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Abstract: To investigate the diurnal variations of the ocular blood flow
in healthy eyes using laser speckle flowgraphy (LSFG), and to deter-
mine the relationship of the diurnal variations between the ocular blood
flow and other ocular parameters.

This prospective cross-sectional study was conducted at Nagoya
University Hospital. We studied 13 healthy volunteers whose mean age
was 33.5 £ 7.6 years. The mean blur rate (MBR), expressing the relative
blood flow, on the optic nerve head (ONH) and choroidal blood flow was
determined by LSFG (LSFG-NAVI) every 3 hours from 6:00 to
24:00 hours. The intraocular pressure (IOP), choroidal thickness
measured by enhanced depth imaging optical coherence tomography,
systolic (SBP) and diastolic (DBP) blood pressure, and heart rate (HR)
in the brachial artery were also recorded. We evaluated the diurnal
variations of the parameters and compared the MBR to the other
parameters using a linear mixed model.

The diurnal variations of the MBR on the ONH varied significantly
with a trough at 9:00 hours and a peak at 24:00 hours (P < 0.001, linear
mixed model). The MBR of choroid also had significant diurnal
variations with a trough at 15:00 hours and a peak at 18:00 hours
(P=0.001). The IOP (P < 0.001), choroidal thickness (P < 0.001), SBP
(P=0.005), DBP (P=10.001), and HR (P < 0.001) also had significant
diurnal variations. Although the diurnal variation of the MBR on the ONH
was different from the other parameters, that on the choroid was signifi-
cantly and positively correlated with the DBP (P = 0.002), mean arterial
pressure (P =0.023), and mean ocular perfusion pressure (P =0.047).

We found significant diurnal variations in the ONH and choroidal
blood flow. Although the ONH blood flow had its own diurnal variation

Editor: Edoardo Villani.

Received: November 22, 2014; revised: December 30, 2014; accepted:

January 9, 2015.

From the Department of Ophthalmology (TI, KY, ER, HT), Nagoya

University Graduate School of Medicine; Center for Advanced Medicine

and Clinical Research (KM), Nagoya University Hospital; and Department

of Biostatistics (SM), Nagoya University Graduate School of Medicine,

Nagoya, Showa-ku, Japan.

Correspondence: Takeshi Iwase, Department of Ophthalmology, Nagoya
University Graduate School of Medicine, 65 Tsuruma-cho, Showa-ku,
Nagoya 466—8560, Japan (e-mail: tsuyoshiiwase@aol.com).

Design and conduct of study (TI); collection of data (TL, KY, ER); manage-
ment, analysis, and interpretation of data (TI, KM, SM, HT); and
preparation, review, and approval of the manuscript (TI, KY, ER,
KM, SM, HT).

This work was supported by a Grant-in-Aid for Scientific Research (C)
(26462635) (TI) and a Grant-in-Aid for Scientific Research (B)
(23390401) (HT).

This manuscript is an original submission and has not been considered
elsewhere.

The authors have no conflicts of interest to disclose.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the Creative Commons

Attribution License 4.0, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original work is properly cited.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000000519

Medicine ¢ Volume 94, Number 6, February 2015

because of strong autoregulation, the choroidal blood flow was more
likely affected by systemic circulatory factors because of poor auto-
regulation.

(Medicine 94(6):¢519)

Abbreviations: BCVA = best-corrected visual acuity, DBP =
diastolic blood pressure, HR = heart rate, IOP = intraocular
pressure, LSFG = laser speckle flowgraphy, MAP = mean arterial
pressure, MBR = mean blur rate, MOPP = mean ocular perfusion
pressure, OCT = optical coherence tomography, ONH = optic nerve
head, SBP = systolic blood pressure, SD = spectral domain.

