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Reduction of retinal blood flow in high myopia

Abstract Purpose: To investigate
changes in retinal vessel diameter
and blood velocity in high myopia
using laser Doppler velocimetry.
Methods: Thirty-nine subjects (39
eyes) were enrolled in the study.
The subjects were divided into three
groups according to their refractive
status; 15 eyes (15 patients) with
emmetropia (within £3.0 diopters),
14 eyes (14 patients) with mild
myopia (between —3.0 and —8.0
diopters), and 10 eyes (10 patients)
with high myopia (>—8.0 diopters).
Patient age was matched between
groups. Blood velocity and vessel
diameter of the upper or lower tem-
poral retinal artery were measured
using laser Doppler velocimetry with
an eye-tracking system, and mea-
surements were compared between

groups. Results: The average retinal
blood flow and vessel diameter in
highly myopic eyes were significant-
ly decreased compared with emme-
tropic eyes or mild myopic eyes
(Mann-Whitney U test, p<0.05).
Also, there was significant differ-
ence regarding retinal blood flow
and vessel diameter between eyes
with mild myopia and the other
groups. In addition, there was no
significant difference in blood vel-
ocity between the three groups.
Conclusions: Retinal blood flow was
decreased in high myopia, mainly
due to the narrowing of the retinal
vessel diameter. Impaired retinal
blood flow might have a role in the
development of chorioretinal atrophy
in high myopia.

Introduction

High myopia is a major cause of legal blindness in many
developed countries [7, 18, 21]. The prevalence of high
myopia with a refractive error greater than —7.9 diopters
is 0.2-0.4% in the general population of the United
States [18]. High myopia is especially common in Asia
and the Middle East [4]. In Japan, the number of cases of
myopia is unknown, but pathologic or high myopia af-
fects 6-18% of the myopic population and 1% of the
general population [22].

Previous studies reported a reduced choroidal or reti-
nal blood flow in highly myopic patients. Akyol et al. [1]
reported reduced choroidal blood flow in patients with
myopic retinopathy using a color Doppler ultrasonogra-
phy technique. James et al. [10] reported that choroidal

blood flow was decreased as the axial length increased
using Langham ocular blood flow computerized tonome-
try. A fluorescein angiography study indicated that fluo-
rescein transit times were delayed in high myopia [2]. To
our knowledge, however, retinal circulation has not been
studied in highly myopic eyes using quantitative meth-
ods.

The Canon laser blood flowmeter (CLBF-100, Canon,
Tokyo, Japan) is a new, objective, quantitative, and non-
invasive machine that measures retinal blood circulation
with an eye-tracking system. This machine utilizes the
bidirectional laser Doppler velocimetry technique pio-
neered by Feke and Riva [5] and Riva et al. [14].

The purpose of the present study was to measure reti-
nal blood flow using the CLBF and to quantitatively in-
vestigate the retinal arterial blood flow to determine
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whether retinal blood flow is altered in highly myopic
eyes.

Patients and methods

The study followed the tenets of the Declaration of Helsinki and
was performed in accordance with the standards of the ethics com-
mittee of Tokyo Medical and Dental University. Thirty-nine hu-
man subjects participated in the study. The subjects underwent as-
sessment of refraction, best corrected visual acuity with the Snel-
len visual acuity chart, slit-lamp biomicroscopy, axial length, and
fundus photography. They were then categorized into three groups
according to their refractive status (Table 1). In the present study,
we defined emmetropia as a refractive error within+3 diopters,
mild myopia as myopia between —3 and —8 diopters, and high my-
opia as myopia greater than —8 diopters.

Patients with other ocular diseases possibly affecting ocular
circulation, such as diabetic retinopathy and glaucoma, and those
with a history of laser treatment, ocular injury, or intraocular sur-
gery were excluded from the study. Also, patients with hyperten-
sion, diabetes mellitus, or other systemic diseases that involve the
circulation were excluded from the study. Patients who had taken
any medications within 2 weeks of the measurements were also
excluded.

