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ABSTRACT
The trabeculectomy is by far the most widely performed operation for
chronic glaucoma. Studies of adult Caucasian patients undergoing this
procedure report a success rate of about 85%. However, in children,
Blacks, neovascular and aphakic glaucomas, and in patients who require
re-operation, the success rate is far 1ower. The majority of
trabeculectomies that fail, do so because of fibrosis which produces
scarring at the operation site. It is unknown why certain patients are
predisposed to surgical failure.

The migration of fibroblasts to the wound under the influence of
locally produced chemicals, and their subsequent contraction, are
important in the formation of scar tissue. Fibroblast migration and
contraction have not previously been studied in the context of
glaucoma surgery. In addition, the role of the aqueous humour in
maintaining the patency of a trabeculectomy is poorly understood.

Rabbit and human ocular fibroblasts were established in tissue
culture, and employed in migration assays using 48-well micro-
chemotaxis chambers. Chemoattractants consisted of fibronectin,
fibroblast conditioned medium, and aqueous humour. The aqueous was
derived from normal rabbit and human eyes, and from patients
undergoing glaucoma surgery. The fibroblasts were also investigated in
contractile assays. A series of drugs were then evaluated as potential
fibroblast inhibitors.

Rabbit and human aqueous humour was found to be strongly chemotactic
to ocular fibroblasts. Samples derived from patients who had
previously undergone failed glaucoma drainage surgery were of
significantly greater activity than control specimens. The presence of
high aqueous chemotactic activity pre-operatively may partially
explain why some patients are prone to surgical failure. A number of
the drugs evaluated markedly inhibited fibroblast migration and
contraction. Further testing of these compounds, particularly taxol,
is indicated in animal models of glaucoma drainage surgery as some of
them may be beneficial in inhibiting fibrosis in patients undergoing
trabeculectomy, thereby improving the success rate of surgery.
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Chapter 1 INTRODUCTION

1.1. GLAUCOMA AND TRABECULECTOMY

The introduction of the operation of trabeculectomy in 1968 by Cairns
(Cairns, 1968) has dramatically altered the management of patients
with glaucoma. The hazards of the operative techniques available prior
to this time meant that surgery at an early stage of the disease could
generally not be contemplated. Surgery was therefore reserved as a
last ditch manoeuvre in end stage glaucoma, when every type of medical
therapy had failed, to attempt to preserve the small amount of vision
remaining in a patient (Watson, 1981; Watson and Grierson, 198l1). The
trabeculectomy has so reduced the complications, and consequently the
fear of surgery, that its implementation as a primary procedure for
the management of glaucoma has been advocated by some (Cairns, 1982;
Jay and Murray, 1988). In addition, where medical treatment has failed
to control the disease, the decision to intervene operatively can now
be made with little hesitation. =~

Although the trabeculectomy is generally a very successful operation
(Watson and Grierson, 1981), in common with all other surgical
procedures, a number of operations will inevitably fail, and
invariably a proportion of patients will suffer adverse effects from
surgery. In addition, in certain identifiable groups of patients, the
success rates of surgery are disappointingly low. This thesis explores
the reasons for the failure of the trabeculectomy and presents
experimental studies directed at understanding and reducing this

serious problem for patients undergoing glaucoma surgery.

1.1.1. Definition of glaucoma
The intra-ocular contents are normally subjected to a pressure up to
21 mmHg greater than the atmospheric pressure. The glaucomas are a
diverse group of ophthalmological conditions with a number of
manifestations. However, they have in common an intra-ocular pressure
(IOP) which is believed to be too high for the intra-ocular tissues,
particularly the retina and the optic nerve head, to withstand for a
prolonged period without suffering irreversable damage. In most types
of glaucoma the IOP is elevated beyond the normal range. However, the
situation is complicated in normal or low tension glaucoma where
seemingly normal IOP's still appear to cause visual damage. Therefore,
except for extreme elevations of IOP, it has not yet been determined
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whether the elevated pressure is a primary feature ie. causative in
producing visual damage, or is merely a secondary manifestation of a
disease resulting in both damage to the optic nerve and elevated
pressure.

The brunt of the damage in glaucoma is borne by the ganglion cells of
the retina (Quigley and Green, 1979). This is manifested by the
progressive loss of axons in the optic nerve, which is seen clinically
as cupping of the optic disc. Only when approximately 50% of the
neurons are lost, do the characteristic field defects of glaucoma
begin to be detected (Quigley, Addicks and Green, 1982).

