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Abstract
Background To determine whether there is a significant
correlation between the pulse-wave analysis in the optic
nerve head circulation determined by laser speckle flowgraphy
(LSFG), and brachial–ankle pulse wave velocity (baPVW),
carotid intima–media thickness (IMT), and age.
Methods Thirty-three patients who visited the Vascular
Function Section in our hospital were included. Age was
57.3±12.6 years, with a range from 29 to 80 years. baPVW,
carotid IMT, and pulse wave analysis in optic nerve head
circulation using LSFG were conducted on subjects, and
this parameter is named blowout time (BOT). The following
items were analyzed as other systemic parameters: age,
blood pressure, pulse pressure, heart rate, body mass index,
and mean arterial blood pressure; other ocular parameters
were intraocular pressure and ocular perfusion pressure.
Pearson’s correlation coefficients were used to determine
the relationship between the BOT, baPWV, IMT, age, and
other parameters. In addition, multiple regression analysis
was used to determine independent factors for age.
Results BOT was significantly correlated with age (r0−0.85,
P <0.0001), pulse pressure (r0−0.36, P00.04), baPWV
(r0−0.72, P <0.0001), and IMT (r0−0.64, P<0.0001). The
result of multiple regression analysis showed that baPWV (odds
ratio00.93, 95% confidence interval00.03–1.82 P00.04) and

BOT (−2.26, −3.27 to−1.26, <0.0001) were independent contri-
bution factors to age.
Conclusions Our results confirmed measurements of BOT
in the optic nerve head can be a useful method for determinin
g whether early atherosclerotic changes are present in the optic
nerve head circulation.
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ankle pulse-wave velocity . Intima–media thickness . Optic
nerve head circulation . Ocular circulation

Introduction

Aging is significantly associated with the development of
atherosclerosis, and is a major risk factor for cardiovascular
diseases [1]. In the eye, aging is a risk factor for retinal
vascular diseases, e.g., retinal vein occlusion [2–4] and age-
related degeneration [5, 6]. The pulse-wave velocity (PWV)
and carotid intima–media thickness (IMT) are important
markers of atherosclerosis. A significant correlation has also
been reported between the PWV and retinal vein occlusion
and age-related macular degeneration [7, 8]. Significant
correlations have also been found between IMT of the
carotid artery and age-related macular degeneration [9].
PWV is an indicator of arterial stiffness [10, 11], and a
simple method has recently developed of measuring the
brachial–ankle PWV (baPWV) [12, 13].

It has been reported that the IMT of the carotid artery is
useful for determining coronary artery atherosclerosis [14],
and the IMT is highly correlated with the presence and
extent of coronary artery disease [15, 16]. The values of
the baPWV and increasing thickness of IMT are age-related
[17, 18]. Therefore, it was suggested that evaluations of the
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relationships between ocular circulation, IMT, baPWV, and
age are important.

Laser speckle flowgraphy (LSFG; Kyushu Institute of
Technology, Fukuoka, Japan) is a method of determining
ocular blood flow, and it is based on the changes in the
speckle pattern of laser light reflected from the eye [19, 20].
LSFG is dependent on the movement of erythrocytes in the
retina and choroid [21], and can thus measure the relative
velocity of the erythrocytes mean blur rate (MBR). The
changing of MBR has a pulse-wave pattern tuned to the
cardiac cycle.

The purpose of this study was to determine whether there
is a significant correlation between the pulse wave in the
optic nerve head circulation determined by LSFG, and the
baPWV, carotid IMT, and age. In addition, we examined
whether significant associations were presented between
pulse-wave analysis of the optic nerve head circulation, the
baPWV, carotid IMT, and systemic and ocular parameters.

Materials and method

One hundred and thirty-six consecutive patients who visited
the Vascular Function Section of the Department of Cardio-
vascular Center of Toho University Sakura Medical Center
between April 1 2007 and October 1 2010 were studied. The
exclusion criteria were patients who had diabetes mellitus,
using systemic anti-hypertensive drugs, using anti–hyper-
lipidemic drugs, history of cardiovascular disease and heart
failure, presence of cerebrovascular disease, arrhythmias
(atrial fibrillation), glaucoma, and vitreous and retinal dis-
eases. In the end, 33 patients whosemean ± standard deviation
(SD) age was 57.3±12.6 years, with a range from 29 to
80 years, met the study criteria. There were 19 men and 14
women, and all subjects were nonsmokers.

The Institutional Review Board of Toho University
Sakura Medical Center approved the protocol of this study,
and we began the research after all participants received
information on the purpose and possible side-effects of the
research protocol. All subjects provided a signed informed
consent. The procedures used conformed to the tenets of the
Declaration of Helsinki.

