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Correlation between Peripapillary Atrophy and Optic Nerve
Head Blood Flow in Eyes with Untreated
Normal-Tension Glaucoma
Hiroyuki Ito＊ Tetsuro Takumi Nobuko Enomoto
Ayako Anraku Kyoko Ishida and Goji Tomita
Department of Ophthalmology, Toho University, Ohashi Medical Center, Tokyo, Japan

ABSTRACT
Introduction: To evaluate relationships between the area and extent of peripapillary atrophy (PPA) and
optic nerve head (ONH) blood flow and between PPA parameters and structural and functional damage in
eyes with untreated normal-tension glaucoma (NTG).
Methods: Thirty-six eyes (36 subjects) with newly diagnosed, untreated NTG were included. Correlations
between PPA and ONH blood flow were examined. The PPA was examined using confocal scanning laser
ophthalmoscopy, ONH was examined using laser speckle flowgraphy, and circumpapillary retinal nerve fiber layer thickness was measured using spectral-domain optical coherence tomography. Retinal function
was examined using standard automated perimetry mean deviation (MD).
Results: The PPA area was significantly correlated with the refractive spherical equivalent (r = 0.418, P
= 0.010), mean blur rate (MBR) inside the ONH (MBRA; r = 0.394, P = 0.016), and MBR of ONH tissue (MBRT;
r = 0.328, P = 0.048). Total angular extent around the ONH of PPA was significantly correlated with MD (r
= 0.344, P = 0.037), MBRA (r = 0.360, P = 0.029), and MBRT (r = 0.368, P = 0.025). Multiple regression analyses revealed that PPA area significantly contributed to changes in MBRA. Total angular extent of PPA significantly contributed to changes in MBRT.
Conclusions: Significant relationships between PPA and ONH blood flow parameters were identified in
eyes with untreated NTG.
Toho J Med 4 (4): 123―131, 2018
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Introduction

eyes, but in only 30% of normal eyes in a Japanese population.７，８） Cross-sectional studies have shown that PPA ex-

Peripapillary atrophy (PPA) is one of the most common

tent and location, especially β-zone PPA, were significantly

structural changes that occur during the development and

correlated with glaucomatous ONH damage５，６，９―１１） and vis-

progression of glaucomatous optic nerve head (ONH) dam-

ual field defects５，６，１０，１２，１３） in eyes with primary open-angle

１―６）

age.

In fact, PPA was observed in 87% of glaucomatous
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glaucoma (POAG). In addition, longitudinal studies１４―１６） and
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retrospective cohort studies１７，１８） suggest that the presence

subjects had been thoroughly explained of the study pur-

and extent of β-zone PPA are predictive of visual field de-

poses and methods.

terioration in eyes with POAG. The β-zone PPA is defined

Study participants

as an area of visible sclera adjacent to the clinically visible

Subjects that had been newly diagnosed with NTG and

optic disc margin, corresponding to an area without retinal

who had not been treated with medication were consid-

pigment epithelium.４） The β-zone PPA is further divided

ered for enrollment in this prospective, cross-sectional

into two subsets that are indistinguishable by clinical ex-

study. All subjects were enrolled between December 2012

amination: an area with intact Bruchʼs membrane, still

and December 2015 at the Department of Ophthalmology,

termed β-zone PPA, and an area lacking Bruchʼs mem-

Toho University Ohashi Medical Center (Tokyo, Japan).

brane, termed γ-zone PPA.

Subjects were included in the study if all of the following

１９）

The β-zone PPA does not fluoresce during fluorescein
２０）

were true: visual acuity was at least 20/25, refractive

Histologically,

spherical equivalent (SE) was within±6.0 D, anterior

areas that do not fluoresce are regions with thinning or no

chamber angles were normal and open (determined with

choroid１７） and areas next to the disc with no retinal pig-

slit-lamp biomicroscopy and gonioscopy), intraocular pres-

angiography in the choroidal filling phase.

１７，
２１，
２２）

The prelaminar ONH mainly re-

sure (IOP) was ＜22 mmHg (determined with repeated

ceives its blood supply from the peripapillary choroid via

Goldmann applanation tonometry measurements over a 24

branches of the short posterior ciliary arteries. Therefore,

h period), reproducible and reliable visual field testing

ment epithelium.

