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Pressure gradient in the eye
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Dear Editor,

It is a proven fact that the pressure at the base of the fluid is greater
than that which is at the top, due to the weight of the fluid itself [1].
The eyeball is a spherical object, filled with vitreous humor, a fluid with
a certain density. For this reason, hydrostatic pressure on the retinal
surface would differ, if it was able to be measured. Although the pressure
within the eyeball depends primarily on the amount of aqueous humor
being continuously produced and drained away, vitreous humor may
also contribute, even a little, to this pressure. It could be a noteworthy
difference in the intraocular pressure (IOP) due to the pressure gradient
induced by the weight of vitreous, which is a hydrostatic pressure.

For this reason, it is very likely that, the pressure on the lower part
of the eye would be more than it is on the upper, due to the hydrostatic
pressure of vitreus. Ozer et al have made theoretical calculations to
find pressure gradient produced by the weight of vitreous. According
to this study, theoretically, different pressure gradients were found on
various parts of retina, and this difference was about 1.5 mmHg among
different retinal points [2].

It may also be possible to assume that, this difference in pressure
gradienthasan effect upon retinal vessels. Each blood vessel in the retina,
has both an internal pressure and an external pressure (intraocular
pressure). The difference between them is called, the transmural
pressure. Based on the Laplace law, which states a relationship between
the radius and transmural pressure of the vessels, the smaller the radius,
the larger the pressure it can withstand [3]. So, if a vessel withstands a
huge amount of pressure, it should have a smaller radius.

Applying this law on the eyeball, radii of retinal blood vessels
should differ from each other in different parts of retina because of the
difference in hydrostatic pressure gradients of vitreus. According to
this theory, because of the weight of vitreous humor, there should be
more hydrostatic pressure in the lower aspect of the eyeball compared
with the upper, which should cause the vessels’ diameter in the inferior
retinal region being smaller than that of the superior ones.

This aforementioned theory is supported by the findings of the
study of Jonas and associates, who have found the diameter of the
retinal vessels significantly smaller in eyes of glaucoma comparing with
normal eyes. The differences have been found to be more marked on the
arteries and inferior temporal veins [4].
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Crichton et al have reported that patients with asymmetric visual
field defects had a mean IOP difference between the two eyes, which
accounted for either greater than or equal to 1 mmHg [5]. Hence,
if even 1 mmHg increase in IOP in one eye can exceed the limit of
required threshold for any visual field damage to occur, then the same
thing may very well be true for two different regions of the retina in the
same eye. In patients with glaucoma, visual field defects appear initially
in the superior quadrants, indicating that ganglion cells are more
damaged in the inferior retinal region [6-8]. If this proves to be the case,
then the pressure gradient between superior and inferior retinal regions
may lead to different defects in the superior and inferior visual fields.

Because of gravity, IOP gradients would change on different parts
of retina. The vessels of the lower parts of the eye would be more
vulnerable to this extra pressure induced by vitreous weight by posture.
This extra pressure may do cause a poor perfusion in the lower aspect’s
retina. This would explain the cause of asymmetrical visual field defects
due to damages of ganglion cells under different amounts of pressure
depending on the posture, or other individual habits. So finally, for
future studies, taking this pressure gradient into account, may help us
to elucidate the asymmetric visual field changes which are unexplained.
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