The baPWV, blood pressure, heart rate, and LSFG were
measured after the patients rested for 10 minutes in a quiet and
air-conditioned room maintained at 24°C. All subjects
abstained from alcohol and caffeine for at least 12 hours prior
to the measurements. All evaluations were made between
15:00 to 17:00 hours before a meal.

Measurement of baPWV, blood pressure, and heart rate

Measurements of the baPWV, blood pressure, and heart rate
were done with the program embedded in the VaSera

(Fukuda Denshi Co.LTD, Tokyo). The precise methods of
baPWV were described in the previous report in detail [22].
Briefly, the brachial and ankle pulse waves were determined
with inflatable cuffs, with the pressure maintained between
30 to 50 mmHg to ensure a minimal effect of the cuff
pressure on the systemic hemodynamics. The blood pres-
sure and heart rate were determined simultaneously [22].
The measurements were made in the supine position, and
the right baPWV was used for the statistical analyses.

Measurements of carotid intima–media thickness (IMT)

High-resolution ultrasonographic imaging of the carotid
artery with the B-scan mode was performed with the EUB-
8500 (Hitachi, Co.LTD, Tokyo), with the probe frequency
set to 7.5 MHz. The subjects were measured in the supine
position with their head slightly turned from the sonogra-
pher. The procedures involved scanning the near and far
walls of the carotid artery every 1 cm proximal to the carotid
bulb in the longitudinal view. The IMT was defined as the
average of the maximum IMT at 1 cm proximal to and 1 cm
distal from the carotid bulb [23–25]. The IMT of the right
carotid artery was used for the data analyses.

Other systemic parameters

The following systemic parameters were measured : age,
systolic blood pressure (SBP, mmHg), diastolic blood pressure
(DBP, mmHg), pulse pressure (mmHg), heart rate (beats/min,
bpm), and body mass index (BMI, kg/m2). The mean arterial
blood pressure (MAP, mmHg) was determined by the formula;
MABP 0 DBP + (SBP-DBP)/3.

Measurement of pulse-wave analysis in optic nerve head
circulation using LSFG

The determination of the LSFG from these images has been
described in detail [19, 20, 26]. Briefly, the LSFG is
obtained from a 21° section centered on the optic disc. This
total of observation field is made up of 750 (width) ×360
(height) pixels. LSFG uses the mean blur rate (MBR) as an
indicator of the relative velocity of the erythrocytes. The
MBR is determined by the formula: MBR02×(normalized
blur rate) 2.

The normalized blur rate is calculated from the speckle
pattern generated by reflected lights from the moving eryth-
rocyte illuminated by a 830-nm wavelength diode laser
beam [19, 21]. Initially, 118 MBR images (118 frames) were
recorded in 4 seconds from the optic nerve head area. Next,
a gray-scale map of the still images was made by averaging
the MBR images (Fig. 1, upper panel). On the analysis
screen, the pulse wave of the changing MBR which corre-
sponded to each cardiac cycle were obtained (Fig. 1, middle
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panel). Finally, analysis of the screen, which is normalized
to one pulse, was displayed (Fig. 1, lower panel), and the
analysis of the pulse wave in the optic nerve head circulation
was made on this screen.

The maximum MBR−minimum MBR waves is labeled
as “A” and is shown in the lower panel of Fig. 1. The
number of frames spent at one-half the value of A is desig-
nated as “B”, and the number of frames spent for one
cardiac cycle is labeled “C”. The time analysis of pulse
wave in the optic nerve head circulation was determined
by the formula; blowout time0100×(B)/(C).

This parameter is named the blowout time (BOT), and we
measured the BOT of the optic nerve head area three times
and used the average for the statistical analyses. All subjects
were measured in seated position, and pupils were dilated

with 0.5% tropicamide eye drops. Only the data from the
right eye were used for the analysis.

Measurements of other ocular parameters

The following ocular parameters were studied; the intraocular
pressure (IOP mmHg) measured by applanation tonometry,
and ocular perfusion pressure (OPP mmHg). The OPP was
defined as; OPP0(2/3MAP)−IOP.

Statistical analyses

Data are presented as the means±standard deviations (SDs)
for the continuous variables. Pearson’s correlation coeffi-
cients were used to determine the relationship between the
BOT, baPWV, IMT, age, and other systemic and ocular
parameters. Multiple regression analysis was used to deter-
mine independent factors for age. A P value <0.05 was
considered to be statistically significant. The Stat View
version 5.0 program (SAS Institute Inc, Cary, NC, USA)
was used for the statistical analyses.

