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Abstract

Goggles that degrade the retinal image produce axial enlargement of the ocular globe and large
myopic refractive errors. Many authors have assumed that visual image degradation itself leads to
myopia. Hodos and co-authors have shown, however, that goggled eyes in chicks are considerably
warmer than normal. Such temperature changes may either underlie or be a consequence of
alterations in choroidal blood flow (CBF). Since alterations in CBF could affect eye growth, we
explored the effect of monocular goggling on CBF in chicks. Plastic goggles were glued over one
eye in four-day old chicks and the goggles were left in place for 12 or 14 days. Fourteen days after
the goggling, CBF was measured using laser Doppler velocimetry. Three groups of chicks were
studied: 1) chicks with goggles for 14 days; 2) chicks with goggles for 12 days followed by no
goggles for the two days; 3) age matched non-goggled chicks. A-scan ultrasonography confirmed
that the visual deprivation produced vitreous chamber elongation in the goggled eye and that the
degree of elongation for the goggled eye was the same for the two goggled groups. The results
were : 1) blood flow in non-goggled chicks was similar in both eyes; 2) blood flow was
significantly reduced in the goggled eye in chicks wearing goggles for 14 days- 37% of control;
and 3) blood flow was still significantly reduced in the goggled eye in chicks whose goggles were
removed two days before measurement- 51% of control. These results show that CBF is reduced
by goggles that result in myopic eye growth. These findings have implications for the mechanisms
underlying myopic eye growth and for the retinopathy that often attends high myopia.

INTRODUCTION

Myopia is a highly prevalent condition, and in extreme cases it is associated with retinal
pathology leading to blindness; yet the mechanisms underlying development of myopia
remain largely unknown. The relationship of changes in choroidal blood flow (CBF) to the
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occurrence of myopia is of interest both because of the role that changes in CBF could play
in the genesis of myopia and because of the possible role that alterations in CBF could have
in the retinopathy that often occurs in high myopes. In terms of the former point, the
mechanisms underlying the occurrence of myopia have been extensively studied during the
last several years in various animal models in which myopia is induced by experimental
manipulations that produce eye growth that is excessive for the lens and corneal curvature
(1-8). For example, in chicks (which have been used extensively in myopia research), high
myopia and eye enlargement stemming from vitreous chamber elongation can be induced by
lid suturing or by goggles or occluders that impair form vision (2, 4, 5, 7, 8). Depending on
the precise shape of the goggles or the part of the visual field occluded, either equatorial or
both axial and equatorial ocular enlargement is produced. The mechanism by which goggles
that degrade the visual image result in axial elongation of the eye is unknown. There is
evidence that the degraded retinal image somehow causes the retina to send a signal to the
sclera that promotes eye growth (9). Hodos et at. (10), however, have found that ocular
enlargement in young chicks produced by dome-like plastic goggles glued onto the skin
surrounding the orbit is accompanied by temperature elevations in the occluded eye.
Elevated ocular temperature has been implicated previously in the etiology of myopia by
others (11-13). For example, Tokoro (11) showed that elevation of body temperature in
rabbits yields myopia and Finger et al. (13), showed that elevation of scleral temperature in
rabbits by 2°C for several hours per day results in increased proliferation of fibroblasts.
Since CBF is thought to be involved in ocular temperature regulation (14), we therefore
thought it possible that alterations in CBF might occur in ocular manipulations that yield
myopia and might facilitate eye growth.

Altered CBF could also play a role in the retinopathy that occurs in high myopia. Myopic
chorioretinopathy is accompanied by atrophy of the retina and choroid, and it is one of the
major clinical features occurring with high myopia (15). The retina of the posterior pole in
myopic retinopathy thins and degenerates, affecting mainly the outer retinal layers, which
receive their vascular supply mainly from the choroidal vessels. Photoreceptors are
particularly dependent on the choroid since disruptions of CBF lead to pathological changes
in photoreceptors, as well as in other outer retinal cell types (16-20). Because of the possible
role altered CBF might play in the genesis of myopia and/or the occurrence of outer retinal
degeneration in high myopia, we sought to explore the effect of goggles on CBF and myopia
in chicks.