In addition, various chorioretinal atrophy lesions in the posteri-
or fundus could secondarily affect retinal blood flow in highly my-
opic eyes. To exclude the influence of myopic retinopathy, the de-
gree of background myopic chorioretinal changes was first catego-
rized in each patient, according to Avila et al. [3]. The myopic
fundus changes (M) were graded retrospectively on a scale of in-
creasing severity from O to 5, as follows: grade M,,, normal-ap-
pearing posterior pole; grade M, choroidal pallor and tessellation;
grade M,, choroidal pallor and tessellation, with posterior pole
staphyloma; grade M;, choroidal pallor and tessellation, with pos-
terior staphyloma and lacquer cracks; grade M,, choroidal pallor
and tessellation, with posterior pole staphyloma, lacquer cracks,
and focal areas of deep choroidal atrophy; and grade Mjs, posterior
pole showing large geographic areas of deep choroidal atrophy
(“bare sclera”). Highly myopic eyes with myopic chorioretinal at-
rophy more severe than M; by Avila et al.’s [3] classifications
were excluded from the study. Only eyes with fundus changes of
M,, M,, and M, were included.

Measurement and estimation of retinal arterial blood flow

We measured retinal arterial velocity and vessel diameter using la-
ser Doppler velocimetry with an eye-tracking system. The pupils
were dilated with 1% tropicamide before the measurements were
taken. Laser Doppler velocimetry is a noninvasive measurement
of retinal circulation [15, 16, 19, 24], based on a bi-directional
method. A pair of Doppler signals is acquired along two directions
simultaneously by the device, so that the angular parameters of the

vessel in the eye are canceled. Moreover, CLBF is designed to re-
peat a series of two measurements in 2 s (called Pathl and Path2)
for one reading of the target vessel [20] to avoid the special ad-
justment of the two apertures for Doppler detection that is re-
quired using Riva et al.’s instrument [15]. The probing laser is a
low-power red diode laser that is emitted from a fundus-camera-
like measuring head. A retinal laser Doppler instrument quantifies
the maximum velocity in a retinal vessel from scattered laser light
from the blood cells flowing in the target vessel, and a computer
analyzes the signals received. Retinal blood flow is calculated
automatically by simultaneous measurement of blood velocity
and vessel diameter as RBF=1/2-tD%/4-1/T -IVmax(t) dt, where
Vmax(t) is maximum RBC velocity, D is vessel diameter, T is the
observation period, and 1/T-fVmax(t) dt is the average of Vmax
during T. This formula assumes (a) that the velocity distribution is
according to Poiseuille flow, and (b) that the vessel columns have
a circular cross section; therefore, retinal blood flow RBF should
be calculated from vessels larger than 50 wm in diameter. Vessel
diameter measurements were performed before and after each of
two velocity measurements, and the final diameter reading was de-
termined from the four results of each session. In the session, a
linear imaging sensor takes 15 vessel profiles of the target vessel,
which is illuminated by a green laser beam. The data were adjust-
ed on the basis of the eye’s axial length and refractive error; the
latter is measured by the CLBF itself, which has an auto-correc-
tion function for refractive error. The refractive error of the eye is
detected based on the position of the focusing lens of the device,
and the eye axial length is manually input into the PC. The soft-
ware compensates for the diameter using Littman’s formula. The
magnification change of the optics is calculated from the lens data
of the device. Certain assumptions were made:

1. All thickness and refractive indexes of the eye segments were
not changed by the refractive error and were derived from the
value of Gullstrand’s model eye.

2. Rear curvature of the cornea was proportional to the front cur-
vature of the cornea.

3. The corneal curvatures were the only parameters to change and
were calculated from the refractive error and the eye axial
length.

4. After calculation of the corneal curvatures, the total magnifica-
tion was determined. The same vessel images were used for
the auto-tracking to lock the red laser onto the target vessel.

Briefly, eye tracking was performed when a green stripe from a
544-nm He-Ne laser is projected through a beam-steering galva-
nometer system onto a particular retinal vessel. The stripe is pro-
jected perpendicular to the vessel axis. The stripe reflected from
the retinal vessel is incident on an array sensor that detects lateral
vessel movement and controls the galvanometer system to stabi-
lize the center of the vessel. The laser Doppler measuring source
is the beam from a red 675-nm diode laser that is centered on the
stripe. When the center of the stripe is stabilized on the target, the
red beam on the target is also stabilized.