２３―２６）

and the ab-

(fixation error ＜20%, false-positive/negative error ＜20%),

sence or dysfunction of a centripetal branch will cause

and a glaucomatous visual field defect was present (30-2

ischemic ONH damage in the corresponding PPA sec-

SITA Standard testing, Humphrey Field Analyzer [HFA],

it has a characteristic sectoral distribution

２５，
２６）

Previous reports have shown that visual field de-

Carl Zeiss Meditec, Dublin, CA). Subjects were excluded if

fects and ONH damage correlate with PPA location.２７―２９）

any other fundus abnormalities or media opacities (except

Thus, regional PPA may be representative of a local vas-

mild cataract) were detected. This included a history of in-

tor.

１，
３０）

cular insufficiency in the corresponding ONH segment

traocular surgery, the presence of intraocular disease

and may be a local vascular risk factor for the develop-

known to affect image quality or visual field testing results

ment of glaucomatous ONH damage.

(e.g., diabetic retinopathy or age-related macular degen-

Few studies have directly examined the relationship be３１）

eration), a history of systemic disease known to affect IOP

Therefore, the aim of

and/or visual field testing results (e.g., intracranial disease

the present study was to evaluate relationships between

and steroid use). If both eyes were eligible, one eye was

the clinically assessed area and extent of the β-zone PPA

randomly chosen as the study eye.

tween PPA and ONH blood flow.

(including γ-zone PPA) and ONH blood flow. Eyes with

Subjects had originally been diagnosed with glaucoma

normal-tension glaucoma (NTG) that were not being

based on glaucomatous optic disc and/or RNFL changes

treated with eye drops for glaucoma were examined to

and a corresponding visual field defect. Glaucomatous fun-

eliminate influences of medication on ocular blood flow as

dus changes included an enlarged vertical cup-to-disc ra-

much as possible. Structural glaucomatous damage was

tio, rim width thinning, and/or an RNFL defect. A glauco-

evaluated using spectral-domain optical coherence to-

matous visual field defect was defined as the presence of

mography (SD-OCT) measurements of circumpapillary

at least one of the following Anderson and Patella３２） crite-

retinal nerve fiber layer (cpRNFL) thickness. Functional

ria: pattern deviation probability plot with !3 points not

glaucomatous damage was also examined using Hum-

on the edge with a ＜5% probability and at least one point

phrey visual field testing results.

with a ＜1% probability in an expected location, a pattern

Materials and Methods
This study protocol was reviewed and approved by the
Ethics Committee of Toho University Ohashi Medical Cen-

standard deviation (SD) with a ＜5% probability, or a glaucoma hemifield test that indicated a field outside normal
limits.
Study examinations

ter (No. 12-82). All study conduct adhered to the tenets of

All subjects underwent a complete ophthalmological ex-

the Declaration of Helsinki, and all subjects provided writ-

amination and assessment of medical and family histories.

ten informed consent. Before providing this consent, all

Ophthalmological examination included visual acuity testToho Journal of Medicine・December 2018
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Fig. 1 Measurement of peripapillary atrophy (PPA) parameters. Morphometry of
β-zone PPA was defined as a region of chorioretinal atrophy with visible sclera and choroidal vessels adjacent to the optic nerve head (ONH). Parameters were measured using
the Heidelberg Retinal Tomograph 3 (HRT3) PPA analysis program. An HRT3 image is
shown (a) with corresponding HRT3 PPA analyses (b). The program automatically calculated atrophy area (mm2, I), total angular extent around the ONH (degrees, II), total
radial extent from the ONH center (mm, III), maximum distance from the ONH edge
(mm, IV), and the ratio of maximum distance from contour to the ONH radius (Max distance/radius, V).

ing (including refraction using an autorefractometer (RK-5;

A reference plane was automatically set 50 μm posterior

Canon, Tokyo, Japan) ), slit-lamp biomicroscopy, gonios-

to the mean height of the disc margin contour line in a

copy, Goldmann applanation tonometry, and dilated

temporal segment between 350˚ and 356˚. All study images

stereoscopic fundus examination. In addition, all subjects

were obtained through dilated pupils with a 15˚ field-of-

underwent

ophthalmoscopy

view, and PPA parameters were measured in the β-zone.