INTRODUCTION

K nowledge about ocular blood flow is important for under-
standing pathological conditions and the treatment of var-
ious ocular diseases. The blood flow on the optic nerve head
(ONH) has been reported to be reduced in some ocular diseases,
for example, glaucoma,' — and impaired choroidal blood flow is
associated with various ocular diseases, for example, choroidal
neovascularization,” retinitis pigmentosa,>® and glaucoma.”® It
has been reported that blood flow on the ONH is autoregulated
for fluctuations of the IOP and systemic blood pressure.” In
contrast, the choroidal vessels have been reported to have poor
autoregulation, and changes in the ocular perfusion pressure
directly affect the choroidal blood flow.'

It is well established that diurnal variations are present in
various anatomic and physiological parameters of the eye, for
examrple, the intraocular pressure (IOP),''”'* corneal thick-
ness, > 7 corneal topography,'>'® pupillary diameter, anterior
chamber biometrics, and choroidal thickness.'*'>*° Even
though investigations of the diurnal changes of the ONH and
choroidal blood flow are important for evaluating blood flow of
ocular diseases accurately, there are few reports describing any
variations in the intraocular blood flow.’*!*2

A variety of techniques for measuring retinal blood flow
have been developed, including fluorescein angiography, the
radioactive microsphere technique,** hydr07gen clearance
method,® and laser Doppler velocime:try.26’2 However, all
of them have various limitations in evaluating diurnal variation
of ocular blood flow because it is difficult for those to follow the
blood flow of the same sites at different times.

Laser speckle flowgraphy (LSFG) is a method that can
measure the relative blood flow of the vessels on the ONH and
choroid noninvasively without the use of contrast agents.*® In
addition, the LSFG-NAVI instrument (Softcare, Fukuoka,
Japan) can measure the same area of the fundus repeatedly
because the instrument automatically stores the topographic
features of the retinal vasculature. The reproducibility of
measurements of blood flow in ocular tissues by the LSFG
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method is high, and the measurement time is shorter than that of
laser Doppler flowmetry.>*>® The LSFG-NAVI is therefore
suitable for monitoring changes in ocular tissue circulation at
the same site in the same eye at various times during the day or
the disease process.

The purpose of this study was to determine the diurnal
variations in the ONH and choroidal blood flow simultaneously
in healthy eyes, and to investigate the correlation of the diurnal
variations between the blood flow and systemic and ocular
factors.

METHODS
Subjects

In this prospective cross-sectional study, the procedures
used were approved by the Ethics Committee of Nagoya
University Hospital and were conducted at Nagoya University
Hospital. The procedures conformed to the tenets of the Declare
of Helsinki. An informed consent was obtained from the sub-
jects after an explanation of the nature and possible con-
sequences of the measurements. Twenty-six eyes of 13
Japanese healthy men volunteers with no ophthalmic or
systemic diseases were studied. All subjects had a best-cor-
rected visual acuity (BCVA) of >20/20 and were examined to
determine if any ocular disease was present. Slit-lamp exam-
inations and indirect ophthalmoscopy were used to examine the
anterior and the posterior segments of the eye. Subjects were
also screened for any medical condition that could influence the
hemodynamic of the eye such as diabetes, hypertension,
arrhythmia, and vascular diseases.

The exclusion criteria included the presence of any macu-
lar abnormalities such as choroidal neovascularization, asymp-
tomatic pigment epithelial detachment, or whitish myopic
atrophy, smoking, and history of intraocular surgery.

The relative blood flow was determined by LSFG-NAVL
The subfoveal choroidal thickness, IOP, systolic blood pressure
(SBP), diastolic blood pressure (DBP), and heart rate (HR)
were also measured every 3 hours from 6:00 to 24:00 hours
(Table 1). Because the intake of alcohol®? and caffeine® can
influence the IOP, all participants were asked to abstain from
alcoholic and caffeinated beverages from the evening before
and for the day of the study. Additionally, all participants were
asked to abstain from consuming any food 2 hours before each
experiment. All of the examinations were performed in the
sitting position. Each subject rested for 10 to 15 minutes in a
quiet room before the tests, and each experimental session was
completed within 15 minutes.

