained with the 30-2 test
pattern, only the 52 test locations overlapping with the
24-2 test pattern were used in the analyses. The mean of
the total deviation (TD) of the 52 test points in the HFA 24-2
test pattern was calculated (mTD). In addition, the VF was
divided into seven areas (each corresponded to 30 degree
optic disc sectors similarly to our previous reports,15 but

FIGURE 1. Visual field sectors. The visual field was divided into
seven sectors, and the mean of the total deviation values for each
sector was calculated progress from years.

started from the horizontal line22), based on the mapping in
a previous study.18 (Fig. 1) Sectors in the temporal VF region
were not analyzed. The mean of TD values was calculated for
each sector. VF progression rates were calculated by extrap-
olating these mTD or sectorial mean TD values against time,
similar to the MD trend analysis employed in the HFA.

Fundus Data

All fundus photographs were obtained with the 3D OCT-
2000 (Topcon Corp., Tokyo, Japan) fundus camera during
the VF observation period. All fundus image measurements
were performed after pupil dilation by using a combina-
tion of tropicamide 0.5% with phenylephrine 0.5% (Mydrin-
P; Santen, Osaka, Japan).

The rotation of the arterial angle and macular papilla
position was calculated using ImageJ (version 1.52a, http:
//imagej.nih.gov/ij/; provided in the public domain by the
National Institutes of Health, Bethesda, MD, USA) software
in the same way as in our previous study.15 In brief, first,
the angle of the papillomacular bundle tilt was measured as
the angle between the macula on the fundus photograph and
the center of optic disc. Subsequently, the positions of major
retinal arteries in the superotemporal and inferotemporal
areas were automatically decided by identifying the points
where the retinal artery intersects the 3.4-mm-diameter
circle around the optic disc centered on the disc barycenter;
the optic disc center was determined in fundus photographs
as the barycenter of the closed spline curve fitted to the auto-
matically determined seven points (with manual correction
if required). The superior- and inferior- arterial angles were
calculated as the angles against the papillomacular bundle
tilt. (Fig. 2) The magnification effect was corrected according
to the manufacturer-provided formula (a modified Littmann’s
equation),20,21 which is based on measured refractive error,
corneal radius, and axial length. Images influenced by
involuntary blinking or saccade or those with a quality factor
< 60% were excluded.

IOP Data

At least 11 (28.0 ± 8.91 [11 to 60], mean ± standard devia-
tion: SD [range]) IOP measurements were conducted using

http://imagej.nih.gov/ij/
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FIGURE 2. Measurement of arterial angle and papillomacular
bundle tilt. The positions of major retinal arteries in the super-
otemporal and inferotemporal areas were automatically decided by
identifying the points where the retinal artery intersects the 3.4-mm-
diameter circle around the optic disc (green and blue circles, respec-
tively), and the superior- and inferior-arterial angles were calculated
as the angles against the papillomacular bundle tilt.

the Goldmann applanation tonometry during the observa-
tion period of VF test, and the mean and SD of IOP values
during the observation period were calculated.

Other Measurements

AL was measured in all patients using the IOL Master, ver.
5.02 (Carl Zeiss Meditec AG).

Statistical Analysis

The association between mTD progression rate and eight
variables were examined using the linear mixed model. The
eight variables included five nonretinal parameters (age,
mean IOP, SD of IOP during the observation period, base-
line mTD value, and AL) and three retinal parameters (supe-
rior arterial angle, inferior arterial angle, and papillomacu-
lar bundle tilt angle). The linear mixed model is equivalent
to ordinary linear regression in that the model describes
the relationship between the predictor variables and a
single outcome variable; however, standard linear regres-
sion analysis assumes that all observations are independent
of each other, in contrast to the linear mixed model. In the
current study, measurements were nested within subjects,
and hence, dependent of each other. Ignoring this group-
ing of the measurements will result in the underestima-
tion of standard errors of regression coefficients. The linear
mixed model adjusts for the hierarchical structure of the
data, modeling in a way in which measurements are grouped
within subjects to reduce the possible bias derived from
the nested structure of data.23, 24 Subsequently, the optimal
model was selected using the model selection method with
the Akaike information criterion (AIC). The AIC is a well-
established statistical measure used in model selection, and
the AICc (Akaike information criterion with small-sample
correction) is its corrected type, providing an accurate esti-