We measured retinal arterial velocity and diameter five times
at the same site of a major superotemporal or inferotemporal ar-

Table 1 Baseline clinical data of the patients in the three groups. D diopters

Characteristics Emmetropia Mild myopia High myopia
(refraction within+3.0 D) (refraction <—3.0 and >-8.0 D) (refraction <—8.0 D)

No. of patients 15 14 10

Gender (M/F) -8/7 =717 -5/5

Age (years; SD) 43.1 (16.7) 40.3 (14.7) 44.6 (15.3)

Refraction (diopter; mean SD) —0.80 (0.76) —4.74 (1.82) —10.25 (1.55)

Axial length (mm; mean SD) 23.9 (0.7) 25.9 (0.7) 28.3 (0.6)
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tery before the first branching at a distance of 1-2 disc diameters
from the optic nerve head over a diameter of approximately
100 um. The superotemporal artery was measured in 8 of 15 pa-
tients with emmetropia, 6 of 14 patients with mild myopia, and 5
of 10 patients with high myopia, respectively. Several studies [9,
23] evaluating the reproducibility of measurements reported that
repeated measurements are more reliable; therefore, five measure-
ments were performed for each vessel and were averaged.

Statistical analysis

Data were expressed as meanzstandard deviation. Group compar-
isons were performed using the ANOVA. Pairwise comparisons
were performed using the Mann-Whitney U test when the results
of the ANOVA were significant. A p value of <0.05 was consid-
ered to be statistically significant.

Results

Thirty-nine patients were consecutively enrolled into the
study. According to the definition of refractive status de-
scribed in the Patients and methods, 15 patients with em-
metropia, 14 with mild myopia, and 10 with high myopia
were included in the study. Only the right eye was exam-
ined in each patient. Table 1 shows the baseline clinical
data of the patients in the three groups. There was no
significant difference in patient age between groups. Of
the 10 highly myopic eyes, 6 eyes had a tessellated fun-
dus only (M,), and 4 had slight diffuse atrophy (M,).

The reproducibility of measurements was evaluated in
all subjects. The averages of the coefficient of variation
for vessel diameter, velocity, and blood flow were 4.9,
10.5, and 11.8%, respectively. Figure 1 shows the retinal
arterial diameter in the three groups. The average retinal
arterial diameter was 128.1 pm in eyes with emmetropia,
118.1 um in eyes with mild myopia, and 103.9 um in
eyes with high myopia. Statistical analysis revealed that
eyes with high myopia had a significantly smaller retinal
arterial diameter compared with emmetropic eyes or
mild myopic eyes (p<0.05; ANOVA and Mann-Whitney
U test). There was also a significant difference in the ret-
inal arterial diameter between eyes with mild myopia
and eyes with emmetropia. Figure 2 shows the retinal ar-
terial velocity in the three groups. The mean retinal arte-
rial velocity was 39.5 mm/s in eyes with emmetropia,
38.6 mm/s in eyes with mild myopia, and 38.6 mm/s in
eyes with high myopia. There was no significant differ-
ence in retinal blood velocity among the three groups.

Figure 3 shows the retinal arterial blood flow in the
three groups. The mean retinal arterial blood flow was
15.5 pul/min in eyes with emmetropia, 12.6 ul/min in
eyes with mild myopia, and 9.8 {l/min in eyes with high
myopia. The retinal blood flow was significantly de-
creased in highly myopic eyes compared with eyes with
emmetropia or eyes with mild myopia (p<0.05; ANOVA
and Mann-Whitney U test). Also, there was significant
difference between eyes with mild myopia and eyes with
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Fig. 1 Mean retinal arterial diameter in the three groups (in um,
meanz+standard deviation). Statistical analysis revealed that eyes
with high myopia had a significantly smaller retinal arterial diam-
eter compared with emmetropic eyes and eyes with mild myopia
(p<0.05; Mann-Whitney U test)

blood velocity (mm/s)

emmetropia mild myopia  high myopia
Fig. 2 Mean retinal blood velocity (in mm/s, mean+standard devi-
ation). There was no significant difference in retinal blood veloci-

ty among the three groups
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Fig. 3 Mean retinal arterial blood flow volume (in pl/min,
meanzstandard deviation). Retinal blood flow was significantly
decreased in highly myopic eyes compared with eyes with emme-

tropia and eyes with mild myopia (p<0.05; Mann-Whitney U test)
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emmetropia. Retinal blood flow averaged 15.3 ul/min
superiorly and 15.8 pl/min inferiorly in emmetropia,
12.4 wl/min superiorly and 12.5 pl/min inferiorly in mild
myopia, and 9.8 pl/min superiorly and 9.7 pl/min inferi-
orly in high myopia. Although statistical analysis is diffi-
cult because of the small sample size, the values did not
appear to be different between the different measurement
locations (superiorly and inferiorly).