Demographic Data

The demographic data of all of the subjects are shown in
Table 2. Thirteen men with a mean age of 33.5 7.6 years and
range of 28 to 47 years were studied. The mean refractive error
(spherical equivalent) was —4.2 4= 1.8 diopters (D) with a range
of —0.5 to —6.25D in the right eye and —4.4 £+ 1.8D with a
range of —1.0 to —6.5D in the left eye. The mean axial length
was 25.81 £ 0.78 mm with a range of 24.59 to 27.38 mm in the
right eye and 25.964+0.94mm with a range of 24.51 to
27.54mm in the left eye. The values of the IOP, subfoveal
choroidal thickness, SBP, DBP, and HR measured at 6:00 hours
were taken to be the baseline values (Table 3).

Laser Speckle Flowgraphy

The LSFG-NAVI was used to determine the relative ocular
blood flow. The principles of LSFG have been described in
detail.**~® Briefly, this instrument consists of a fundus camera
equipped with an 830nm diode laser and a charge-coupled
camera (750 width x 360 height pixels). After switching on the
laser, a speckle pattern appears due to the interference of the
light scattered from the illuminated tissue. The mean blur rate
(MBR) is a measure of the relative blood flow, and it is
determined by examining the pattern of the speckle contrast
produced by the interference of the laser light that is scattered by
the movement of the blood cells in the ocular blood vessels.>”
The MBR images are acquired at a rate of 30 frames/s over a
4-second period. The embedded analysis software then syn-
chronizes all of the MBR images with each cardiac cycle, and
the averaged MBR of a heartbeat is displayed as a
heartbeat map.

To evaluate the changes in the ONH and choroidal blood
flow, a circle was set surrounding the ONH (Figure 1A) and a
rectangle (250 x 250 pixels) was placed around the macula
(Figure 1B). The “vessel extraction” function of the software
then identified the vessel and tissue areas on the ONH, so that
the MBR could be assessed separately. We evaluated the MBR
in the 3 parts, namely, overall, vessels, and tissue areas on the
ONH. The software in the instrument was able to track the eye
movements during the measurement period.

The LSFG was measured 2 times at each time point in all of
the eyes. The average of MBR values was calculated for each
circle or rectangle using the LSFG Analyzer software (V.3.0.47).

Optical Coherence Tomography (OCT)

Choroidal images were obtained by spectral-domain OCT
(SD-OCT; Spectralis OCT, Heidelberg Engineering, Heidel-
berg, Germany). The SD-OCT instrument was placed close

TABLE 1. Examination Schedule

Examinations 6:00 9:00 12:00 15:00 18:00 21:00 24:00
1. LSFG O O O O O O O
2. Choroidal thickness O O O O O (@) O
3, I0P (@) O O O O O O
4. Blood pressure (@) (@) (@) (@) O (@) O
5. Hate rate (@) (@) O (@) O O O
6. Refraction O
7. Conical curvature (@)
8. Axial length O

IOP = intraocular pressure, LSFG = laser speckle flowgraphy.
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TABLE 3. Demographic Characteristics of Subjects Under-
going Examinations

Parameters Mean + SD
Age (y) 325475
Refraction (D) R: —42+18
L: —44+18
Axial length (mm) R: 25.81+0.78
L: 25.96 £0.94
Base line IOP (mm Hg) R: 15.0£3.0
L: 153+£25
Base line SFCT (wm) R: 23234723
L: 223.1 £88.9
Base line SBP (mm Hg) 121.7+15.0
Base line DBP (mm Hg) 73.7+10.5
Base line HR (bpm) 69.5+7.1

DBP = diastolic blood pressure, HR = heart rate, IOP = intraocular
pressure, SBP =systolic blood pressure, SD =standard deviation,
SFCT = subfoveal choroidal thickness.

enough to the eye to obtain inverted images as described in
detail.*® The choroidal thickness at the fovea was measured as
the distance from the hyperreflective retinal pigment epithelium
line to the choroid—sclera border with the caliper tool on the
SD-OCT instrument. Two clinicians who were masked to the
other findings measured the thicknesses.