The IOP is easily measured in a routine ophthalmological examination.
The vast majority of treatment directed towards the glaucomas has
therefore been aimed at reducing the IOP, based on the supposition
that the pressure is a prmary feature of the dlsease. Th:.s may well
" be untrue, at least J.n some forms of glaucoma, and may therefore have
little relevance in controlling the disease progression. However, in
the present state of ignorance, the lowering of the IOP remains a
primary goal in the management of the glaucomas.

1.1.2. Pathophysiology
The IOP in engendered by the secretion and ultrafiltration of aqueous
humour by the epithelium of the ciliary body. This blood derived
transparent fluid circulates from the posterior chamber of the eye,
where it is produced, through the pupil to the anterior chamber. The
aqueous humour is absorbed back into the circulation via the
structures in the angle of the anterior chamber of the eye. Most of
the fluid percolates through the trabecular meshwork in the angle,
encountering progressively increased resistance to its flow, until it
finally reaches the canal of Schlemm. From here, the aqueous flows
into collector channels, aqueous veins and ultimately into epi-scleral
venous plexuses and thus to the general circulation. Between 4 and 14%
of the aqueous percolates through the iris stroma and trabecular
meshwork, into the ciliary body and sclera, and then is resorbed back
into the choroidal circulation or drains directly through the scleral
substance and via perivascular spaces, into the periocular connective
tissues (Bill and Phillips, 1971). The importance of this non-
conventional or uveo-scleral outflow of aqueous humour in health and
in glaucoma is uncertain (Hitchings, 1987). The rate of production of
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aqueous humour is believed to be constant at about 2 to 4 ul/minute
(Cole, 1984). Consequently, the resorption of aqueous must match the
secretion rate if the IOP is to be maintained. In glaucoma there is an
increased resistance to the outflow of aqueous humour which is
believed by the majority of authors to be situated in the inner wall
of Schlemm's canal (Lee and Grierson, 1982). Overcoming this increased
resistance necessitates an elevation of the IOP to once again achieve
homeostasis where the inflow of aqueous humour into the eye balances
its outflow.

1.1.3. Classification and epidemiology of the glaucomas
A number of classification systems of the glaucomas have been
developed. One of the most useful systems clinically is described by
Hitchings, (1987). Glaucoma that arises as a result of a developmental
defect or a degenerative process occurring within the eye is termed
Pr:.mary Glaucoma, while that result:u.ng from another dlsease process
’ occurrlng inside or outside the eye is referred to as Secondary
Glaucoma. The two major groups of glaucoma can be further subdivided,
based on the morphology of the irido-corneal angle, into Open angle
and Closed angle types. Combined mechanism (mixed or narrow angle
glaucoma) is a further category of the primary glaucomas.

There are estimated to be 125,000 cases of glaucoma in the United
Kingdom of which one third are diagnosed. Primary Open Angle Glaucoma
constitutes 35% of these; 17.5% are Low Tension Glaucoma; 30% are
Secondary Glaucomas; Closed Angle Glaucoma accounts for 12.5%; while
the remaining 5% are cases of Congenital Glaucoma. About 13,000 people
who are registered blind have glaucoma, although other diseases may
have contributed to their visual loss. This constitutes 14% of blind
registrations. A similiar number of people, although not registrable
as blind, have severe visual handicap resulting from glaucoma
(Hitchings, 1987).

1.1.4. Treatment of glaucoma
The elevated IOP of the chronic glaucomas can be treated by two main
methods (i.)Decreasing the inflow of aqueous humour and
(ii.)Increasing its outflow. These can in turn be achieved by two
basic means: medical or surgical.
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The acute narrow angle glaucomas, which stem from an anatomical
abnormality, are definitively treated by a surgical procedure designed
to overcome the anatomical blockage. Thus by creating a permanent
internal channel through the iris between the posterior and anterior ,
chambers (iridectomy), the damming of aqueous in the posterior chamber
of the eye is prevented. Iridectomy can be performed either as a
formal surgical operation or as done more recently, by laser.

Until the development of the trabeculectomy, the initial management of
patients with chronic glaucoma was generally medical. Medical
treatments are of two basic types: drugs that diminish the inflow of
aqueous humour into the eye, eg. carbonic anhydrase inhibitors; and
drugs that enhance its outflow, eg. pilocarpine. A failure of maximum
medical treatment with documented progression of damage to the visual
system was necessary before proceeding to surgical treatment. In the
United States of America this is still regarded as the only acceptable
practice. Likewise, in many centres in the United Kingdom this
-conventional teaching is still practised. -

Prior to trabeculectomy, a number of different operations had been
developed to facilitate the outflow of aqueous humour. In general,
surgery was directed at creating an alternative drainage pathway for
aqueous humour out of the eye. This took the form of either a
cyclodialysis where internal drainage or uveo-scleral drainage of
aqueous humour was improved, or more commonly, a procedure was
undertaken to facilitate the external drainage of aqueous humour by
creating an artificial pathway from the anterior chamber. A channel
through the sclera adjacent to the limbus of the eye, opened into the
potential space deep to the conjunctiva (subconjunctival space) where
the aqueous humour formed a blister-like elevation of the conjunctiva,
known as a bleb. Although many of these procedures were successful in
reducing the IOP, they were not directed at the site of the blockage
of the drainage of aqueous humour, and they also suffered from a
number of serious sight threatening complications.