METHODS

White Leghorn chicks (Gallus domesticus) were hatched in our laboratory. To induce
myopia by means of form deprivation in these animals, dome-shaped, acrylic plastic goggles
were glued to the circumorbital feathers and skin of the right eye of 4 day old chicks, using
collodion and cyanoacrylate adhesive, following the method of Hodos and Kuenzel (7).
Three groups were studied: 1) control birds that wore no goggles and were age matched with
the two groups of goggled birds (n=11); 2) birds with a goggle that remained on for 14 days
(n=13); and 3) birds with a goggle that remained on for 12 days and was then removed,
followed by measurement of CBF two days later (n=11). In the second group of birds, the
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goggles remained on throughout the course of the blood flow measurements. All birds were
maintained on 12 hour light - 12 hour dark cycle.

After the two weeks, the birds were anesthetized with Ketamine (0.66 ml / kg) and Xylazine
(0.33 ml / kg) and positioned in a Kopf small animal stereotaxic device. Body temperature
was maintained at 38°C with a Harvard heating blanket and a thermoprobe placed under the
wing. The scalp and skin were incised and reflected to each side to expose the upper part of
both eyes, and the fascia of the eyeballs was cut to expose the sclera. Laser Doppler
velocimetry (LDV) using a Laserflo® blood perfusion monitor (Model BPM 403 A TSI
Inc.) was employed to measure the CBF in both eyes. Although a variety of approaches have
been used to measure CBF, including the radio-labelled microsphere method (21), methods
relying on clearance of a detectable substance (22) and LDV (23, 24), LDV is advantageous
because it is suited for continuously and quantitatively monitoring blood flow in a shallow
vascular network such as the choroid. The assumptions underlying the operation of the
Laserflo® and underlying LDV itself have been described in detail previously by others (25,
26). In brief, a noninvasive probe connected to the Laserflo® instrument illuminates the
approximately Imm hemisphere of tissue under its lip with an infrared laser beam. Within
the tissue, the photons of the beam are scattered and frequency shifted by moving red blood
cells. Some of this frequency shifted light is reflected back into a photodetector in the probe
head. The electrical output of this photodetector, which contains information on the number
of shifted photons and the degree of their shift, is then used by a microprocessor in the
Laserflo® to calculate flow, volume, and velocity for the blood in the measured bed. The
algorithms used for these calculations are specifically designed for microvascular beds (such
as in the skin) that randomly scatter and reflect the incident infrared light. These
requirements are met by the choroid since the diverse orientations of the choroidal vessels
and the scleral interface promote random scattering of photons. Nonrandom scattering
would affect the number of photons returning to the detector and yield a consistent over- or
underestimate ot blood volume (and thus flow also) across animals or eyes. Thus,
nonrandom photon scattering and reflection affects the absolute but not relative accuracy of
the measurements obtained. In this context it is important to note that we use the flow,
volume and velocity data from our Laserflo® as quantitative information for purposes of
between eye and between group comparisonsl. Thus, even if the values obtained are not
absolutely accurate, their relative accuracy suffices for our purposes. Note however that
several studies suggest that the TSI Laserflo® provides comparable flow values to those
obtained with other methodologies in various microvascular beds, including the choroid
(23-26). Also note that we call our approach LDV (as many authors do) even though we
measure flow, volume and velocity.

The Laserflo® gives blood flow measurements in ml/min/100g tissue, which is displayed
both digitally and on a chart recorder. Volume data and velocity data from the Laserflo® are
expressed as Doppler shifts per photon and the mean frequency of the Doppler shifted light,
respectively. Thus, although the Laserflo® provides quantitative blood volume & velocity
information, this information is not expressed in blood flow units. The Laserflo® laser

1Data presented in this paper are in values as displayed on Laserflo®. No other computations were conducted.
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Doppler probe was held in a stereotaxic carrier and the tip of the Laserflo® probe was
positioned close (approximately 1-3mm) to the scleral surface, with a small amount of
ultrasound gel used in the interface between sclera and probe tip to increase signal
transmission.