Other Examinations

The refractive error (spherical equivalent) was measured
with an autorefractometer (KR8900; Topcon, Tokyo, Japan),
and the axial length was measured by partial optical coherence
inferometry (IOLMaster; Carl Zeiss Meditec, La Jolla, CA).
The IOP was measured with a handheld tonometer (Icare; Tiolat
Oy, Helsinki, Finland). The SBP, DBP, and HR were measured
by an automatic sphygmomanometer (CH-483C; Citizen,
Tokyo, Japan).

Hemodynamics

An earlier study demonstrated there was a linear relation-
ship between the choroidal blood flow and the mean ocular
perfusion pressure (MOPP) within a certain range in healthy
subjects with normal eyes.'® The mean arterial pressure (MAP)
was calculated from the SBP and the DBP as

MAP =DBP + 1/3(SBP — DBP).
The MOPP was calculated as

MOPP = 2/3MAP — IOP*!

Statistical Analyses

We evaluated the diurnal variations of parameters includ-
ing the MBR using a linear mixed model to incorporate possible
correlations between repeated measured values of the
parameters for each eye over time and between those from
the 2 eyes within a subject. This means that the statistics, linear
mixed model, did not compare the values of parameters for each
eye separately, and was able to evaluate the value of 1 eye to be

4 | www.md-journal.com

interacted by the fellow eye over time and use the 2 eyes within
a subject.
Specifically, we assumed the following model

vk = ai +f(tx = B) + v(eve); + EZy + ey

i (subject) =1, ....,13,j (eye) = 1,2, k (time) =6, 9, 12, 15, 18,
21, 24 (h)
where y;; is the MBR value for side j of eye (1 =right, 2 =left)
at time k on subject i. ¢; is a subject-specific random effect. The
function f(z:8), which represents a fixed effect of time on the
MBR on the ONH, was specified as a polynomial function:
ft:B) =By +Bit + Bot® +.. +Bpt". The parameters y and &
represent fixed effects of the side of eye and a particular
covariate Z, respectively. The order of polynomials in f{z:5)
was selected based on the Akaike Information Criteria (AIC).
For the residual term ¢ of the MBR value, we assumed a
compound symmetry correlation structure within each eye.
We calculated the coefficient, 95% confidence interval,
and the P value for the fixed effects. The level for statistical
significance was 0.05. The statistical analyses were performed
with SAS9.3 MIXED procedure (SAS Inc, Cary).

RESULTS

The 13 participants had all of the examinations at the
proper time without missing any.

Diurnal Variations in MBR of Optic Nerve Head
and Choroidal

Representative images of the diurnal variations of the
MBR over the ONH and choroid obtained with the LSFG-
NAVI from 1 eye are shown in Figure 1. We found that
the MBR on the ONH in healthy subjects varied considerably
with a relative nadir at 9:00 hours followed by a progressive
increase during the day to a relative peak at 24:00 hours
(P <0.001). The shape of this curve can be best described
by a cubic polynomial equation using linear mixed model
(Table 4, Figure 2A). Although the MBR in the vessels and
tissue areas on the ONH had a significant diurnal fluctuation
(P<0.001, P<0.001, respectively) with same tendency as
the MBR in the overall area of the ONH, the MBR in the
overall area on the ONH was most significant. The MBR of
the choroid also had a significant diurnal fluctuation with a
relative trough at 15:00 hours and a peak at 18:00 hours
(P=0.001)(Figure 2B). The phase of MBR on choroid was
different from that on the ONH.

Diurnal Variations in Ocular and Systemic
Factors, and Correlation of ONH or Choroidal
MBR with Other Factors

The changes in the values of the ocular and systemic
factors are shown in Figure 3. The IOP had a significant diurnal
variation with a relative peak at 6:00 hours with a progressive
decrease in the IOP during the day to a relative nadir at 12:00
hours (P <0.001). The phase was different from that of the
ONH (P =0.539) and the choroidal MBR (P =0.286).