Various surgical procedures were also developed to destroy portions of

the ciliary body, thus diminishing the production of aqueous humour.

Cyclo—destructive procedures are crude and lack precision so making it

extremely difficult to titrate the amount of cyclo-destruction with

the IOP drop required. These procedures have been refined somewhat and
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now employ freezing (cyclocryotherapy) or laser (trans-scleral
Neodymium-YAG cyclophotocoagulation). However, they are still reserved
as a physical method of treatment in recalcitrant cases when all else
has failed.

1.1.5. Trabeculectomy
Early techniques of drainage surgery suffered from a number of
problems:
A full thickness drainage procedure provided poor control of the IOP
in the post-operative period. Thus extreme hypotony might occur with
loss of the anterior chamber, lens corneal contact, and the subsequent
development of cataract. In addition, rapid, uncontrolled
decompression could precipitate choroidal and supra-choroidal
haemorrhage. The conjunctival blebs following full thickness drainage
surgery were often thin and cystic and provided a life-long portal for
the ingress of intra-ocular infection. Such infections were generally
catastrophic (Ratz, Cantor and Spaeth, 1985).

The trabeculectomy was developed in response to the need for a safe,
predictable operation for the control of glaucoma. As with many
revolutionary developments or inventions a number of people were
simultaneously working on the same problem (Raryllos, 1967; Linnér,
1969; Phillips, 1969). Although Raryllos published his technique
first, it appeared in Greek and was therefore largely ignored. Cairns
published his work in the American Journal of Ophthalmology, received
widespread acclaim and is generally credited with inventing the
technique and the operation now bares his name. It is unfortunate that
the other pioneers of the trabeculectomy have been largely overlooked.

The rationale of the operation was to remove a portion of the
obstructed trabecular meshwork, which is thought to be the site of the
problem in open angle glaucoma. This was performed under a partial
thickness scleral flap, so that upon replacing the flap there would be
no direct connection between the anterior chamber and the
subconjunctival space. Rather, the excision of a portion of the
meshwork would leave the two cut ends of Schlemm's canal opening into
the anterior chamber allowing the direct ingress of aqueous humour. By
providing internal drainage for aqueous humour in a "physiological”
manner, it was hoped that the trabeculectomy would suffer from none of
the disadvantages of full-thickness drainage procedures.
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Although techniques of opening the canal of Schlemm into the anterior
chamber had been devised by other authors eg. nqun filament
trabeculotomy (Smith, 1960 and 1970), these operations had been
technically difficult to perform and failed frequently, probably due
to healing of the artificial opening into the anterior chamber. More
recently, this concept has been revived with trabeculo-electropuncture
(Hoffmann, Harnisch and Bill, 1977) and the experimental use of
Neodymium-YAG lasers to form trabeculotomies (Lee, Dutton and Cameron,
1988), but remains to be clinically validated.

In the initial description of the trabeculectomy (Cairns, 1968), the
operation was performed as follows (fig.l.l):

General anaesthesia was employed whenever possible and an operating
microscope was used at all stages. The operation was performed at the
12 o'clock position, having previously inserted a superior rectus
suture. A 6 mm limbus based conjunctival flap was dissected forwards,
cleanly exposmg the underlying sclera, limbus and cornea. A
corneoscleral flap was marked out with shallow incisions demarcating
three sides of a 5 mm square, with the free limbs extending backwards
radially from the limbus. The other limb of the incision could be
placed at the anterior border of the corneoscleral limbus, in which
case the flap was turned backwards, or behind in the sclera, in which
case the flap was turned forwards (fig.l.la. and b.). Cairns expressed
a preference for a fornix based flap in order to minimise bleeding
from the scleral vessels. A paracentesis track was then made without
loss of aqueous.

The incisions demarcating the corneoscleral flap were then deepened
until over half the thickness of cornea and sclera had been cut.
Preplaced sutures were inserted to close that part of the incision
lying concentric with the corneoscleral limbus. If the flap was
dissected forwards these sutures were omitted. The corneoscleral flap
was then dissected up from the deeper layers (fig.l.lc. and d.).