(Heidelberg Retinal Tomograph 3 [HRT 3], Heidelberg En-

The β-zone PPA was defined as a region of chorioretinal

gineering GmbH, Dossenheim, Germany) to measure PPA

atrophy with visible sclera and choroidal vessels adjacent

parameters, SD-OCT (RTVue-100, software ver. 4.0, Opto-

to the ONH. To evaluate PPA parameters, a new contour

vue, Inc., Fremont, CA) to measure cpRNFL thickness, and

line was drawn on the HRT3 ONH image to delineate the

standard automated perimetry (SAP; HFA) to examine

β-zone PPA (Fig. 1). The built-in PPA analysis program

visual field defects. Laser speckle flowgraphy (LSFG; Soft-

then calculated atrophy area (mm2), total angular extent

care, Iizuka, Japan) was also used to examine ONH blood

around the ONH (total angular extent, degrees), total ra-

flow.

confocal

scanning

laser

measurements,

dial extent from the ONH center (total radial extent, mm),

cpRNFL thickness measurements, and ONH blood flow

maximum distance from the ONH edge (max distance

were obtained within an interval of ＜3 months.

from contour, mm), and the ratio of the maximum distance

Confocal scanning laser ophthalmoscopy

from contour to the ONH radius (max distance radius, Fig.

The PPA parameters were evaluated using the HRT3

1).

Visual

field

parameters,

PPA

system (software version 33.1.2.4) with a diode laser (670

All measurements were performed by a well-trained op-

nm wavelength) for sequential scanning of the retinal sur-

erator. Data with an average SD ＞30 μm and images with

face in the horizontal and vertical directions in multiple fo-

unacceptable or poor quality were excluded from analy-

cal planes.１０，１３，２９） Using confocal scanning principles, a

ses. The HRT corrects for most magnification errors so

three-dimensional topographic image was constructed

that the mean residual error is 1.3-2.0% compared with

from a series of 384 × 384 pixel (147,456-pixel) optical im-

an axial length derived standard.３３）

age sections, with each pixel corresponding to the retinal

Laser speckle flowgraphy

height at its corresponding location. The optic disc contour

A LSFG device was used to measure mean blur rate

line was drawn along the inner margin of the scleral ring.

(MBR), an indicator of blood flow,３４，３５）in the ONH. The prin-
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Fig. 2 Evaluation of optic nerve head (ONH) blood flow. Laser speckle flowgraphy (LSFG) was
used to measure mean blur rate (MBR), an indicator of blood flow. The LSFG system defined an
area centered on the ONH. A speckle pattern was created by random interference of scattered
light reflected from the illuminated area and was displayed as an MBR image (a). An area surrounded by the black line indicates β-zone PPA. The MBR was continuously imaged by a charge
coupled device. Optic disc edges were manually marked on the image, and disc edge location
was saved in system software. Vessels were then automatically segmented using an automated
defining threshold. Values of mean MBR (MBRA), vessel area MBR (MBRV), and tissue area MBR
(MBRT) were determined in the whole disc and superior (S), nasal (N), inferior (I), and temporal
(T) quadrants (b).

ciples of and methods to obtain ONH blood flow measure-

termined using saved data for the optic disc edge, and the

ments using LSFG have been previously described.３４―３７）

means of the three individual measurements were used in

Briefly, a fundus camera-based LSFG device was used to

study analyses. We considered MBRA and MBRT represent

define a 3.8 × 3.0 mm area (width × height) centered on

the ONH blood flow and used for further analyses.

the ONH that was used to measure blood flow up to an es-

Spectral-domain optical coherence tomography

timated tissue penetration depth of approximately 1 mm

All SD-OCT images were obtained with the RTVue-100

(laser λ = 810 nm). After switching on the laser (λ = 830

system for cpRNFL thickness measurement. The SD-OCT

nm, maximum output power = 1.2 mW), a speckle pattern

uses a scanning laser diode that emits a beam with a

appeared because of random interference of scattered

wavelength of 840 10 nm to provide images of ocular mi-

light from the illuminated area. This light was continu-

crostructures. In this study, the ONH protocol was used to

ously imaged by a charge coupled device (700 × 480 pixel)

measure cpRNFL thickness. The total time to acquire a

at a frequency of 30 frames/s. All LSFG images were ob-

single scan was 0.55 s. Using the SD-OCT-generated fun-

tained through a dilated pupil (0.4% tropicamide, Midrin-M,

dus image (video baseline protocol), we manually traced

Santen Pharmaceutical Co. Ltd., Osaka, Japan).