The subfoveal choroidal thickness had a significant diurnal
variation with a thinning during the day and thickening during
the night (P < 0.001). The phase was different from that of the
ONH (P =0.702) and choroidal MBR (P =0. 051). In addition,
the SBP, DBP, and HR had significant diurnal variations
(P=0.005, P=0.001, P <0.001, respectively).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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6:00

9:00

12:00

15:00

18:00

21:00

24:00

FIGURE 1. Composite color maps using the mean blur rate (MBR) as measured by laser speckle flowgraphy (LSFG). The red color indicates
high MBR and the blue color indicates low MBR. To measure MBR on the optic nerve head (ONH) blood flow and choroidal blood flow, a
circle was set around the ONH (A) and a rectangle was set at the macula (B). The MBR was measured every 3 hours from 6:00 to

24:00 hours to evaluate the diurnal fluctuations.

The trend of the systemic factors was different from
that of the MBR on the ONH (Table 5). However, the
phases of the SBP, MAP, and MOPP coincided with that
of the MBR of the choroid with a relative peak at 18:00 hours.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

The SBP had the highest positive correlation with the
fluctuations of the MBR of the choroid (P=0.002), and
both the MAP and the MOPP were positively correlated with
the MBR of the choroid (P =0.023, P =0.047; Table 6).
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TABLE 4. Polynomial Regression Analysis of the Relation Between ONH MBR and Time

Term Estimate 95% Confidence Interval P Value
Intercept 29.5098 25.9959 33.0237 <0.001
Time —1.6443 —2.367 —0.921 <0.001
Time? 0.1197 0.0677 0.1717 <0.001
Time® —0.00249 —0.00364 —0.00134 <0.001

MBR = mean blur rate adjusted for eyes, ONH = ocular nerve head.

DISCUSSION

The diurnal variation of the MBR, expressing relative
blood flow, on the ONH varied significantly with a trough
at 9:00 hours and a peak at 24:00 hours, and the best fit curve of
the diurnal variation was described by a cubic polynomial
equation. In addition, the diurnal variation of MBR of the
choroid also had significant diurnal variations with a trough
at 15:00 hours and a peak at 18:00 hours. Earlier studies
measured either the ONH or the choroidal blood flow but
not both simultaneously as we did.?!?*4243

The ocular blood flow has been studied with the measure-
ments made by a variety of techniques, including laser Doppler
flowmetry. However, it is somewhat difficult to follow the
blood flow of the same sites at different times. On the other
hand, LSFG-NAVI can measure the same areas once the land-
marks are registered in the instrument (Figure 1). To the best of
our best knowledge, this is the first study that measured the
diurnal variations of both the ONH and choroidal blood flow
simultaneously using LSFG. The results showed significant
diurnal variations in the ONH and choroid blood flow in
healthy subjects.

27

26 T

ONH MBR

22 H
21
T T T T T T T
6 9 12 15 18 21 24
A Time (clock)

Interestingly, our analyses showed that the diurnal vari-
ations of the MBR on the ONH can be best fit by a cubic
polynomial equation using a linear mixed model. Pemp et al
used laser Doppler flowgraphy, and reported that larger fluctu-
ations of the ONH blood flow were observed in patients with
glaucoma than in healthy controls. However, no significant
differences were found between the 2 groups.?! Okuno et al
measured the squared blur rate, which is equal to one-half of the
MBR,* 3 times/day using LSFG and found significant diurnal
changes in the ONH blood flow in patients with normal tension
glaucoma, but no changes in the normal control group.*' We
measured the MBR 7 different times/day from 6:00 to 24:00
hours, and the results showed that there was diurnal fluctuations
which differed from those studies. The failure to detect signifi-
cant changes by the earlier studies was probably because of
either low sensitivity of the methods used to measure blood flow
2! or insufficient statistical power of the collected data.*'

The IOP had a significant diurnal variation with a relative
peak at 6:00 hours and a relative nadir at 24:00 hours which is
consistent with previous reports. In addition, the SBP, DBP,
HR, and choroidal thickness had significant diurnal variations.
The diurnal changes of the ONH MBR were not correlated with