At this stage the IOP was lowered by depressing the posterior lip of

the paracentesis track. By this manoceuvre it was hoped to cause the

Canal of Schlemm to fill with blood, and thus be more easily seen. A

4 mm incision was then made along the line of the scleral spur into

the anterior chamber, with the attendant escape of aqueous humour. The

anterior lip of the incision was grasped with a pair of Barraquer
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toothed iris forceps, and using Vannas scissors the portion of the
anterior lip grasped by the forceps was excised. It was intended that
this excised portion would contain a length of the Canal of Schlemm
(fig.1l.le.).

In the first ten cases reported by Cairns no iridectomy was performed.
However, Cairns felt that it was probably safer to do an iridectomy to
prevent prolapse into the area of excision, or even through the
corneoscleral flap. The corneoscleral flap was sutured firmly back
into place, the intention being to secure a watertight union
(fig.1l.1f.). The conjunctival flap was then returned to its bed and
sutured (fig.l.lg. and h.). The paracentesis track was used to reform
the anterior chamber if it appeared shallow. Polyfax ointment and 1%
atropine drops were instilled and a pad and bandage applied. The eye
was dressed after 24 hours, and received 0.5% atropine drops once
daily for two weeks.

Since the original description by Cairns numerous modifications of the -
procedure of trabeculectomy have been described. These will be
considered in section 1.6.

1.1.6. Mode of action of the trabeculectomy
The most comprehensive histological evaluation of microsurgical
glaucoma techniques was performed by Spencer, (1972). He proposed that
a successful trabeculectomy (or trabeculo-canalectomy) may permit
increased aqueous outflow via several pathways (fig.l.2.):
1. The aqueous may gain direct access to the patent cut ends of
Schlemm's canal.
2. Aqueous may leave via the the ostia of the intrascleral outflow
channels or may permeate the thinned outer scleral lamellae.
3. It may filter externally along the course of the scleral scar,
producing a bleb which may or may not be visible clinically.
4. The aqueous may filter intermally via a surgically produced cleft
between the sclera and ciliary body leading to enhanced uveo-
scleral outflow.

Cairns devised the operation in order to allow direct access of

aqueous humour into the cut ends of Schlemm's canal and consequently

intended that the excised deep portion of the corneo-scleral limbus

should contain a length of the canal. Of the original seventeen cases
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Fig.l.l. Diagrams demonstrating the Cairns Trabeculectomy.
a. and b.) A limbus based conjunctival flap is elevated. A half
thickness 5 x 5 mm fornix based corneo-scleral flap is demarcated.
Preplaced sutures are inserted along the limbal edge of the scleral
flap but have been omitted for the sake of clarity. c. and 4.) The
half thickness scleral flap is reflected and a 4 mm incision made
along the line of the scleral spur into the anterior chamber.
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Fig.l.l.(Continued) Diagrams demonstrating the Cairns Trabeculectomy
e.) The block containing the remaining corneo-scleral lamellae,
Schlemm's canal and the trabeculum is excised. f. and g.) The corneo-
scleral flap is replaced and sutured with virgin silk sutures with the
intention to obtain a watertight seal. h.) The conjunctival flap is
finally returned to its bed and sutured into place.
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that he reported (Cairns, 1968), he considered that in eleven,
normalisation of the IOP pressure was not due to subconjunctival
drainage. In the remaining six cases a bleb appeared and he considered
these to be a failure, in spite of normalisation of the IOP, because
the effect intended was not produced. Histology performed on the
excised specimens showed no trabecular tissue present in two cases.
However in only one of these did a bleb develop. In four other cases
the presence of trabecular tissue was doubtful, yet in only one of
these did a bleb form.

Barany, Linnér, Liitjen-Drecoll, et al., (1972) examined the structural
and functional effects of trabeculectomy in 17 normal cynomolgus
monkeys. A small trabeculectomy was performed in one or both eyes of
the seventeen animals and follow-up ranged from 329 to 447 days.
Outflow facility was determined by repeated anterior chamber
perfusions before and after the operation. Of the 17 successfully

"~ operated animals, 4 died spontaneously so that the eyes were not -
suitable for histological studies. For the light microscopical study
18 eyes from 11 monkeys were analysed. A frank fistula between the
canal of Schlemm and the anterior chamber was present in only 3 eyes
of two animals. In 2 other eyes indirect communications appeared to be
present between the anterior chamber and the cut ends of the canal. Of
these 5 "successful” cases a lasting facility increase was seen. In
the majority of cases, however, the cut ends of Schlemm's canal were
closed by scar tissue and were completely lined by endothelium. In
addition, no lasting effect on outflow facility was seen. The authors
conclusion was that the patency of the cut ends of Schlemm's canal was
important for the success of the surgery. They therefore suggested a
modification of surgery consisting of placing a number of small holes
in the meshwork, with each being sufficiently small so that no
collapse of the canal occurred.