TABLE 1. Participant Characteristics

Participant Characteristics Value

Age, years old at first VF (mean
± SD) [range]

58.3 ± 11.8 [29 to 85]

Gender (male/female) 79/37
Eyes (right/left) 56/60
AL, mm (mean ± SD) [range] 25.4 ± 1.73 [21.9 to 29.2]
Baseline mTD (dB) [range] –4.3 ± 5.7 [–30.7 to –2.0]
Progression rate of mTD (dB)
[range]

–0.23 ± 0.39 [–2.0 0.66]

Mean IOP (mmHg) [range] 13.9 ± 2.75 [6.8 to 23.3]
SD of IOP (mmHg) [range] 1.8 ± 0.58 [0.71 to 4.2]
Superior retinal artery angle
(degree) [range]

63.5 ± 18.7 [15.9 to 99.2]

Inferior retinal artery angle
(degree) [range]

59.6 ± 14.1 [12.5 to 97.2]

Papillomacular bundle tilt
(degree) [range]

8.64 ± 3.9 [4.57 to 19.9]

SD: standard deviation, AL: axial length, mTD: mean of total devi-
ation values, IOP: intraocular pressure.

mation especially when the sample size is small. 25 Variables
in the optimal model (where AICc was minimized) were
regarded as statistically significant.26 Thereafter, similar opti-
mal models were selected using sectorial mean TD progres-
sion rates. The variables included in the optimal models
were considered significant. These analyses were iterated
after scaling each variable, for the ease of understanding
the effect of the variables.

All statistical analyses were performed using the statisti-
cal programming language R (ver. 3.6.1, The R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

Characteristics of the study population are summarized
in Table 1. The mTD value was –4.3 ± 5.6 dB (mean ±
SD) and patient age was 58.3 ± 11.8 years at baseline. The
progression rate of mTD was –0.23 ± 0.69 dB/year (Fig. 3).
Superior and inferior retinal artery angle was 63.5 ± 18.7
and 59.7 ± 14.1 degrees, respectively.

Univariate analysis suggested that only age was signifi-
cantly associated with mTD progression rate (coefficient =
–0.0084, P = 0.013, linear mixed model), however other vari-
ables of mean IOP, SD of IOP during the observation period,
baseline mTD value, and AL, along with superior arterial
angle, inferior arterial angle, and papillomacular bundle tilt
angle were not (P > 0.05); see Table 2. In the sector-wise
analysis, age was significantly associated with sectorial VF
progression rate in sectors 1, 3, and 4, but other variables
were not significantly associated with the progression rate (P
> 0.05, after the adjustment for multiple comparisons using
the method proposed by Benjamini and Hochberg27).

The only variable selected in the optimal model for mTD
progression rate (whole field) was age, with a coefficient
value of –0.0084 (standard error (SE): 0.0032); see Table 3.

The variables included in the optimal models for the
seven VF sectors were as follows (Table 3):

1) Sector 1: age (coefficient: −0.015, SE: 0.0054)
baseline MD (coefficient: 0.029, SE: 0.018)
superior artery angular position (coefficient: 0.0065,
SE: 0.0033).
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FIGURE 3. Histogram of the mTD progression rate. The progression
rate of mTDwas −0.23 ± 0.39 dB/year.mTD:mean of total deviation
values.

2) Sector 2: age (coefficient: −0.020, SE: 0.0056)
superior artery angular position (coefficient: 0.0075,
SE: 0.0034)

3) Sector 3: age (coefficient: −0.011, SE: 0.0053)
mean IOP (coefficient: −0.055, SE: 0.024)

4) Sector 4: age (coefficient: −0.0011, SE: 0.0043)
baseline mTD (coefficient: 0.015, SE: 0.0082)

5) Sector 5: mean IOP (coefficient: −0.050, SE: 0.032)
inferior artery angular position (coefficient: −0.0097,
SE: 0.0050)

6) Sector 6: no variables selected
7) Sector 7: age (coefficient: −0.010, SE: 0.0060)

SD of IOP (coefficient: −0.17, SE: 0.12)

Superior retinal artery angular position was positively
associated with sectorial mTD progression rates in sectors 1
and 2, which suggests faster VF progression with a narrower
superior retinal artery angle. Inferior retinal artery angular
position was negatively associated with the sectorial mTD
progression rate in sector 5. Papillomacular bundle tilt was
not selected as an important predictor in any sector.