16

Choroid MBR

T T T T T T T
6 9 12 15 18 21 24
B Time (clock)

FIGURE 2. The ONH blood flow in healthy subjects had significant variations with a relative nadir MBR at 9:00 hours and progressive increase
during the day to a relative peak at 24:00 hours (P < 0.001) (A). The best fit curve was a cubic polynomial curve (red line). The choroidal blood
flow had significant diurnal fluctuations with a relative trough at 15:00 and peak at 18:00 hours (P=0.001). The phase of the choroidal blood
flow is different from that of ONH blood flow (B). MBR = mean blur rate, ONH = optic nerve head.
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FIGURE 3. Diurnal variations in the intraocular pressure (IOP), subfoveal choroidal thickness (SFCT), systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean arterial pressure (MAP), mean ocular perfusion pressure (MOPP), and heat rate (HR) measured every
3 hours from 6:00 to 24:00 hours. The SBP, MAP, and MOPP had a peak at 18:00 hours, which was the same as that of the choroidal blood
flow. The HR increased in the evening and the IOP was high in the morning and low at night.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Correlation of ONH MBR With Other Factors

Factor Coefficient 95% Confidence Interval P Value
10P 0.3415 —0.7551 to 1.4382 0.5396
SFCT 0.0078 —0.0325 to 0.0481 0.7024
SBP —0.0431 —0.2474 to 0.1613 0.6778
DBP —0.0532 —0.3378 to 0.2314 0.7126
MAP —0.0826 —0.3512 to 0.1860 0.5445
MOPP —0.1453 —0.5653 to 0.2747 0.4957
Hear rate —0.3353 —0.7158 to 0.0453 0.0838

DBP = diastolic blood pressure, IOP = intraocular pressure, MAP =mean arterial pressure, MOPP = mean ocular perfusion pressure, ONH =
ocular nerve head, SBP = systolic blood pressure, SFCT = subfoveal choroidal thickness.

any other factors having diurnal changes. These findings
indicate that the ONH blood flow is autoregulated. It has been
reported that the ONH blood flow is strongly autoregulated
against fluctuations of the IOP and systemic blood pressure.” In
healthy subjects, it has been shown that a decrease in the MOPP
did not lead to a parallel decrease in the OHN blood flow.*** In
carlier studies, the ONH blood flow had some degree of
autoregulation when the IOP was experimentally increased,
and the ONH blood flow did not decrease significantly until
the MOPP values were 30% below the baseline.*® In another
study, a rapid increase of the IOP from 20 to either 40 or
50mmHg induced no significant changes in the ONH blood
flow in rabbits.*” This can be explained by the presence of
autoregulation of the vascular beds at ONH, that is, the ONH
blood flow was not affected by a change of the IOP and
circulatory factors. Our results are consistent with those reports.

It has been reported that the superficial layers of the ONH
are supplied by the central retinal artery while the deeper
prelaminar regions by the posterior ciliary arteries which branch
off the circle of Zinn-Haller.**** The vascular supply of the
ONH is complex and the deeper vascular layers may well react
differently. The wavelength used in the laser Doppler flowmeter
is 811 nm, which is shorter than the 830 nm in the LSFG, and it
measures the blood flow predominantly in the superficial layers
of the ONH.*’ The vasculature in the ONH is not under neural
control, and, as such, it is dominated by myogenic and meta-
bolic mechanisms when the MOPP is changed.*? Thus, the
perfusion pressure affects the blood flow by a complex interplay
of myogenic and metabolic factors.*? Wang et al reported that
the high correlation between the blood flow in the posterior
ONH but not the anterior ONH measured by LSFG and the
microsphere method.>® These findings provide evidence that the

LSFG technique is capable of assaying the blood flow in a
critical region of the ONH. This region is served primarily by
the short posterior ciliary circulation.**

Autoregulation is defined as the ability of a vascular bed to
keep blood flow constant when the perfusion pressure is chan-
ged. When interpreting our results, the short posterior ciliary
circulation and the myogenic and metabolic mechanisms should
be correlated with the autoregulation of the ONH. This should
account for the diurnal variation of the ONH blood flow.