The data were recorded from two sites for each eye in each bird: 1) an area of the superior-
anterior part of the eye, located anterior to the superior rectus muscle; and 2) a large vortex
vein medial to site #1, into which the other veins of the superior choroid drain. Five pairs of
measurement were made of blood flow, five pairs were made of blood velocity and five
pairs were made of blood volume for each eye for sile #1. Each pair of these recordings
consisted of the initial and final blood flow values during a thirty second session. Following
a pair of flow measurements, initial and final blood volume values during the next thirty
second session were recorded for the same eye, and then initial and final blood velocity
values during the next thirty second session were recorded for the same eye. At this point,
the probe was then positioned over the other eye and the same three pairs of flow, volume
and velocity measurements taken for that eye, after which the probe was then repositioned
over the initial eye, and so on, until all measurements had been completed for both eyes. To
ensure repeatability of probe placement for each eye of an individual animal, stereotaxic
coordinates were used for the probe positioning. The mean value of the five pairs of
recordings of CBF, volume and velocity were thereby calculated for each eye in each bird.
Following completion of the recording from site #1, one measurement of flow was taken of
the vortex vein for each eye. Blood flow was measured from the vortex vein site as a
confirmation of the values obtained from site #1, which could in principle appear to be
reduced (even if there was no overall diminution in CBF) if there was reduction in the depth
of the choroid attending putative stretching and thinning of the wall of the eye during ocular
enlargement. Note that there was some degree of variability in flow, volume or velocity data
for the untreated eyes among groups. Such differences presumably stem from slight
differences in age, eye size, body size, or probe placement between animals. There was also
evidence that the manipulation on the treated eye affected the untreated eye to a variable
extent. Despite such variability (which appears inherent to physiological measurements in a
wide variety ot systems), ANOVA revealed a number of clearly significant effects, as
discussed below.

After the CBF measurements, all birds were transcardially perfused with 6% dextran
followed by a fixative consisting of 4% paraformaldehyde in 0.1M lysine-0.01M sodium
periodate-0.1M phosphate buffer (pH 7.4). The heads were then stored in 0.1M phosphate
buffer with 0.02% sodium azide at 4°C until postmortem ultrasound measurements were
made. Measurements of anterior chamber depth, lens thickness, vitreous chamber depth and
axial length were made in the fixed eyes using A-scan ultrasonography as described
previously (27). The identity of the control and deprived eyes and the group to which each
animal belonged was concealed during the measurements. The eyelids were trimmed away
and the A-scan measures made with the eyes in place in the head. The average value from 6
individual measures were calculated for each eye. Time values were converted to distance
using the following conduction velocities: anterior segment 1,534 m/s; lens 1,6078 m/s;
vitreous chamber 1,534 m/s (28). These values are for living eyes at body temperature and
thus may be slightly in error for perfused eyes at room temperature. However, any errors
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should be similar for both treated and nontreated eyes and have a minimal effect on the
estimates of differences between treated and nontreated eyes. Also of concern was the
frequent dimpling of the cornea as a result of the fixation. Because of this dimpling, we
believed the anterior chamber measurements, and thus also the total axial length
measurements, were unreliable and they are not presented here.

The ultrasonography confirmed that vitreous chamber elongation occurred in the right eye in
both groups of goggled birds. Since studies by others have shown that the types of goggles
we used result in concurrent ocular elongation and myopia (7), we assume that the ocular
elongation in our birds resulted in myopia even though we did not confirm this with
refraction. Data were analyzed using a two-way ANOVA for repeated measures with a
priori planned comparisons to test the differences between right and left eye within groups
and between right eye of different groups or left eye of different groups (29). In this study,
all procedures were carried out in accordance with the The Guiding Principles in the Care
and Use of Animals (DHEW Publication, NIH 86-23) guidelines.

RESULTS

The results of the ultrasonography show that ocular elongation was induced in the deprived
eye in both the goggle-on group (birds that had the goggles on for 14 days prior to CBF
measurements) and the goggle-off group (birds that had the goggles on for 12 days then had
them removed 2 days prior to blood flow measurements)(Table 1, Fig. 1). Further, the
vitreous chamber length of the deprived eyes in the goggle-on and goggle-off groups did not
differ significantly (p = 0.7772). In both groups, the ocular elongation of the deprived eye
was attributable to increased length of the vitreous chamber. The mean right minus left
difference in vitreous chamber length in the control group was —0.275 + 0.104 mm, while
for the goggle-on and goggle-off groups it was 1.090 + 0.095 mm and 1.088 + 0.104 mm,
respectively. These differences between the goggled groups and the control group were
statistically significant (p< 0.0001). The vitreous chamber lengths of the left eyes (the
nongoggled eyes) in the goggled chicks were similar to and statistically indistinguishable
(p>0.82I) from those of the right eyes of the control (hongoggled) chicks, suggesting that the
experimental treatment on the right eye had no evident effect on vitreous chamber length in
the opposite eye in the goggled groups. Significant effects of goggle wear were observed in
lens thickness when the right eye was compared with the left eye of each goggled group (p<
0.05), with the lens being thicker in the right eye. As noted previously, because of corneal
dimpling, the data on anterior chamber length and total axial length were considered
unreliable and are not presented.