Table 4 shows these results after normalization:

1) Sector 1: age (coefficient: −0.18, SE: 0.064)
baseline MD (coefficient: 0.093, SE: 0.060)
superior artery angular position (coefficient: 0.12,
SE: 0.064).

2) Sector 2: age (coefficient: −0.24, SE: 0.067)
superior artery angular position (coefficient: 0.14,
SE: 0.065)

3) Sector 3: age (coefficient: −0.14, SE: 0.063)
mean IOP (coefficient: −0.15, SE: 0.066)

4) Sector 4: age (coefficient: −0.14, SE: 0.052)
baseline mTD (coefficient: 0.097, SE: 0.052)

5) Sector 5: mean IOP (coefficient: −0.14, SE: 0.087)
inferior artery angular position (coefficient: −0.14,
SE: 0.071)

6) Sector 6: no variables selected
7) Sector 7: age (coefficient: −0.12, SE: 0.071)

SD of IOP (coefficient: −0.10, SE: 0.069)

TABLE 2. Univariate Analysis Results

Whole Field Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6 Sector 7

Age
Coefficient –0.0084 –0.011 –0.016 –0.011 –0.012 –0.010 –0.0090 0.0036
P value 0.035 0.072 0.031 0.075 0.035 0.16 0.16 0.71

Mean IOP
Coefficient –0.0083 –0.096 –0.021 –0.053 –0.0060 –0.051 –0.028 0.024
P value 0.76 0.76 0.76 0.27 0.76 0.48 0.76 0.76

SD of IOP
Coefficient –0.011 0.015 0.021 0.0094 –0.073 –0.0082 –0.14 –0.052
P value 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

Baseline mTD
Coefficient 0.0056 0.027 0.0062 0.0018 0.016 –0.0035 –0.0033 0.0022
P value 0.61 0.61 0.85 0.85 0.56 0.85 0.85 0.85

AL
Coefficient 0.028 –0.12 0.023 0.052 0.0039 0.027 0.045 –0.052
P value 0.79 0.83 0.79 0.79 0.90 0.79 0.79 0.79

Superior artery angle
Coefficient 0.00016 0.0037 0.0040 –0.00023 –0.0016 –0.0053 –0.0020 0.0035
P value 0.94 0.69 0.69 0.94 0.77 0.69 0.77 0.77

Inferior artery angle
Coefficient 0.00080 0.0013 0.0051 0.0071 0.0035 –0.0098 0.0023 0.0063
P value 0.77 0.77 0.67 0.34 0.67 0.34 0.77 0.67

Papillomacular bundle tilt angle
Coefficient 0.0014 –0.0096 –0.0014 –0.0032 0.00053 –0.0020 –0.00096 –0.0041
P value 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97

IOP: intraocular pressure, SD: standard deviation, AL: axial length, mTD: mean of total deviation values.
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TABLE 3. Linear Mixed Model Results (Original Scale)

IOP: intraocular pressure, SD: standard deviation, AL: axial length, mTD: mean of total deviation values, N.S.: not selected.

DISCUSSION

We investigated the relationship between VF progression
and age, AL, superior and inferior artery angular positions,
papillomacular bundle tilt angle, mean IOP, SD of IOP, and
baseline sectorial mTD. We observed that a narrow supe-
rior arterial angle was associated with faster VF progres-
sion in two sectors (sectors 1 and 2) and a wider inferior
artery angular position was associated with more rapid VF
progression in one sector (sector 5). Papillomacular bundle
tilt angle was not associated with VF progression rate in any
sector.