The mode of action of the trabeculectomy was also evaluated by Rich
and McPherson, (1973) who found a different result to Barany et al.,
(1972). Rich and McPherson studied 10 adult Owl Monkeys (Aotus
trivirgatus) on whom they performed a Cairns trabeculectomy (Cairns,
1968). In addition, after suturing the scleral flap with 7-0 chromic
collagen sutures, the wound margins were sealed with a biological
tissue adhesive, Bucrylate, to prevent the development of a filtering
bleb. Histological preparations of excised specimens demonstrated the
-26 —



Fig.l.2. Diagram showing the possible routes for the outflow of
aqueous humour after a trabeculectomy (Spencer, 1972).
1. Into the cut ends of Schlemm's canal if these remain patent;
2. Into intrascleral outflow channels if their ostia remain open, or
through thinned scleral lamellae;
3. Along the course of the lamellar-scleral flap and into the
subconjunctival tissues (dotted line);
4. Into the potential space between the ciliary body and sclera (white
arrows) as in a cyclodialysis, provided that the resection has been
performed behind the scleral spur (Watson trabeculectomy - see section
1.6.1.).
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canal of Schlemm and trabecular meshwork in 9 of 10 specimens. In one
monkey only corneal tissue was présent. Monkeys were sacrificed at
selected intervals up to one year. Consistently high outflow facility
was maintained in only one monkey for the entire postoperative year.
In the only animal in whom Schlemm's canal was absent in the excised
tissue block, improved outflow was demonstrated until the 24th week
postoperatively. Seven monkeys were sacrificed for histological study.
In all animals the cut ends of the canal of Schlemm were closed and
there was scar formation and fibroblastic activity in and around the
margins of the resection. In two monkeys sacrificed when facility of
outflow values were elevated, histologically, a cyclodialysis cleft
was present. In the only animal who demonstrated consistently high
outflows upto the end of one year, no cyclodialysis was found, there
was no filtering bleb, and the canal margins at the operative site
were firmly scarred. The mechanism of improved outflow in this animal
was not determined. The authors concluded that it is very doubtful
that improved outflow facility results from direct aqueous flow into

. the open resected ends of Schlemm's canal. They felt that a real -
possibility exists that filtration occurs directly into open collector
channels and aqueous veins that have been transected in the operation,
or perhaps that filtration occurs directly through the overlying
scleral lamellae. However, they were unable to demonstrate this in
their study.

The above two studies on monkey eyes can be criticised on the basis
that normotensive and not glaucomatous animals were employed. This was
done as unacceptable ocular damage is necessary to induce glaucoma in
monkeys. When a trabeculectomy is performed in a normal eye, the
aqueous which leaves the eye passes initially through both the
trabeculectomy and the normal meshwork. By contrast, in a glaucomatous
eye with a damaged trabecular meshwork, most of the aqueous will leave
via the trabeculectomy. Therefore, a trabeculectomy may fail more
readily in a previously normal eye, because of reduced aqueous flow
through it, and the time course of the failure may be blurred as the
flow of aqueous decreases through the trabeculectomy and increases
through the normal meshwork. However, the situation is complicated by
the finding that a chronically underperfused trabecular meshwork after
surgery shows a build-up of deposits beneath the inner wall
endothelium of Schlemm's canal, which may compromise the function of
the meshwork (Liitjen-Drecoll and Barany, 1974).
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Human studies have also failed to consistently demonstrate filtration
through the canal of Schlemm. Spencer, (1972) felt that the
histological evidence gathered cast doubt upon the patency of the
canal of Schlemm. He described the case of one trabeculectomy specimen
that had been excised completely anterior to the trabecular meshwork
and was covered on its inner surface by Descemet's membrane. The IOP
of this patient had been 16 to 18 mmHg for two years postoperatively
without visible evidence of external filtration. Spencer cited another
patient with primary open angle glaucoma who underwent a successful
trabeculectomy with control of the IOP without medication, and without
evidence of a filtration bleb. Four months after the operation the
patient died and the treated eye was enucleated and serial sections
were prepared through the operation site. Both ends of the canal of
Schlemm and the adjacent trabecular meshwork were covered by a
connective tissue scar. No patent opening into the canal or to any of
the intrascleral collector channels could be seen. The intrascleral
surgical scar showed traces of pigment along its course and did not

. appear firmly healed, suggesting that external filtration along this .
route might have occurred despite the absence of a clinically visible
bleb.