Results

The results of the systemic and ocular measurements are
shown in Table 1. The mean±standard deviation (SD) of
BOT was 49.2±3.7, baPWV was 18.0±4.3 m/second, and
IMT was 0.80±0.15 mm (Table 2). Examples of the analysis
of BOT in a young, middle-aged, and elderly subjects are
shown in Fig. 2. In a 29-year-old man (Fig. 2a), the BOT
was 58.8, in a 52-year-old man (Fig. 2b), BOTwas 51.5, and
in a 79-year-old woman (Fig. 2c), BOT was 42.7.

The results of Pearson’s correlation analysis between BOT,
baPWV, IMT, and age and the ocular parameters are shown in
Table 3. BOT was significantly and negatively correlated with
age (r0−0.85, t0−9.0, P <0.0001), pulse pressure (r0−0.36,

Fig. 1 Method of determining the pulse wave velocity in the optic
nerve head circulation by laser speckle flowgraphy (LSFG). Upper
panel: a gray-scale map of total measurement area. Circle designates
the area that was measured the optic disc area. Middle panel: pulse
waves showing changes in the MBR which is tuned to cardiac cycle for
4 seconds. The total number of frames is 118. Lower panel: normali-
zation of one pulse. A0maximum MBR−minimum MBR. B0number
of frames spent at one-half the value of A. C0Number of frames spent
at normalized one pulse

Table 1 Characteristics of subjects

Men:women 19: 14

Age (years) 57.3 ± 12.6

Systolic blood pressure (mmHg) 121.8 ± 13.2

Diastolic blood pressure (mmHg) 68.3 ± 7.2

Mean arterial blood pressure (mmHg) 86.2 ± 8.0

Pulse pressure (mmHg) 53.5 ± 11.4

Heart rate (beat per minutes) 67.0 ± 10.2

Intra ocular pressure (mmHg) 12.6 ± 1.9

Ocular perfusion pressure(mmHg) 49.9 ± 5.0

Body mass index (kg/m2) 23.5 ± 3.5

Mean ± standard deviation, n 0 33
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t value0−2.2, P00.04), baPWV (r0−0.72, t value0−5.8,
P <0.0001), and IMT (r0−0.64, t value0−4.6, P<0.0001).

The effect of baPWVon the BOT is shown in Fig. 3, that
of the IMT on the BOT in Fig. 4, and that of age on the BOT
is shown in Fig. 5. The results of Pearson’s correlation
analysis between age and all parameters of the subjects

are shown in Table 4. Age was significantly and positively
correlated with pulse pressure (r00.35, t value02.1;
P00.04), baPWV (r00.75, t value06.3, P<0.0001), and
with IMT (r00.56, t value03.7, P00.0008). Age was also
significantly and negatively correlated with the BOT
(r0−0.85, t value0−9.0, P<0.0001).

The results of the multiple regression analyses of
the systemic and ocular factors that were significantly
associated with the age of the subjects are shown in Table 5.
We analyzed the pulse pressure, baPWV, IMT, and BOT
which had been shown to be significantly correlated with
age. Both baPWV (odds ratio00.93, 95% confidence
interval00.03–1.82, P00.04) and BOT (odds ratio0−2.26,
95% confidence interval0−3.27 to −1.26, P<0.0001) were
found to be significantly correlated with age.

Table 2 The result of blowout time, as optic nerve head pulse wave
parameter using laser speckle flowgraphy, brachial–ankle pulse wave
velocity and intima–media thickness

Blowout time 49.2 ± 3.7

baPWV (m/second) 18.0 ± 4.3

IMT (mm) 0.80 ± 0.15

Mean ± standard deviation, n 0 33

baPWV: brachial–ankle pulse-wave velocity

IMT: intima–media thickness

Table 3 Result of Pearson’s correlation analysis between blowout
time and parameters of all subjects

Explanatory variables R T value P value

Age (years) −0.85 −9.0 <0.0001

Systolic blood pressure (mmHg) −0.15 −0.9 0.39

Diastolic blood pressure (mmHg) 0.29 1.7 0.11

Mean arterial blood pressure (mmHg) 0.09 0.5 0.63

Pulse pressure (mmHg) −0.36 −2.2 0.04

Heart rate (beat per minutes) 0.24 1.4 0.19

Intra ocular pressure (mmHg) 0.03 0.2 0.86

Ocular perfusion pressure(mmHg) 0.08 0.5 0.65

Body mass index (kg/m2) 0.17 1.0 0.34

baPWV (m/second) −0.72 −5.8 <0.0001

IMT (mm) −0.64 −4.6 <0.0001

Objective variable: blowout time, n033

baPWV: brachial–ankle pulse-wave velocity

IMT: intima–media thickness

Fig. 2 Relationship between brachial ankle pulse wave velocity and
blowout time. a Representative analysis of the normalization to one
pulsation in 29-year-old man showing a blowout time of 58.8. b
Analysis in 52-year-old man showing a blowout time of 51.5. c
Analysis in 79-year-old woman showing a blowout time of 42.7

