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this set of pulse firings we found it possible to locate
the HeNe focus with a precision of approximately 10
g,m with this high convergence system. These results
were encouraging enough to warrant tissue experi-
ments with the same system.
Cornea athigh convergence angle. Nd/YAG pulses.

converged at an angle of 60, were fired into corneal
tissue held at positions between 300 gim in front of the
HeNe focus and 400 ,um beyond it. Single pulses of 30
mJ, 13 mJ, or 11 mJ were fired into each target site. In
some cases the corneal tissue was positioned with its
epithelial surface facing the Nd/YAG beam. In others
the endothelial surface was exposed instead.
The results are indicated in the lower section of

Fig. 4. It was found that even at 30 mJ, Nd/YAG

Figs. 7A and B Scanning electron
micrographs oftissue exposed to
Ndl/YA G pulses at 60 convergence.

A: EffectofoneM3Opulsefired
into tissue position at 0-2 mm
beyond the HeNefocus. M= Uveal
meshwork.

Fig. 7B:_Effectsoftwo14m pulses
fired side by side into tissue
positionedfirst at the HeNefocus
then 0-4mm beyond it. M= Uveal
meshwork; S=Schlemm's canal;
C= Collector channel.

pulses caused damage only if the corneal surface was
positioned between 100 gim in front of the HeNe
focus and approximately 300 ,um beyond it. Such
a small depth of focus for damage in the cornea
suggested that the 60 convergence angle system
would be acceptable in that context for our eventual
in vivo application.
Normal meshwork at high convergence angle.

Excised samples of meshwork were held at a series of
positions between 1-5 mm in front of the HeNe focus
and 1-6mm beyond it. Eight different NdIYAG pulse
energies in the range 6 mJ to 30 mJ were tried, firing a
single pulse into each target site as before.
The results are indicated in the upper section of

Fig. 5. There were four main points of interest in
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them. The effective depth of focus for making holes
in meshwork with 30 mJ pulses was approximately
2-4 mm centred at the point of focus for the HeNe
beam. This depth of focus was reduced as pulse
-energy was lowered. The threshold for meshwork
damage was about 7 mJ. The deeper holes were made
when the target was closer to the HeNe focal point.

It was found that holes as small as 50 ,um in
diameter but extending into Schlemm's canal could
be made. Fig. 6 is a photomicrograph of a toluidine
blue stained section cut through one of the laser
holes. Fig. 7 shows scanning electron micrographs of
some others.

Stained meshwork at high convergence angle. Four
values of pulse energy in the range 3 mJ to 30 mJ were

tried with the artificially coloured meshwork
samples. In other respects the experimental protocol
was as for the previous set of experiments.
The results are shown in the lower section of Fig. 5.

It was found that 30 mJ pulses made holes over

approximately the same range as for unstained tissue,
but the threshold of damage was much lower. Even
the lowest Q-switched pulse energy available with
our system, 3 mJ, resulted in a hole, and one pulse of
only 6 mJ made a hole through to Schlemm's canal.
These results can be explained as follows. Laser

damage by Q-switched pulses can occur by non-linear
processes of fundamental structural breakdown,8 but
only at very high power densities, of the order of 1010
watt/cm2. These processes would be expected to
apply to transparent and coloured matter equally,
and our results at a pulse energy of 30 mJ confirm
this. At lower power densities damage can occur by
normal, linear absorption processes. The effective-
ness of these processes would be expected to depend
on the properties of the target matter, in particular its
colour. Our results below 7 mJ fit this reasoning.

Discussion

This series of in vitro experiments has yielded in-
formation of interest and value in furthering our
development of a noedymium/YAG laser system for
performing internal trabeculotomies. The initial
work, done with a small YAG convergence angle,
showed the feasibility of making discrete holes
through meshwork but also showed problems of poor
reproducibility of the effects in terms of the dimen-
sions of the holes made. This variability was found to
depend partly on the irregularity of the tissue surface,
as it improved slightly if a smooth plastic surface was
used instead, but also on the difficulty found in

accurately determining the focal point of the HeNe
marker beam.
When the convergence angle of the two laser

beams was increased by a factor of three, the focal
point of the HeNe beam could be found more reliably,
and at the same time the effective depth of focus for
theYAG pulses was significantly reduced resulting in
a more useful delivery system.

This system enabled the effects of displacing the
target from the geometric focus, of lowering pulse
energy, and of changing the nature of the target to be
observed. Although these effects could have been
predicted qualitatively, our system allowed precise
measurements of the changes and corresponding
effects to be made. It also showed that holes of the
required morphology-diameter 100 gim and depth
sufficient to reach Schlemm's canal-could be created
quite easily.

Similar in vitro studies are currently being pursued
with fresh tissue rather than fixed being used, an even
larger beam convergence angle, and a specially
designed gonioglass, to approach the in vivo situation
more closely. In this way we hope to gather system-
atically the data on which a clinical neodymium/YAG
laser system and operating protocol can be soundly
based.

This study was supported by the Rank Prize Fund (Grant No 7269).
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