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A Review of the
Pathogenesis of
Corneal Vascularization

c orneal vascularization is a subject

of importance not only to research
scientists but also to optometrists who in
daily clinical practice are responsible for
monitoring the ocular health of their
patients. Contact lens patients in par-
ticular must be examined regularly and
on a continuing basis for signs of patho-
logical corneal changes such as vascular-
ization which indicate an intolerance to
their contact lenses. The purpose of this
paper is to review what is presently
known about the pathogenesis of corneal
vascularization since an understanding of
this condition may give us insight as to
why it occurs in certain patients; for
example contact lens wearers.

According to Duke-Elder!, vasculari-
zation of the cornea is the response of a
tissue in difficulty, primarily as a defence
mechanism against disease or injury. The
manner in which disease, injury of other
factors may bring about blood vessel
growth into the normally avascular cor-
nea has been the subject of many inves-
tigations. Over the years a wide variety
of methods have been developed to study
corneal vascularization in experimental
animals.2 Typically, live rabbits are
used whose anesthetized corneas are sub-
jected to some form of injury, usually by
chemical or thermal means. The response
of the injured corneal tissue is then moni-
tored by suitable laboratory techniques on
living and enucleated eyes. Investigators
have also studied the effect of drugs and
environmental conditions on corneal
vascular responses.

In one of the earliest studies, Cogan?
observed the growth of new blood ves-
sels into edematous corneal tissue but not
into non-edamatous tissue. He concluded
therefore that the decrease in compact-
ness of the corneal stromal which
occurred under conditions of corneal
swelling was sufficient to allow the
growth of new capillaries into the swollen
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stromal tissue from the limbal arcades.
Expanding on this work, Campbell and
Michaelson*, Michaelson’, Maurice,
Zauberman and Michaelson®, and
Klintworth’” showed that while edema
was a necessary condition in the vascu-
lar process, it was not a sufficient stimu-
lus per se. They postulated that corneal
lesions released an unknown but essen-
tial chemical mediator or ‘‘X-factor’
(perhaps as a result of anaerobic
metabolism) which diffused from the site
of the lesion thereby acting as a chemical
stimulus to vascularization.

Ashton and Cook®, investigating the
role of tissue hypoxia, suggested that the
cornea is normally in a peculiar state of
‘‘sub-oxidation’’ so that in the event of
a decrease in tissue compactness in the
limbal region for a sufficient period of
time, vascularization would regularly
occur. However Baum and Martola’
subsequently demonstrated limbal edema
without vascularization; and Kaiser and
Klopp!© found that vascularization was
not diminished in animals exposed to
hyperbaric levels of oxygen.

In a study of retinal neovascularization,
Ashton!? believed that the stimulus to
neovascularization was present in
hypoxic retinal tissue; probably a chem-
ical byproduct of anaerobic metabolism.
The role of one such anaerobic chemical
byproduct — lactic acid — was inves-
tigated by Imre!?> who provided evidence
to show that neovascularization of the
retina was indeed caused by a buildup of
lactic acid in hypoxic retinal tissue.
Levene, Shapiro and Baum'? went on to
measure the lactic acid concentration cen-
trally and in the region of the limbus in
normal healthy corneas and in corneas
which were undergoing vascularization.
They discovered that normal corneas had
less lactic acid peripherally than cen-
trally, probably as a result of the prox-
imity of the limbal vessels which would

allow for greater oxygen utilization in
this area and therefore less accumulation
of lactic acid. In vascularized corneas
however, they found that the peripheral
lactic acid concentration was the same as
that found centrally. This, they believed,
was the result of impaired aerobic
metabolism in the limbal area. Morley
and McCulloch' reported a similar
increase in peripheral corneal lactate after
contact lens wear. Lactic acid then could
be an example of Campbell and
Michaelson’s “‘X-factor’’.

Later, other chemical substances were
found which also stimulated corneal vas-
cularization. Zauberman, Michaelson,
Bergmann and Maurice'® for example,
were able to stimulate blood vessel
growth into the cornea by using the bio-
genic amines acetylcholine, histamine,
serotonin and bradykinin. They thought
these substances might be vasostimu-
lating factors or the precursors of as yet
unidentified vasostimulating factors.
Collin'® however showed that histamine
and heparin were not directly responsible
for corneal vascularization but rather
were involved in the limbal inflammatory
process which immediately precedes it.