Choroidal blood flow in control chicks was similar in both eyes. In contrast, the CBF was
decreased in goggled eyes compared to the opposite non-goggled eyes within both the
goggle-on and goggle-off groups (Table 2, Fig. 2). Reductions in CBF were even more
evident when comparing only the right eye across groups. In this comparison, the mean CBF
in the right eye of the control birds for site #1 was 38.62+5.19 ml/min/100gm, but
significantly less in the goggled eye of goggle-on birds (14.31+2.16) (P= 0.0001) and the
deprived eyes of the goggle-off birds (19.58+1.67) (P=0.0004). Comparing the left eyes
across groups for site # 1 (Table 2, Fig. 2), the results suggest that CBF showed a trend

Curr Eye Res. Author manuscript; available in PMC 2015 June 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shih et al.

Page 6

toward reduction in the nongoggled eyes of the goggled birds, though this effect was only
statistically significant in the goggle-off group (p=0.0056).

The effects of goggling on the volume of the CBF were also clearcut. Significantly
decreased choroidal blood volume was found in the deprived eyes of goggle-on birds
compared to the right eyes of the control birds (p=0.0052) and in the deprived eyes of
goggle-off birds compared to the right eyes of the control birds (p=0.0031) (Fig. 3). The
effects of goggling on the velocity of the CBF were less clearcut. Significantly decreased
choroidal blood velocity was found in the deprived eyes of goggle-on birds compared to the
right eyes of the control birds (p=0.0174) but not in the deprived eyes of goggle-off birds
compared to the right eyes of the control birds (p=0.3144) (Fig. 3).

For the vortex vein site, the CBF results were fundamentally similar to those at site #1. The
CBF was statistically indistinguishable between the two eyes in the control birds
(p=0.5931), but the CBF in the goggled eye was significantly less (approximately 70%) in
both goggled groups than that in either eye in the control birds (p<0.0468). In the
nongoggled eye in the goggle-off group, the CBF at the vortex vein site was also
significantly reduced compared to either eye in the control birds (p<0.0229). This was not
true, however, for the nongoggled eye in the goggle-on birds (p>0.5852).

DISCUSSION

The present results clearly show that CBF is greatly reduced (to approximately 40-60% of
normal) in eyes in which myopia has been induced by visual deprivation (by means of
wearing goggles). We base our statement that the eyes were myopic on the large increase in
vitreous chamber depth that occurred in the deprived eyes. Even though no direct
measurement was made of refractive state and even though possible changes in corneal
curvature were not measured, this large increase in vitreous chamber depth, which is
comparable to that seen in other studies of chick in which myopia was found (30, 31), would
surely have produced a large myopic refractive state. Removal of the goggles two days prior
to measurements of CBF appears to result in no evident return of vitreous chamber length
toward normal, but does result in some recovery of CBF toward normal. Interestingly,
goggling of the right eye resulted in some apparent decreases in CBF in the nongoggled eye
(60-70% of normal) in both groups of goggled birds, but no effects of such altered CBF
were observed on eye lengths in the nongoggled eyes of the goggled birds. Although our
findings do not completely clarify whether the reduced CBF is an outcome of the myopia or
whether it plays a role in the development of the myopia, these various results are more
consistent with the notion that the reduced CBF is a consequence of the myopia, as
discussed in more detail below. The implications of our findings for the genesis of myopia
itself and for the genesis of myopic retinopathy are also discussed below.

Basis of reduced choroidal blood flow with goggle-wearing

There appear to be two general possibilities as to why CBF is reduced in chicks that have
worn goggles for 12-14 days: 1) the goggles themselves somehow lead to an alteration in
CBF, which then either may or may not secondarily affect eye growth; or 2) the vitreous