Galin, Boniuk and Robbins, (1975) concluded that the localisation of
angle landmarks, such as Schlemm's canal, did not improve the clinical
success of trabeculectomy. In addition, it did not appear to matter
that trabecular tissue or Schlemm's canal be excised for the operation
to be successful. On the contrary, in cases where a deliberate attempt
was made not to excise these tissues, which was demonstrated
histologically, clinical success was equally common. They therefore
proposed that a trabeculectomy functions primarily as a fistulising
operation carried out under a scleral flap, substituting a scleral-
conjunctival barrier to aqueous flow rather than the conjunctival
barrier alone provided by other glaucoma operations.

Taylor, (1976) reached a similiar conclusion after examining excised
trabeculectomy specimens with conventional light and also scanning
electron microscopy. He stated that the inclusion of particular
anatomic structures in the trabecular block, confirmed histologically,
did not correlate with postoperative success judged on the IOP or the
formation of a filtering bleb. Thus, he deduced that trabeculectomy
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works by filtration rather than by a more specific effect such as the
opening of Schlemm's canal to the inflow of agqueous humour.

The question of the permeability of the outer layers of the limbus and
anterior sclera to aqueous humour was investigated by Shields,
Bradbury, Shelburne, et al., (1977). They performed an in vitro study
on sixteen autopsy human eyes. A trabeculectomy was performed with a
partial thickness 7 by 7 mm limbus based scleral flap and a 1 by 4 mm
opening into the anterior chamber. The flap was repositioned with 5
sutures and the edges sealed with cyanoacrylate adhesive to prevent
flow around its margins. The eye was perfused and the outflow facility
from the eye determined. By varying the thickness of the scleral flap,
it was determined that the increase in outflow caused by the
trabeculectomy was inversely related to the thickness of the scleral
flap. However, the number of eyes used in the study was too small to
be statistically significant. Perfusion of the eyes with ferritin and
India ink suggested that flow occurred through the outer layers of the
" limbus and anterior sclera in a trabeculectomy flap, and can =~
significantly improve the outflow facility. This flow may be through
vessels in the flap or through the collagen ground substance between
individual fibrils. The clinical significance of these findings is
uncertain because these were in vitro studies, which may not
accurately depict the in vivo situation, particularly because healing
processes are absent. The use of glue to seal the perimeter of the
scleral flap may also have important effects on the surrounding
sclera. The authors however, emphasised that this study did not prove
that aqueous flow through the scleral flap is the main route of
external filtration after trabeculectomy, but that it merely provided
some support for the theory.

Some further evidence for the permeability of the outer layers of the
sclera was shown clinically by David and Sachs, (1981) who performed
"quantitative trabeculectomies”. In accordance with the preoperative
IOP, the thickness of the superficial flap was varied from 1/2 to
1/5th of the scleral thickness. The authors reported an excellent
surgical result from their study of 35 eyes, however they provided no
statistical correlation between the initial pressure, the
postoperative pressure, and the flap thickness.
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It is unlikely that the internal filtration of aqueous via a
surgically produced cleft between the sclera and ciliary body
(cyclodialysis) accounts for the increased filtration of agueous
humour after a trabeculectomy, since a pure cyclodialysis has a
negligible effect on pressure (Cairns, 1986).

After considering the evidence from trabeculectomies performed over 18
years, Cairns, (1986) felt that trans-scleral passage of aqueous was
likely to be the route operating in most cases. He felt that this
accounts for the thick walled trabeculectomy bleb, centered exactly
over the whole superficial flap.

Filtration of aqueous externally along the course of the external scar
is also likely to be an important mechanism for the outflow of aqueous
humour. This outflow tends to produce a bleb which may or may not be
visible clinically. Although Calrns, (1968) con51dered that 6 of the
17 cases that he orlglnally reported were fallures because of the
appearance of a bleb, it has come to be realised that there is a -
fairly close correlation between the presence of a bleb and success of
the drainage procedure. This has prompted a number of investigators to
regard a trabeculectomy merely as another filtering procedure, but
with the added safeguard of a scleral flap intervening between the
drainage channel and the outer surface of the eye (Watkins and
Brubaker, 1978; Blondeau and Phelps, 1981).

