

















Downloaded from bjo.bmj.com on February 12, 2012 - Published by group.bmj.com

An in-vitro morphological study of Q-switched neodymium/YAG laser trabeculotomy 95

Fig.6 Transmission electron micrographs of a laser hole
made in unfixed tissue by a single 30-6 mJ pulse at 0-5 mm
beyond the HeNe focus (case 5): (a) the outer meshwork
30 wm from the edge of the hole shows autolytic
cytoplasmic vacuolation only (X2000); (b) at the edge of
the hole the trabeculae are fractured and the cells are
ruptured (thin arrows); intact cells (thick arrow) are
present within 30 um of the edge (X 2000).

the output of continuous wave lasers in that they are
several orders of magnitude greater in power, though
low in energy. A typical neodymium/YAG laser, for
example, could yield a Q-switched pulse of a few tens
of millijoules but with a pulse duration so short that
the power delivered during the pulse is one million

times that of a typical 0-1 s burst of argon laser
radiation. Such high-power pulses, if sharply focused
to give very high-power densities, cause damage by
vapourising a very localised volume at their focus
without raising the temperature of surrounding matter
significantly. The destruction is caused by non-linear
processes characteristic of very high electric fields
rather than the more familiar chemical absorption,
and so is largely independent of the colour of the
target.®

These properties of Q-switched pulses—the
localised non-thermal damage, and the ability to act
on transparent tissue—make them an attractive
choice for laser trabeculotomy. As long ago as 1972
Krasnov® reported promising results using Q-
switched pulses from a ruby laser to create large holes
through meshwork into Schlemm’s canal. Although
it was effective in reducing the IOP in the short
term, long-term follow-up showed a decline in the
effectiveness of this technique in maintaining a
reduced level of IOP, and it has not been generally
adopted. Neodymium/YAG and neodymium/glass
lasers have been used experimentally with some
success, but clinical attempts to perform either laser
trabeculotomies or cyclodialyses have been dis-
appointing,” posibly because of induced collapse of
Schlemm’s canal and closure of the laser opening
respectively.

The in-vitro application of a well characterised and
controlled YAG laser system to human tissue was
considered to be essential for the study of the basic
configurational features of laser induced trabecu-
lotomies. The result of laser treatment in our experi-
ments, as shown by light microscopy and scanning
electron microscopy, was a series of tiny holes of
roughly rounded cross section and generally extend-
ing into Schlemm’s canal irrespective of the intrinsic
thickness of the trabecular tissue. This suggests that
the explosive force of the focused laser-pulse was
somewhat dissipated by the presence of the canal; it is
interesting to note that any damage to the outer wall
of the canal was well localised and superficial.

An interesting feature of our investigation is that
no simple correlation was found between the dimen-
sions of the laser-induced hole and the laser operat-
ing parameters within the chosen range. Various
factors such as higher reflectivity made focusing more
difficult for fresh tissue than for fixed, but in all cases
there was considerable variability in the intrinsic
architecture of the tissue, the extent of aging changes
such as trabecular thickening and deposition of curly
collagen, and the degree of autolysis before fixation.
This variability may have masked any underlying
pattern of dimensional dependence on pulse number
or degree of defocusing.

It was not possible to approach the clinical in-vivo
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situation in these experiments even with a freshly
enucleated eye because of the degree of unavoidable
autolysis that occurred while transporting the tissue
to the laboratory and optimising the laser system’s
parameters just prior to use. We cannot really
comment on any short- or long-term damage which a
YAG system of this type might induce in endothelial
cells around the site of a focused pulse in vivo.
However, the results obtained from the TEM study
of selected holes indicated that endothelial cells had
an apparently undisturbed morphology outside a
range of approximately 100 um. In the best pre-
served fresh tissue (case 5) intact cells were found
within 30 um of the edge of the hole, and this raises
the possibility that endothelial cell cover could be
restored after in vivo laser treatment. Fragmentation
of the trabecular cores was limited to a narrow band
of approximately 20 to 30 um from the edge of the
hole, and it seems unlikely that, in vivo, liberated
core materials would produce significant secondary
obstruction to the canal. The most important prob-
lems still to be resolved in the use of the YAG laser to
perform trabeculotomies are the subsequent repair
response of the trabecular tissue and any unforeseen
effects on other constituents of the anterior chamber
in vivo. To our knowledge such information is not yet
available, but preliminary primate experimental
studies have yielded somewhat disappointing
results."
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