Discussion

The present study demonstrates for the first time a sig-
nificant reduction in retinal blood flow in eyes with high
myopia using quantitative methods and laser Doppler ve-
locimetry.

In previous studies that examined ocular blood flow
in high myopia, mainly choroidal blood flow, there was a
negative correlation between the axial length and choroi-
dal blood flow using pulsatile ocular blood flow (POBF)
[20] or color Doppler imaging (CDI) techniques [1, 6].
Akyol et al. [1] reported that the central retinal artery
blood velocity was lower in highly myopic eyes using
the CDI technique. Retinal blood flow has not previously
been measured in highly myopic eyes using quantitative
techniques; therefore, it has been uncertain whether reti-
nal blood flow was affected in highly myopic eyes.

Laser Doppler velocimetry reported first by Tokoro
[22] is a noninvasive, quantitative measurement of reti-
nal circulation. The CLBF can measure retinal vessel di-
ameter and blood velocity using laser Doppler velocime-
try. With the CLBF, the retinal blood flow in highly my-
opic eyes was significantly decreased compared with
eyes with emmetropia or eyes with mild myopia. The
present study also demonstrated that the decreased reti-
nal blood flow in high myopia was due mainly to the
narrowing of vessel diameter. Blood velocity did not dif-
fer among groups.

What causes the narrowing of retinal vessel diameter
in highly myopic eyes? One possible mechanism is that
excessive elongation of the eyeball in high myopia caus-
es mechanical expansion and thinning of the retina,
which might result in the straightening and decreased di-

ameter of the retinal vessels. Also, the thinning and atro-
phy of the retinal tissues might decrease the need for
oxygen and consequently decrease blood circulation.
Another explanation for our findings is that increased
diffusion of oxygen from the choroid because of thinning
of the retina might cause a secondary narrowing of reti-
nal vessels. Sullivan et al. [19] reported a decrease in ret-
inal blood flow and retinal vessel diameter after panreti-
nal photocoagulation in eyes with proliferative diabetic
retinopathy using laser Doppler velocimetry [2]. Sullivan
et al. [19] suggested that the decrease in retinal vessel di-
ameter in these patients is most likely due to an improve-
ment in retinal oxygenation following photocoagulation.
Although the mechanism of the decreased retinal vessel
diameter in highly myopic eyes is not known, similar
mechanisms might underlie the decreased retinal blood
flow in highly myopic eyes with thinning of the retina.
This requires further investigation.

Whether the reduced retinal blood flow in high myo-
pia is a result of axial elongation of the eyeball or could
possibly be involved in the development of high myopia
is not known. Shih et al. [17] reported a greatly reduced
ocular blood flow in chick eyes in which myopia was in-
duced by visual deprivation (by means of wearing gog-
gles for 14 days after hatching), and examined a possible
link between decreased ocular blood flow and ocular en-
largement. The exact mechanisms underlying the devel-
opment of myopia and myopic retinopathy are largely
unknown; however, the altered retinal blood flow in high
myopia demonstrated in the present study could also
have a role in the retinopathy that occurs in high myopia.
In addition, decreased retinal blood flow might also have
a role in the higher incidence of glaucoma [11, 12, 25] in
highly myopic patients.

In conclusion, the present study demonstrates reduced
retinal blood flow in highly myopic eyes using laser
Doppler velocimetry. This reduced retinal blood flow
might be involved in the development of chorioretinal
atrophy in high myopia.