the ONH contour. Using the ONH scanning protocol soft-

Subjects rested on a chair with their eyes closed for 10

ware, the RNFL thickness was automatically measured

min in a dark room before LSFG examination and blood

along a 3.45 mm diameter circle centered on the optic disc

pressure measurement. All examinations were performed

using a total of 775 A-scans. The scan circle did not pass

by a single experienced operator. Optic disc edge detec-

over areas with PPA. The cpRNFL thickness parameter

tion in MBR images was manually marked on the image,

represents the mean of all measurements made over the

and the disc edge location was saved by the software. Ves-

entire 360˚ circle. Measurements were performed by a

sels were then automatically segmented by system soft-

well-trained operator, and images with signal strength in-

ware (LSFG Analyzer, ver. 3.0.47.0) using an automated de-

dex (SSI) ＜30 were excluded from analyses.

fining threshold. Values of mean MBR (MBRA), MBR in the

Statistical analyses

vessel area (MBRV), and MBR in the tissue area (MBRT)

Data are reported as mean±SD. Pearsonʼs correlation

were provided (Fig. 2). All measurements were repeated

coefficients were used to examine correlations between

three times for each subject, with individual measure-

PPA parameters and MBRA, MBRT, SAP mean deviation

ments taken several minutes apart. Parameters were de-

(MD), cpRNFL, and clinical factors. All statistical analyses
Toho Journal of Medicine・December 2018
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Demographic and clinical characteristics of study subjects.
Variable

Total (n＝36 eyes/patients)

Sex (male/female)
Age (years)
Refractive errors in the spherical equivalent (D)
IOP (mmHg)
MD (dB)
cpRNFL thickness (μm)
PPA parameters:
Atrophy area (mm2)
Total angular extent (degrees)
Total radial extent (mm)
Max distance from contour (mm)
Max distance radius
MA
MT

12/24
57.64±12.67 (34-79)
−2.38±2.49 (−5.75-2.25)
15.21±3.00 (10.00-21.00)
−4.53±4.61 (−23.95-0.30)
78.24±10.61 (58.00-100.98)
0.88±0.53
151.86±59.37
0.53±0.24
0.49±0.25
0.70±0.45
20.73±5.01
10.47±2.93

(0.00-1.98)
(0.00-324.43)
(0.00-1.00)
(0.00-0.99)
(0.00-1.73)
(8.16-30.78)
(4.54-16.83)

Data are presented as mean±standard deviation (range). Total angular extent
was defined as the total angular extent around the optic nerve head (ONH).
Total radial extent was defined as the total radial extent from the ONH center.
Max distance from contour was defined as the maximum distance from the
ONH edge. Max distance radius was defined as the ratio of maximum distance
from contour to the ONH radius. IOP: intraocular pressure, cpRNFL: circumpapillary retinal nerve fiber layer, MD: mean deviation, PPA: peripapillary atrophy, MA: mean blur rate inside the ONH, MT: mean blur rate in the ONH tissue.

were performed using SPSS statistical software (version

tance radius (r = 0.431, P = 0.008) were all significantly

20.0; SPSS, Inc., Chicago, IL), and statistical significance

correlated with refractive SE (Fig. 3) .
Multiple regression analyses were performed using the

was defined as P ＜ 0.05.