Fig. 3 Correlation between blowout time and brachial–ankle pulse-wave
velocity in all subjects
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Discussion

It has been shown that the IMT was significantly associated
with albuminuria, retinal arteriosclerosis, and left ventricular
mass index [23]. A significant association of baPWV and
albuminuria has also been reported [25]. Thus, it was sug-
gested that the IMT and baPWV may signal early arterio-
sclerotic changes. Nagaoka et al. determined the correlation
between ocular circulation and age and IMT by evaluating
the retinal arterioles by pulse wave analysis obtained by laser
Doppler velocimetry [27, 28]. However, to the best of our
knowledge, evaluation of the degree of atherosclerosis by the
laser speckle method has not been reported.

Our results showed that BOT was significantly correlated
with age, baPWV, and IMT. The BOT decreasedwith increasing
age and baPWV, but with decreasing IMT. These findings
suggested that the changing MBR which reflects the blood-
flow velocity in the cardiac circulation become faster as the
atherosclerotic changes worsen.

The value of baPWV is related to the stiffness of the large
to middle-sized arteries [13, 29]. This would then suggest
that the BOT of the optic nerve head circulation reflects not
only stiffness of large to middle-sized arteries but also the
thickness of the carotid artery. In addition, age was found to
be significantly associated with BOT, and baPWV was
strongly correlated with BOT.

The region of measurement was set for the entire optic
nerve head area. This area was selected because it had the
highest correlation with all of the systemic and ocular
parameters in preliminary investigations. However, it has
been suggested that BOT of the optic nerve head reflects not
only artery blood flow but also venous and choroidal blood
flow. In any case, measurements of BOT in the optic nerve
head area using LSFG may be a useful method for evaluat-
ing atherosclerosis, because of the good correlation between
BOT of optic nerve head area and age, baPWV, and IMT.
However, both genders were evaluated by the same method
because there was a small number of subjects. It will be
necessary to reexamine a larger number of subjects, and
determine whether there are differences between men and
women. There is also a possibility that the uneven distribu-
tion of gender may be due to a bias in the gender of the
subjects who visit the Vascular Function section in our
hospital. An investigation based on health survey will be

Table 5 Results of multiple regression analysis for factors indepen-
dently contributing to age

Explanatory variables Odds ratio 95% CI P value

Blowout time −2.26 −3.27 to −1.26 <0.0001

baPWV (m/second) 0.93 0.33 to1.82 0.04

IMT (mm) −3.92 −25.85 to18.03 0.72

Pulse pressure (mmHg) −0.03 −0.28 to0.22 0.81

Objective variable: age, n033

r00.87, r2 00.76, P<0.0001

95% CI: 95% confidence interval

baPWV: brachial–ankle pulse-wave velocity

IMT: intima–media thickness

Fig. 4 Correlation between blowout time and intima–media thickness
in all subjects

Fig. 5 Correlation between blowout time and age in all subjects

Table 4 Result of Pearson’s correlation analysis between age and
parameters of all subjects, including blowout time

Explanatory variables R T value P value

Systolic blood pressure (mmHg) 0.16 0.9 0.36

Diastolic blood pressure (mmHg) −0.26 −1.5 0.15

Mean arterial blood pressure (mmHg) 0.07 −0.4 0.72

Pulse pressure (mmHg) 0.35 2.1 0.04

Heart rate (beat per minutes) −0.16 −0.9 0.36

Intra ocular pressure (mmHg) −0.02 −0.1 0.91

Ocular perfusion pressure(mmHg) −0.06 −0.4 0.73

Body mass index (Kg/m2) −0.25 −1.4 0.16

baPWV (m/second) 0.75 6.3 <0.0001

IMT (mm) 0.56 3.7 0.0008

Blowout time 0.85 −9.0 <0.0001

Objective variable: age, n033

baPWV: brachial–ankle pulse-wave velocity

IMT: intima–media thickness
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necessary in the future to evaluate a larger number of
healthy subjects. In addition, a prospective study is needed
to evaluate whether the BOT may detect changes with
increased age.

In conclusion, our results confirmed that measurements of
BOT in the optic nerve head by LSFG can be a useful method
for determining whether early atherosclerotic changes are
present in the optic nerve head circulation. Further studies
will be needed to investigate the association of BOT to serious
arteriosclerosis-related diseases such as cardiovascular dis-
eases or cerebrovascular diseases.
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