chamber elongation induced by the goggles may somehow affect CBF. The results of this
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study suggest that although the goggles themselves may directly affect CBF, the majority of
the reduction in CBF appears attributable to the myopia induced by the goggles. This
conclusion is supported by the observation that removal of the goggles two days prior to
CBF measurements does not result in a return of CBF to normal - rather it remains
substantially reduced (51% of normal). Nonetheless, the goggles themselves have some
impact on CBF independent of any induced myopia because there appears to be some
recovery of CBF by two days after goggle removal (from 37% of normal in goggle-on birds
to 51% in goggle-off birds). The mechanism by which the goggles themselves or myopia
might affect CBF are uncertain, but disturbances in ocular temperature regulation attending
goggle-wearing or choroidal and retinal thinning attending myopia may be the factors in
operation. Hodos et al. (10) showed that wearing hemispheric dome goggles (such as those
used here) could elevate ocular temperature by up to 5 °C. This phenomenon presumably
occurs because the goggle over the eye traps radiated heat from the eye and thereby
interferes with normal ocular heat dissipation mechanisms (10). Since the choroid is a
source of heat to the eye (14), CBF may decrease as part of a response to mitigate the
increased intraocular temperature caused by the goggle. This is the most likely explanation
of the slight increase in CBF that occurs in the chicks that had their goggles removed two
days prior to CBF measurements, i.e. heat dissipation mechanisms return to normal and CBF
then increases toward normal. A similar reflexive downregulation in CBF may occur with
lid suture in chicks and explain the decreases in temperature at the rear pole of the eye
observed with this manipulation (31). The neural mechanisms by which the choroid senses
ocular temperature and that lead to an appropriate adjustment in CBF are uncertain, but it is
possible that temperature sensing nerves are present directly in the choroid since substance
P-containing sensory fibers are present in the choroid (32-35) and substance P-containing
sensory fibers have been proposed to be involved in cutaneous temperature sensation (36).

The main part of the decrease in CBF observed in this study, however, appears attributable
to the induced myopic ocular enlargement, since CBF does not recover fully by 48 hrs after
goggle removal (by which time ocular temperature regulation should have recovered) (31).
The results of another recent study of ours in chicks also strongly favor the view that ocular
enlargement leads to reduced CBF. In this other study, we found that corneal manipulations
that induce ocular enlargement without disturbing ocular temperature regulation (as goggles
or eyelid suture do) also result in dramatically reduced CBF (37). There appear to be two
possible mechanisms by ocular enlargement could lead to decreased CBF: 1) choroidal
stretching and thinning accompanying overall ocular stretching in myopia: or 2) neurally
mediated reductions in CBF, possibly due to decreased need for high CBF for a now thinner
retina. Both types of changes would lead to reduced CBF by reduction of the volume of the
vascular bed, as observed to occur in the present study. A general thinning of all retinal
layers is observed in myopic chicks and some (but not all) other animals in whom myopia is
induced (1, 38), and choroidal and scleral thinning are features of human degenerative
myopia. (15). Thus, to the extent myopic eye growth involves passive stretching of the eye,
choroidal thinning in myopia may be the cause of reduced CBF in myopic chicks. No
thinning of the choroid and sclera, however, has been found in chicks made myopic by
visual deprivation (38) and myopic eye growth in chicks is reported to involve active
mechanisms such as increased protein synthesis and cellular proliferation in the sclera (39).

Curr Eye Res. Author manuscript; available in PMC 2015 June 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shih et al.

Page 8

Thus, the reduced CBF in myopia may be a neurally mediated adaptive response. The
normal high CBF rate is known to be essential as the driving force for oxygen and nutrients
to diffuse through the depth of the outer retina (and to the inner retina in the case of the
avian retina and the primate macula) and it is possible that with a thinner retina, as occurs in
myopia, the CBF may no longer need to be as high to provide such a driving force (20).

On a final note, it should be added that we cannot be certain that CBF would not have
recovered to normal if we had examined chicks more than 48 hours after goggle removal.
Wildsoet and Wallman (40) have found that choroidal thickening during recovery from
induced myopia develops after several days. Such a structural change might be associated
with increased CBF. It would be useful to study the relative rates in chicks at which myopic
eyes recover from myopia and at which CBF returns to normal to better determine the
relationship between reduced CBF and myopia.