In the current study, the mean mTD progression rate was
–0.23 dB/year with a mean baseline mTD value of –4.3 dB.
These values were very similar to that in our previous study

(–0.26 dB/year and an mTD of –6.9 dB) in which VF data
was collected from 710 eyes in 490 patients with open-angle
glaucoma at multiple real-world clinics (University Hospi-
tals) in Japan.28 On the other hand, this mTD progression
rate is considerably slower than those reported in other
studies from real-world clinics. For instance, De Moraes et
al. reported an average –0.45 dB/year VF progression rate
with a mean baseline MD value of –7.1 dB in 587 patients
with glaucoma.29 Heijl et al. reported an average VF progres-
sion rate of –0.80 dB/year with a median baseline MD value
of –10.0 dB in 583 patients with open-angle glaucoma.30

These differences could be attributed to the difference of the
IOP control during the observation period (15.2 mmHg29 or
between 18.1 and 20.5 mmHg30 compared to 13.9 mmHg in
the current study).
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TABLE 4. Linear Mixed Model Results (After Normalization)

IOP: intraocular pressure, SD: standard deviation, AL: axial length, mTD: mean of total deviation values, N.S.: not selected.

Previous studies have hypothesized the importance of
papillomacular bundle tilt on glaucomatous VF damage. For
instance, Abe et al. suggested a less negative disc-fovea
angle was associated with more advanced central visual field
damage.31 This was also observed in a separate study.32

However, an epidemiological study in Japan showed no
difference in the papillomacular bundle tilt angle between
normative and glaucomatous eyes.33 Finding similar results,
papillomacular bundle tilt angle was not associated with VF
progression rate in any sector in the current study. A possi-
ble reason may be that this angle between the disc-fovea axis
and the horizontal axis in the image plane, is subject to cyclo-
torsion, that is, the rotation of the head. If the head is differ-

ently rotated when the same eye is repeatedly measured,
the rotation angle can be different, which would introduce
additional noise. On the other hand, a narrow superior arte-
rial angle was associated with VF progression in two sectors
(sectors 1 and 2). We recently reported that the retina is
stretched, and the macular GCIPL becomes thin, when the
major retinal artery angle is narrow, even after adjustment
for AL.17 The reason for this association and the impor-
tance on the progression of glaucoma is still to be eluci-
dated, however, as we now observe a narrow superior retinal
artery angle may be associated with faster VF progression
in VF sectors 1 and 2. In contrast, the opposite tendency
was observed between the position of the inferior retinal
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artery and VF progression rate in sector 5. The result appears
contradictory, but we postulate that this area of the VF is
affected by the superior eye lid and an accurate assessment
of VF damage is difficult. In addition, retinal area originally
located in more central area is shifted toward the periphery
in eyes with a wider superior artery angle. Sector 6 corre-
sponds to the Bjerrum scotoma, and this sector is one of
the most preferentially affected VF areas in glaucoma. As a
result, sector 5 tends to include more retina originally corre-
sponding to sector 6 when the AL angle is large. This may
be another reason why inferior artery angular position was
inversely correlated with the progression of VF in sector 5.

Sectors 1 and 2 correspond to the optic disc 0 to 30 and
30 to 60 degrees below the papillomacular bundle, respec-
tively;18 these regions are generally resilient to glaucomatous
change, as reported by Hood et al.10 However, as shown in
our previous paper, the retina is shifted toward the papillo-
macular bundle in eyes with a narrow artery angle. Indeed,
we previously reported that adjusting the cpRNFL using the
artery position strengthened the structure-function relation-
ship.15 Consequently, in eyes with a narrow artery angle,
we would expect retinal nerve fibers from a more vulner-
able area (the inferotemporal area) would be included in
these measurements.34 Indeed, it has been shown that reti-
nal nerve fiber layer defects tend to locate closer to the fovea
in glaucomatous eyes with the retinal artery closer to the
fovea.35 Also, it was suggested that this inferior central area is
mostly spared whenever glaucoma patients develop central
vision loss, regardless of the rest of the visual field or the
general vision loss severity.36 This may be another reason
for observing faster VF progression (in sectors 1 and 2) in
eyes with a narrow superior artery angle. Of note, the results
with the normalization suggest the effect of the narrowing
of the superior artery angle (coefficients = 0.12/0.14) was
not negligible at least compared to other variables, such as
age (coefficients = –0.18 or –0.24), baseline mTD (0.093) and
mean IOP (coefficients = –0.15 or –0.14). In particular, mean
IOP was a significant parameter in sector 5 corresponds to
the superior vulnerability zone identified by Hood et al.10