Acknowledgement This work was supported in part by research
grant 14571659 from the Japanese Ministry of Education, Culture,
Sports, Science and Technology

References

1. Akyol N, Kukner AS, Ozdemir T,

3. Avila MP, Weiter JJ, Jalkh AE et al.

6. Galassi F, Sodi A, Ucci F et al. (1998)

Esmerligil S (1996) Choroidal and reti-
nal blood flow changes in degenerative
myopia. Can J Ophthalmol 3:113-119

. Avetisov ES, Savitzkaya NF (1977)
Some features in ocular microcircula-
tion in myopia. Ann Ophthalmol
9:1261-1264

(1984) Natural history of choroidal
neovascularization in high myopia.
Ophthalmology 91:1573-1581

. Curtin BJ (1985) The myopias: basic

science and clinical management.
Harper and Row, Philadelphia,
pp 237-245

. Feke GT, Riva CE (1978) Laser Dopp-

ler measurements of blood velocity in
human retinal vessels. J Opt Soc Am
68:526-531

7.

Ocular haemodynamics in glaucoma
associated with high myopia.

Int Ophthalmol 22:299-305

Ghafour IM, Allan D, Foulds WS
(1983) Common causes of blindness
and visual handicap in the west of
Scotland. Br J Ophthalmol 67:209-213



288

8. Grunwald JE, Riva CE, Brucker AlJ,
Sinclair SH, Petrig BL (1986) Effect of
panretinal photocoagulation on retinal
blood flow in proliferative diabetic ret-
inopathy. Ophthalmology 93:590-595

9. Guan K, Hudson C, Flanagan JG
(2003) Variability and repeatability of
retinal blood flow measurements using
the Canon laser blood flowmeter.
Microvas Res 65:145-161

10. James CB, Trew DR, Clark K, Smith
SE (1991) Factors influencing the ocu-
lar pulse-axial length. Graefe’s Arch
Clin Exp Ophthalmol 229:341-344

11. Mayama C, Suzuki Y, Araie M et al.
(2003) Myopia and advanced-stage
open-angle glaucoma. Ophthalmology
109:2072-2077

12. Podos SM, Becker B, Morton WR
(1966) High myopia and primary open-
angle glaucoma. Am J Ophthalmol
62:1039-1043

13. Ravalico G, Pastori G, Croce M et al.
(1997) Pulsatile ocular blood flow vari-
ations with axial length and refractive
error. Ophthalmologica 211:271-273

14.

15.

16.

17.

18.

19.

Riva CE, Feke GT, Eberli B, Benary V
(1979) Bidirectional LDV system for
absolute measurement of blood speed
in retinal vessels. Appl Opt 18:2301—
2306

Riva CE, Grunwald JE, Sinclair SH,
O’Keefe K (1981) Fundus camera-
based retinal LDV. Appl Opt 20:117-
120

Riva CE, Petrig BL (1990) Retinal
blood flow: laser Doppler velocimetry
and blue field stimulation technique—
noninvasive diagnostic techniques in
ophthalmology. Springer, Berlin
Heidelberg New York, p 390

Shih YF, Fitzgerald MEC, Norton TT
et al. (1993) Reduction in choroidal
blood flow occurs in chicks wearing
goggles that induce eye growth toward
myopia. Curr Eye Res 12:219-227
Sperduto RD, Seigel D, Roberts J,
Rowland M (1983) Prevalence of
myopia in the United States.

Arch Ophthalmol 101:405-407
Sullivan PM, Davies GE, Caldwell G,
Morris AC, Kohner EM (1990) Retinal
blood flow during hyperglycemia:

a laser Doppler velocimetry study.
Invest Ophthalmol Vis Sci 31:2041—
2045

20.
21.

22.

23.

24.

25.

Tanaka S (1997) Eye fundus blood
flow meter. USP 5:963

Tokoro T (1998) Atlas of posterior fun-
dus changes in pathologic myopia.
Springer, Berlin Heidelberg New York,
pp 1-2

Tokoro T (1988) On the definition of
pathologic myopia in group studies.
Acta Ophthalmol 66:107-108

Yoshida A, Feke GT, Mori F et al.
(2003) Reproducibility and clinical ap-
plication of a newly developed stabi-
lized retinal laser Doppler instrument.
Am J Ophthalmol 135:356-361
Yoshida A, Ogasawara H, Fujio N et
al. (1998) Comparison of short- and
long-term effects of betaxolol and ti-
molol on human retinal circulation.
Eye 12:848-853

Yoshida M, Okada E, Mizuki N et al.
(2001) Age-specific prevalence of
open-angle glaucoma and its relation-
ship to refraction among more than
60,000 asymptomatic Japanese sub-
jects. J Clin Epidemiol 54:1151-1158