Implications for genesis of myopia

The mechanisms by which form deprivation (caused by eyelid suture or goggle wearing)
lead to axial and equatorial elongation are not clear. An initial impetus of ours for exploring
the relationship of CBF to myopia was the possibility that CBF changes might be involved
as part of the mechanism. As noted, Hodos el al., (10) showed that wearing hemispheric
dome-type goggles could elevate ocular temperature, raising the possibility that such
elevated temperature might encourage scleral growth, resulting in an elongated globe and
myopic refractive error. We initially believed it possible that such increased ocular
temperatures might stem from putative increases in CBF, with both temperature and CBF
increases then favoring the eye growth toward myopia. As discussed above, however, our
current data suggests that CBF is decreased with ocular enlargement of the type that
commonly occurs in myopia and the altered CBF obtained with goggle-wearing is largely an
effect of and not a cause of the myopia. Further, Hodos (31) has shown that the sutured eyes
of lid-sutured chicks, which also exhibit ocular elongation and myopia, are not warmer than
normal when closed and sutured. Thus, neither ocular temperature elevation nor increased
CBF is necessary for myopia. In support of this, we have found that corneal manipulations
that have no effect on ocular temperature yield ocular elongation and reduced CBF in chicks
(37). Finally, although it is possible that reduced CBF (irrespective of its effect on
temperature regulation) could favor ocular enlargement (perhaps by altering the rigidity of
the wall of the eye), the available evidence does not favor this notion. In the present study,
the nongoggled eyes in both experimental groups showed apparent reductions in CBF
(60-70% of normal), but no evidence was seen of axial elongation in the nongoggled eyes of
the goggled birds. Further, in a separate study we have found that reducing CBF by severing
the choroidal nerves (which provide vasodilatory tone to the choroidal vessels (23)) in
chicks does not yield ocular enlargement (41).

Implications for myopic retinopathy

Choroidal blood flow might also be of importance in myopia because of a role that altered
CBF could play in myopic retinopathy, which is one of the major clinical problems
occurring with high myopia (15). The principal function of the choroid is to nourish the
outer retina and normal blood flow rates through the choroid are high, with the CBF alone
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accounting for 85% of all ocular blood flow (42). In myopic retinopathy, the retina of the
posterior pole thins and degenerates, affecting mainly the outer layers, which receive their
principal vascular supply from the choroidal vessels. A reduction ot CBF has been noted in
high myopic patients (43). The basis of such reductions is uncertain, but it is possible that
some of the same mechanisms may be in operation as in the myopic chicks described in the
present study. Passive stretching and attendant thinning of the choroid, neurally mediated
down regulation of CBF and/or rarefaction of choroidal vessels may all be involved in the
decreases in CBF in human myopia. Such reduced CBF could be damaging for the retina,
since disruptions of CBF have been shown to lead to pathological changes in photoreceptors
as well as in other outer retinal cell types (16-20).
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Figure 1.
Comparisons of the vitreal chamber length of the left eye vs. the right eye in the control,

goggle-on and goggle-off groups. Note that vitreous chamber length of the goggled eye
(right eye) is significantly increased (asterisks) in both goggled groups when compared wilh
the control right eye. Error bars represent standard error of the mean.
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Figure 2.
Comparisons of the choroidal blood flow in the left eye vs. right eye of the control, goggle-

on and goggle-off groups of birds. Note that choroidal blood flow is significantly reduced
compared to the control in the right eye of both goggle groups (asterisks) and in the left eye
of the goggle-off group (asterisks). The right eye was the goggled eye. Error bars represent
standard error of the mean.
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Comparisons of choroidal blood volume in the left eye vs. right eye of the control, goggle-
on and goggle-off birds. Note that choroidal blood volume is significantly reduced compared

to control in the right eye (goggled eye) of both goggled groups. Error bars represent

standard error of the mean.
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Table 1

Ocular dimensions of chicks in different groups. The right eye was the deprived eye in the goggled groups.
Each value represents mean (xSE)

Ocular Parameter Control (n=11) Goggle-on (n=13) Goggle-off (n =11)
Right Left Right Left Right L eft
Lens Thickness (mm) 2.902+0.040 2.916+0.042 3.104+0.066 3.047+0.057 3.097+0.058  3.047+0.058

Vitreal Chamber Length (mm)  5.266+0.106  5.541+0.103  6.334+0.112 5.244+0.092 6.363+0.098 5.275+0.089
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Table 2

Choroidal blood flow, volume and velocity of chicks in different groups. The right eye was the deprived eye in
the goggled groups. Each value represents mean (£SE)

Blood Flow Parameter

Flow (Site #1)
Volume (Site #1)
Velocity (Site #1)
Flow (Vortex Vein)

Control (n=11) Goggle-on (n=13) Goggle-off (n =11)
Right Left Right Left Right Led

38.62+5.19 36.91+6.98 14.31+2.16 29.39+2.77 19.58+1.67 22.45%1.78
0.56+0.07 0.57+0.09 0.31+0.03 0.55+0.08 0.28+0.02 0.46+0.06
1.41+0.18 1.15+0.12 0.99+0.06 1.20+0.12 1.22+0.14 0.98+0.11
163.78+17.41  175.23+24.03 108.23+14.18 163.54+21.58 118.55+15.61 111.73+18.98
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