We evaluated the MBR of the choroid at the macular area
as well as the ONH. The MBR calculations we performed of the
square of the macula can be considered to be mainly the
choroidal blood flow, because there are no large retinal vessels
found near the fovea. In addition, it has been reported that after
induction of a branch retinal artery occlusion in monkey eyes,
there is little change in the postinduction panoramic map when
compared to the vascular patterns prior to the occlusion.”!

We found that the choroidal blood flow in healthy subjects
had a significant diurnal fluctuation with a relative trough at
15:00 hours and peak at 18:00 hours. The pattern of the diurnal
fluctuations in the choroidal blood flow was totally different
from that of the ONH and the IOP, but interestingly, quite
similar to that of the SBP, MAP, and MOPP. The capillaries in the
choroid are relatively large and fenestrated. The choroidal
neurons receive parasympathetic and sympathetic innervations,
and they are assumed to play a role in choroidal blood flow
regulation.* Our results showed significant differences between
the regulatory behavior of the ONH and choroidal blood vessels
when the circulatory factors were changed, which should be
because of the differences between the vasculature of the ONH
and the choroid. There have been reports that stated that the
choroidal vessels were poorly autoregulated, and changes in the

TABLE 6. Correlation of Choroid MBR With Other Factors

Factor Coefficient 95% Confidence Interval P Value
10P 0.0444 —0.0375 to 0.1263 0.2862
SFCT 0.0116 —0.0001 to 0.0233 0.0512
SBP 0.0324 0.0122 to 0.0525 0.0018"
DBP 0.0147 —0.0112 to 0.0405 0.2639
MAP 0.0328 0.0045 to 0.0611 0.0236"
MOPP 0.0426 0.0005 to 0.0847 0.0473"
Hear rate —0.0125 —0.0351 to 0.0102 0.2796

DBP = diastolic blood pressure, IOP = intraocular pressure, MAP =mean arterial pressure, MOPP =mean ocular perfusion pressure, SBP =

systolic blood pressure, SFCT = subfoveal choroidal thickness.
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perfusion pressure directly affect the blood flow.'***%* Our
results are consistent with those reports.

The subfoveal choroidal thickness increased during the
night and decreased during the day, and this pattern is consistent
with previous reports. The choroid is supplied by the posterior
ciliary arteries, which is a branch of the ophthalmic artery, and it
accounts for 85% of the total ocular blood flow to the eye.’*>>
Usui et al reported that the subfoveal choroidal thickness was
correlated with the SBP,?° and the choroidal blood flow was
correlated with the SBP. However, Sogawa et al reported that
there were no significant correlations between the subfoveal
choroidal thickness and the total and subfoveal choroidal blood
flows in healthy young subjects as measured by laser Doppler
flowmetry.>® We also found that the choroidal blood flow was not
significantly correlated with the subfoveal choroidal thickness.

This study has some limitations. Parameters were deter-
mined every 3 hours from 6:00 to 24:00 hours. Our study had not
so many subjects and only exploratory data analysis. Never-
theless, strong significant diurnal variations were found in the
ONH and choroidal blood flow. Further studies with confirma-
tory analysis on a large number of healthy subjects will be
necessary for clarification.

In conclusion, we found significant diurnal fluctuations in
the ONH and choroidal blood flow in healthy subjects by LSFG.
The ONH MBR had its own diurnal variation, which was best
described as a cubic polynomial equation, and it was not
correlated with IOP, choroidal thickness, and systemic circu-
latory factors. On the other hand, the diurnal fluctuation of the
choroidal blood flow was correlated with circulatory factors.
Our data suggested strong complex regulation of the ONH
blood flow and poor autoregulation of the choroidal blood flow.
We believe that our results need to be considered when inter-
preting blood flow data in eyes with ocular diseases, such as
those with glaucoma and AMD.
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