In conclusion, the bulk of the evidence from both clinical and
laboratory studies tends to favour as the mode of action of a
trabeculectomy, both trans-scleral filtration of aqueous humour and
filtration around the sides of the scleral flap. These two routes of
aqueous outflow may co-exist in a particular patient or one may
predominate, but clinically, it is not possible to determine this.
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1.2. SUCCESS OF TRABECULECTOMY

A trabeculectomy can be successful based on a number of parameters.
The most convincing index of success is preservation of the visual
status of the patient undergoing surgery. This is naturally the
primary aim of the surgical procedure. However, there are great
difficulties in accurately measuring a patient's visual performance on
a particular day let alone comparing the performance over a period of
time. This is exemplified in the measurement of visual fields, where
even with computerised automated perimetry, the best method of
determining a significant change between two fields is yet to be
defined. In addition to being relatively crude, the follow-up of
patients on visual criteria is extremely time consuming and generally
protracted studies are necessary before any meaningful result is
obtained.

‘Hence most studies involving glaucoma surgery tend to have pressure
control as the criterion for success. As mentioned in section 1.1.3.
| pfessure control of glaucoma is not synonymous with disease control.
Therefore patients with successful surgery on pressure criteria may
actually be worse visually. For example, a patient who develops a
cataract as a direct side effect of surgery, but attains adequate
pressure control, would still be classified as a success in many
studies of trabeculectomy. Measurements of intraocular pressure are
easy to obtain and easy to evaluate statistically. However, the
definition of adequate pressure control has not been universally
agreed upon. This makes comparison between studies extremely difficult
where different criteria have been used. In addition, many authors use
different terms for success. Thus success for one author implies
pressure control without the use of anti-glaucoma medications; other
studies describe success as pressure control if necessary with the use
of medications. Comparison is further complicated by various studies
where visual parameters are also assessed in the determination of
surgical success. Furthermore, varying follow-up times have been used
in most of the published studies, thus making comparisons unrealistic.
In general, short term studies tend to over estimate success.

Since the first description of the trabeculectomy 21 years ago,
numerous studies have been published, and the success of the procedure
in many different types of glaucoma has been described. The main
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catergories of glaucoma that have been treated by trabeculectomy will
be considered separately.

1.2.1. Primary open angle glaucoma
Cairns' original study (1968) described 17 patients with primary open
angle glaucoma, all of whom achieved pressures less than 21 mmHg
without medication. Follow-up ranged from 20 to 56 weeks. This 100%
success rate of surgery, in terms of pressure control, with relatively
minimal complications led to the extreme popularity of the procedure
and his paper has served as the yard-stick for all subsequent
investigations. However, the study is open to criticism due to the
extremely short duration of follow-up and the small number of patients
involved. Cairns presented an extension of this study including 80
eyes with a follow-up varying from under 1 year to about four years
(Cairns, 1972). The paper does not stipulate how many patients were
involved. IOP was considered controlled if it remained below 20 mmig
by applanatlon tonometry No hypotensive medications were utilized.
Pressure control after 1 operation was achieved in 97.5% of eyes,
while reoperation was necessary to achieve control in 2.5% of eyes.

Watson, (1970) using a modification of the Cairns trabeculectomy,
published a study on 44 glaucomatous eyes, 35 of which had primary
open angle glaucoma. The maximum follow-up period was 30 months
(average 15). Post-operatively 4 patients with primary open angle
glaucoma required medication to keep the IOP below 20 mmiHg and 1
required reoperation. The overall success rate for pressure control
without medication was 86.4%.

The observations of Cairns and Watson were extended in a large review
of 424 trabeculectomies (Watson and Grierson, 198l) of which 320 were
performed on eyes with primary open angle glaucoma. The exact follow-
up period is difficult to determine from the paper, but the minimum
was 2 years, with the study including all trabeculectomies performed
over a ten year period (1967-1977) at Addenbrooke's Hospital,
Cambridge. Of the patients with primary open angle glaucoma, 86% were
controlled without further medication, and 94% with surgery and
further medication. Success was defined as an IOP of less than 21 mmHg
on three successive readings with no further field loss. Thus, 6% of
the trabeculectomies were failures.
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Numerous other studies of trabeculectomy in primary open angle
glaucoma have been published, confirming the excellent results of this
surgical technique, although no study has attained the 100% success
rate without medication first reported by Cairns, (1968). The major
studies are summarised in Table 1.1., while some of the papers which
report large numbers of patients or long term studies will now be
reviewed briefly.