Examining the role of the immune sys-
tem in corneal vascularization, BenEzra
and Sachs!” found that lymphocytic
inhibitors were normally present in the
aqueous of rabbits: thus perhaps lym-
phocytes were somehow involved in
the vascular process. Fromer and
Klintworth!3: 19 and BenEzra®? later
found that leukocytes and possibly
lymphocytes were necessary for corneal
vascularization by producing one or
more vasostimulating factors. However
Sholley, Gimbrone and Cotran?! demon-
strated that corneal vascularization could
still occur in animals whose blood leuko-
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cyte counts had been depleted by whole-
body X-radiation, although the magni-
tude of the vascular response would be
less than in non-leukopenic animals.
Eliason?2, who later duplicated these
results, suggested that the corneal
epithelium itself may be the source of the
vasostimulating factor. Thus the source
or sources of vasostimulating factors still
remains uncertain.

Corneal vascularization has been
shown to be inhibted by various chemi-
cal substances. Brem et al%3 using a sub-
stance found in the vitreous, and Goren
et al?* using an extract of bovine aorta
were able to inhibit the vascular response
in experimental animals. Eisenstein
et al?> went on to show that bovine
aortic extract not only inhibited corneal
vascularization but also enhanced the
regression of newly-formed vessels.
Regression of newly-formed secondary
and tertiary vessel branches in the rabbit
cornea by the clearing action of macro-
phages was observed by Ausprunk,
Falterman and Folkman®® one week
after the causative stimulus to vasculari-
zation had been removed. After three
weeks, the primary branches were thin-
ner and devoid of blood. They pointed
out that regression of corneal blood ves-
sels which they had observed in rabbits
does not occur in humans: blood vessels
may remain indefinitely as ‘‘ghost’” ves-
sels even after the causative stimulus has

been removed. _
Prostaglandins were later discovered to

play a mediating role in vascularization
by BenEzra?’> 28 who provided evidence
to show that they were neovascular
mediating substances. He also showed
that leukocytes produced a neovascular
attracting factor which he felt may be
identical to ‘‘tumor angiogenesis factor’’
or Campbell and Michaelson’s “‘X-
factor’’. BenEzra? later went on to
demonstrate that prostaglandins of the
E-series were the most potent neovas-
culogenic activators. Additional support
for the role of local prostaglandin syn-
thesis in the pathogenesis of corneal vas-
cularization was provided by Robin,
Regis-Pacheco, Kash and Schanzlin®®
who discovered that the corticosteroid
prednisolone and the non-steroids
indomethacin and flurbiprofen, which
were known to inhibit prostaglandin syn-
thesis, were also potent inhibitors of
corneal vascularization in experimental
animals. Together, this evidence seemed
to indicate that prostaglandins play an
important albeit intermediate role in the
pathogenesis of corneal vascularization.

Recently, Cassel and Grodin®! intro-
duced a new perspective on the subject
of corneal vascularization by showing
that experimental animals with denerv-
ated corneas experienced significantly
less vascularization than animals with
intact corneal nerves. Thus the possibility
of a neural control of corneal vasculari-
zation must also be considered.

The results of these studies have given
us a better although still incomplete
understanding of the pathogenesis of cor-
neal vascularization. In summary, it is
certain that edema is a necessary condi-
tion in the vascular process although
some unknown °‘‘X-factor’ is also
required. Lactic acid or perhaps leuko-
cytic neovascular attracting factor may be
the vasostimulating substance: the as yet
unidentified **X-factor’’. It appeaars that
the corneal epithelium itself could also be
a source of this vasostimulating factor.
The biogenic amine, histamine, is in-
volved with the preliminary inflammato-
ry phase of limbal injection which
precedes corneal vascularization; and
prostaglandins, in particular those of the
E-series, play an intermediate role as po-
tent neovascular mediating substances. In
addition, the neural integrity of the cor-
nea itself affects the magnitude of the vas-
cular response. It remains for further
research to explain the manner in which
each of these factors relate to one another
and to the overall vascularization
process.
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