












Human fetal iridocorneal angle: a light and scanning electron microscopic study

Fig. 4

877

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 



P C McMenamin

development in macaques Van Buskirk"' identified
small intercellular gaps in the lining in the first
trimester, whereas by the second trimester only the
anterior half to two-thirds of the trabecular meshwork
was covered by intact endothelium. Despite evidence
of gaps, as in the present study, this was interpreted
as further support of late regression of a pretrabecular
membrane in the normal fetal eye. Since many
species of non-human primates retain an operculum
and lamellate uveal trabeculae into adult life""' one
would perhaps expect different remodelling events in
development. Therefore the appearance in the human
of relatively large and numerous gaps may be
an important species difference of functional
significance.
The presence of openings in the chamber angle

lining early in gestation correlates with physiological
evidence that some degree of aqueous drainage is
effective by 17-18 weeks of fetal life' and gradually
increases during development." Indeed channels of
communication between the anterior chamber and
the trabecular anlage may be vital to the normal
formation or cavitation of intertrabecular spaces,
which were evident in the uveal layers as early as
12-14 weeks in the present study. In a study of the
developing cat angle Richardson et al.'5 correlated
increased volume of the intertrabecular spaces with
the appearance of perforations in the 'membrane'
which temporarily covers the meshwork.
The concept of an uninterrupted endothelial

membrane (Barkan's membrane) lining the trabe-
cular anlage during normal development has found
support among clinicians who envisage an abnormal
persistence or failure of perforation of this membrane
to be a likely cause of obstruction to aqueous outflow
and therefore of congenital glaucoma. '-1 ""
Disruption of such a membrane during goniotomy or
trabeculotomy appeared to correlate with a clinically
demonstrable increase in aqueous outflow.' In
contrast, histological evidence of a membrane
continued to elude pathologists.4'- This was con-
sidered by supporters of the membrane theory to be
due to difficulties in obtaining suitable eyes at the
early stages of the disease or to disruption of the
membrane during processing.' There are many
theories on the aetiology and pathogenesis of
congenital glaucoma including failure of atrophy or
cleavage; defective neural crest cell migration; and
excessive formation of collagen which prevents the
normal posterior sliding of the ciliary body."'142"27 On
the basis of the present evidence it is clear that these
explanations should no longer include failed
regression of a complete endothelial pretrabecular
membrane, since even in the early fetal eyes openings
were present which appear of sufficient frequency
and size to allow unimpeded egress of aqueous from

the anterior chamber. Alternative explanations of
Barkan's membrane may include condensed
pectinate ligaments, excess proteoglycans on the
inner surface of the meshwork (W R Lee, personal
communication), or the formation of secondary
pretrabecular membranes due to corneal endothelial
downgrowth.

Theories on the aetiology and pathogenesis of
primary congenital glaucoma and other develop-
mental abnormalities of the anterior segment, such as
the iridocorneal endothelialisation (ICE) syndromes,
should take the common neural crest origin of the
ocular mesenchyme into account. These cells give
rise to corneal stroma, corneal endothelium, iris
stroma, ciliary muscle, ciliary body connective tissue,
and trabecular endothelial cells. Vascular endothelial
cells, and therefore presumably the endothelium of
Schlemm's canal, arise independently from meso-
derm. This information has been elucidated in birds
by means of chick/quail chimaera and autoradio-
graphic studies (see Noden'" for review). Although
definitive proof in mammals of a comparable
ontogeny is still not available, it seems likely
especially since craniofacial abnormalities are often
associated with anterior segment dysgenesis,
including congenital glaucoma.'" ''"" Theories of
delayed maturation as the cause of congenital
glaucoma need not be restricted to the inner or uveal
portion of the meshwork. Equally important
morphogenetic and remodelling events are occurring
throughout the aqueous humour outflow system
which if disturbed could have serious functional
consequences. These developmental changes will
form the basis of future reports.
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