Results

stepwise method (a combination of backward and forward
methods), where MBRA or MBRT was used as the depend-

In total, 36 eyes of 36 subjects with newly diagnosed,

ent variable and age, refraction, IOP, cpRNFL thickness,

treatment-naïve NTG were included in this study. Of 36

MD, and PPA parameters were used as explanatory vari-

eyes, one eye did not have PPA. Five subjects were

ables. Consequently, atrophy area (partial correlation coef-

treated with internal medicines for their systemic hyper-

ficient [r] = 0.410, standard partial regression coefficient

tension. However, no subjects received other internal

[β] = 0.410, 95% confidence interval (CI) = 6.839-0.867,

medicines such as statins nor were smoking. Table 1 sum-

P = 0.013) significantly contributed to variations in MBRA

marizes subject characteristics at the time of enrollment.

only. Also, only total angular extent (r = 0.434, β = 0.434,

Pearsonʼs correlation coefficients for relationships between each PPA parameter and age, refraction, IOP at the
time of LSFG, MT, cpRNFL thickness, and MD are summarized in Table 2. The atrophy area was significantly

95% CI = 0.037-0.006, P = 0.008) significantly contributed to variations in MBRT (Table 3).

Discussion

correlated with refractive SE (r = 0.418, P = 0.010),

Here, we investigated relationships between PPA pa-

cpRNFL (r = 0.336, P = 0.042), MBRA (r = 0.394, P =

rameters (area and extent), ONH tissue blood flow, glauco-

0.016), and MBRT (r = 0.328, P = 0.048). Total angular ex-

matous structural damage, and glaucomatous functional

tent was significantly correlated with MD (r = 0.344, P =

deficits in newly diagnosed, treatment-naïve eyes with

0.037), MBRA (r = 0.360, P = 0.029), and MBRT (r = 0.368,

NTG. To do this, cpRNFL thickness was measured using

P = 0.025). Total radial extent (r = 0.415, P = 0.011), max

SD-OCT and visual field defects were examined using the

distance from contour (r = 0.408, P = 0.012), and max dis-

HFA. Our study showed that atrophy area was signifi-

Vol. 4 No. 4
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Table 2
Factors
PPA parameters
Atrophy area
Total angular extent
Total radial extent
Max distance from contour
Max distance radius

Correlations of PPA parameters with clinical factors.
Age

Refractive
error

IOP

MD

cpRNFL
thickness

MBRA

MBRT

−0.036
(0.833)
0.113
(0.504)
−0.193
(0.251)
−0.226
(0.180)
−0.241
(0.150)

−0.418
(0.010)
−0.171
(0.311)
−0.415
(0.011)
−0.408
(0.012)
−0.431
(0.008)

0.169
(0.318)
0.134
(0.429)
0.134
(0.428)
0.124
(0.463)
0.055
(0.748)

−0.323
(0.051)
−0.344
(0.037)
−0.315
(0.057)
−0.242
(0.149)
−0.233
(0.165)

−0.336
(0.042)
−0.276
(0.099)
−0.253
(0.131)
−0.241
(0.151)
−0.351
(0.033)

−0.394
(0.016)
−0.360
(0.029)
−0.267
(0.110)
−0.248
(0.139)
−0.304
(0.067)

−0.328
(0.048)
−0.368
(0.025)
−0.151
(0.374)
−0.123
(0.469)
−0.136
(0.423)

Data are presented as Pearsonʼs correlation coefficient (P-value). Total angular extent was defined as the total angular extent around the optic nerve head (ONH). Total radial extent was defined as the total radial extent from the
ONH center. Max distance from contour was defined as the maximum distance from the ONH edge. Max distance
radius was defined as the ratio of maximum distance from contour to the ONH radius. IOP: intraocular pressure,
cpRNFL: circumpapillary retinal nerve fiber layer, MD: mean deviation, PPA: peripapillary atrophy, MBRA: mean
blur rate inside the ONH, MBRT: mean blur rate in ONH tissue.

RefracƟve
error

MD

cpRNFL thickness

MBRA

MBRT

Atrophy area
Total angular extent

Total radial extent

Max distance from contour

Max distance radius

: Significant correlation
Fig. 3 Correlation diagram between PPA parameters and other factors including optic
nerve head flow. Dark gray color indicates a significant correlation (P＜0.05) between
the factors. Total angular extent was defined as the total angular extent around the optic nerve head (ONH). Total radial extent was defined as the total radial extent from the
ONH center. Max distance from contour was defined as the maximum distance from
the ONH edge. Max distance radius was defined as the ratio of maximum distance from
contour to the ONH radius. PPA: peripapillary atrophy, cpRNFL: circumpapillary retinal
nerve fiber layer, MD: mean deviation, MBRA: mean blur rate inside the ONH, MBRT:
mean blur rate in ONH tissue.