Many papers have considered myopia as a risk factor
for the onset 37–39 and progression 8, 40, 41 of glaucoma. In
myopic eyes, the optic disc is deformed according to the
elongation of the eye.42 The magnitude of myopia is usually
assessed using AL, however, we previously reported that the
magnitude of retinal stretch (due to the elongation of an eye)
cannot be explained by AL alone; a more accurate approx-
imation can be achieved using the retinal artery position.11

In the current study, AL was not associated with the VF
progression rate in any sector, in contrast to retinal artery
angular positions. This suggests that a detailed analysis of
retinal stretch using the retinal artery position, not merely
AL, might better reveal the effect of retinal stretch on the
progression of glaucoma. Previously, we suggested that AL
changes, even in adults.43 The difference in AL was merely
0.035 mm in five years but, nonetheless, it was significantly
associated with the progression of glaucoma. This implies
the position of retinal arteries can also vary over time, and
this should be investigated in a future study. Of note, we
did not conduct any analyses in long eyes separately. This
was because it is not appropriate to segment using the AL
value.11 For instance, if ALs of two eyes were different at
birth but the same in adulthood, then the degree of elonga-
tion must have differed between these eyes during a growth
period.16

Wang et al. have investigated the relationship between
the positions of major retinal vessels and glaucoma severity

in the cross-sectional manner.44 As a result, it was suggested
that peripapillary superior artery positions are significantly
nasalized in advanced glaucoma, which agrees with the
current results in sectors 1 and 2. It should be noted that this
finding was observed when artery position was identified at
1.23 mm and 1.73 mm radius around the optic disc center,
however, no effects were found for higher eccentricities,
where this value was 1.73 mm in the current study. Wang
et al. also reported substantial association between more
nasal locations of the central retinal vessel trunk (CRVT: the
location within the optic nerve head where all retinal blood
vessels enter the eye from the brain) and more severe central
vision loss in glaucoma, but not at any other locations of the
VF.45 This effect may translate to major blood vessels in the
circumpapillary area, and if this is the case, all retinal blood
vessels get “dragged into nasal direction”.

The current study suggests limited influence of mean IOP
on the progression rate of VF (it was only an important vari-
able to explain progression in sectors 3 and 5). Very similar
results were observed in our previous study using a multi-
central VF data in Japan (JAMDIG study).28 This result does
not deny the effectiveness of IOP reduction on the progres-
sion of glaucoma as confirmed in many previous studies,3–7

because all of the included patients were under treatment at
glaucoma clinic. Indeed, these two sectors correspond to the
superior and inferior poles of the optic nerve head, which
corresponds to the superior vulnerability zone.10 Also, albeit
the relatively large magnitude of coefficient values (Table 4),
the importance of this parameter cannot be underestimated.
Nonetheless, the current results suggest the importance
of other variables (retinal features) on the progression of
glaucoma. Indeed, the Collaborative Normal-Tension Glau-
coma Study showed that approximately 20% of patients
continued to progress despite very successful IOP-treatment
results (30 % reduction of IOP).4 The current results might
be useful when considering the mechanism of progression
of glaucoma in these cases.

A limitation of our study is that VF assessment was
conducted using the HFA 24-2 test. Sectors 1 and 2 mainly
locate within the field of the HFA 10-2 test pattern, and
hence, it would be beneficial to conduct an equivalent study
using the HFA 10-2 test. In addition, analyses were not
conducted in the temporal VF areas because of the small
number of test points in the HFA 24-2 test.

In conclusion, the progression of the inferior VF was asso-
ciated with the superior retinal artery angular position.
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