cantly correlated with refractive SE and overall (MBRA)

ple regression analyses revealed that PPA area signifi-

and tissue (MBRT) ONH blood flow. Total angular extent

cantly contributed to variations in MBRA only. Also, total

was significantly correlated with visual field (MD) and

angular extent around the ONH of PPA was the only pa-

ONH blood flow (MBRA and MBRT). The other three pa-

rameter that significantly contributed to variations in

rameters were only correlated with refractive SE. Multi-

MBRT.
Toho Journal of Medicine・December 2018
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Table 3 Multiple regression analyses between optic nerve head tissue mean blur rate
(MBRT) and other examined factors.

Total angular extent of PPA

r

SE

β

95% CI

P-value

−0.434

0.008

−0.434

−0.037- −0.006

0.008

The dependent variable was MBRT, and explanatory variables were age, refractive spherical
equivalent, intraocular pressure (IOP), circumpapillary retinal nerve fiber layer (cpRNFL)
thickness, standard automated perimetry mean deviation (MD), and peripapillary atrophy
(PPA) parameters. r: partial correlation coefficient, SE: standard error, β: standardized partial
regression coefficient, CI: confidence interval.

Many studies have reported a significant relationship

tions between PPA parameters and glaucomatous func-

between PPA and glaucoma and a relationship between

tional and structural changes. For unknown reasons, we

３８，
３９）

However, the factors

only found a weak relationship between these parameters.

that influence PPA and ONH tissue blood flow are poorly

One possible explanation is that, unlike previous reports,

understood. The present study showed that PPA parame-

we examined newly diagnosed, treatment-naïve eyes with

ters, particularly area and angular extent around the

NTG. Additionally, although there were 4 eyes those had

ONH, were significantly correlated with ONH blood flow.

MD value ＜ 10 dB, mean visual field MD of our subjects

However, PPA is frequently observed in the temporal side

can be considered as early stage (mean visual field MD =

of the ONH. Thus, the reason why the PPA located in the

4.53±4.61 dB). Therefore, our relatively, early-stage glau-

temporal side of the ONH correlated with the whole ONH

coma subjects may have had a different amount of glauco-

blood flow is unclear. One possible explanation is that at

matous damage than subjects examined in previous stud-

least MBRT (tissue blood flow of the whole ONH) may have

ies.

ONH blood flow and glaucoma.

reflected mainly the tissue blood flow in the temporal side

Our study had several limitations. First, the number of

of the ONH, because the ONH vessels usually tend to shift

subjects enrolled was relatively small, which likely re-

to the nasal side of the ONH in glaucomatous eyes.

sulted from the fact we selected NTG patients who were

Previous studies have also shown that PPA is related to

not receiving treatment for glaucoma. In our ophthalmol-

myopic ONH changes.４０） In the current study, univariate

ogy clinic at a university hospital, nearly all patients re-

linear regression analyses revealed that all PPA parame-

ferred for glaucoma are treated. Second, we examined β-

ters were significantly correlated with refractive SE, ex-

zone PPA using HRT3 images, which may have also in-

cept for total angular extent. Myopic changes related to

cluded γ-zone PPA.１９） Although γ-zone PPA is thought to

PPA are usually limited to the temporal side of the ONH

be correlated with axial globe elongation, we excluded

(i.e., temporal conus), but PPA may have extended over

highly myopic eyes from this study. Still, further investiga-

the superior or inferior pole of the ONH because of glauco-

tions that carefully exclude imaging γ-zone PPA are

matous changes. This theory is supported by the finding

needed.

that total angular extent was also significantly correlated

In conclusion, we demonstrated a direct relationship be-

with SAP MD. In addition, multiple regression analysis re-

tween PPA parameters and ONH blood flow for the first

vealed that PPA area and total angular extent contributed

time in treatment-naïve eyes with NTG. PPA can be an in-

to variations in ONH tissue blood flow. This finding may

dicator suggesting ONH blood flow decrease. However,

also indicate that PPA in our subjects was mainly related

further studies are needed to clarify a role of PPA in de-

to ONH blood flow abnormalities associated with glau-

creasing ONH blood flow.

coma. However, because the correlation was relatively
weak (Pearsonʼs correlation coefficient was approximately
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