Wilson, (1977) presented data on 309 eyes undergoing trabeculectomy,
studied over a seven year period, of which 126 suffered from primary
open angle glaucoma. Successful control of the IOP under 21 mmHg was
achieved in 87% of this group of eyes with a follow-up period ranging
from 1 to 7 years. A breakdown of the subgroups of the different types
of glaucoma is not provided, however, after 1 year 28.7% of all eyes
required miotics to maintain a satisfactory IOP, but the exact level
is not stated in the paper.

Jerndal and Lundstrdm, (1977) reported on 330 trabeculectomies
followed for 0.5 to 3 years. Of these, 28l eyes were available for
follow-up for 3 to 5.5 years (Jerndal and Lundstrdm, 1980). A high
proportion of these eyes (157) suffered from late congenital glaucoma,
which is a diagnosis frequently made in Sweden. In England the
majority of these patients would probably have been classified as
suffering from primary open angle glaucoma (Hitchings RA - personal
communication). The paper does not report the results separately for
the various types of glaucoma comprising the 28l eyes studied. However
the overall success rate for eyes with an IOP less than or equal to
2]l mmHg was 57% with a single trabeculectomy. A further 35% required
post-operative medical treatment to control the IOP. Reoperation was
performed in 8% of cases.

Rollins and Drance, (198l1) presented a study involving a five year
follow-up of 48 eyes that underwent a trabeculectomy as a first
fistulising procedure. A sub-group of 31 eyes from 22 patients were
available with adequate visual field examinations done on the Goldmann
or Oculus perimeter. At the end of the first year, 52% had achieved an
IOP less than 21 mmHg without medication, while a further 29% required
medication. The remaining 19% failed to achieve an IOP less than or
equal to 20 mmHg. At the end of the fifth year, 52% had achieved a
pressure less than 21 mmHg without medication, while a further 27%
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required additional medication. The remaining 21% had a pressure above
20 mmHg. Thus the overall pressure reduction to 20 mmHg or less was
81% at the end of one year and 79% at the end of five years. It is
interesting to note that 29% of the patients with adequate perimetry
showed progression of their visual field defect by the end of 5 years,
while 71% showed no further progression. No difference could be
observed in postoperative IOP between patients whose fields continued
to progress and those whose fields did not. Studies such as this
question the entire rationale for the current treatment of glaucoma.

Mills, (1981) published data on 444 cases of trabeculectomy, performed
over a five year period, and followed-up for upto 7 years. This study
excels in the clarity of its data. Two hundred and twenty of these
operations were performed on patients with primary open angle
glaucoma. 73.4% of eyes attained an IOP of less than 21 mmHg without

. medication, while a further 13.5% achieved this pressure with
additional medication. Thus 13.1% had uncontrolled pressure despite
cefleations. o

Lamping, Bellows, Hutchinson, et al., (1986) presented a long-term
study on 252 eyes that had initial glaucoma filtration surgery,
including 71 trabeculectomies. Follow-up ranged from 2 to 14 years
with a mean of 5 years. Rigid criteria of success were applied
including an IOP less than or equal to 19 mmHg with or without
medication, no further field loss or disc damage, and no glaucomatous
aetiology for a decrease in visual acuity. The study also compared the
results of trabeculectomy with that of full thickness drainage
procedures. Thus of 199 eyes with chronic open angle glaucoma
undergoing surgery, 61 underwent a trabeculectomy. Of these 26.2% were
considered failures.

In all the studies described above trabeculectomy was performed only
after a failure of medical treatment to control the IOP. In many
studies it is not stated what the maximum medical treatment was, or
how long this was persisted with. Thus Watson and Grierson, (1981)
performed surgery after a failure of pilocarpine 2% and/or timolol to
control the IOP, while other authors allowed three topical medications
plus systemic carbonic anhydrase inhibitors before resorting to
surgery. It is only in the primary treatment studies of Migdal and
Hitchings, (1986) and Jay and Murray, (1988), described in table 1l.1.,
-35-~
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that surgery was used as the initial treatment for glaucoma. These
primary treatment studies have been prospective, while most other
studies have been retrospective, which may compromise the accuracy of
data collection. Thus in comparing the results of different studies it
is impossible to know whether one is comparing patients with a
similiar severity or duration of glaucoma. Nevertheless, it is
apparent from the large number of studies of trabeculectomy performed
on patients with primary open angle glaucoma that something like 85%
of average Caucasian glaucoma patients will achieve pressure control
under 21 mmHg after a trabeculectomy. However, a variable prdportion,
which may be upto half of these may require additional hypotensive
medication for pressure control if followed for a sufficiently long
period. Many studies tend to underplay the rate of failure of
ti'abeculectomy, but it is quite clear that a significant minority of
patients fail to attain benefit from surgery. While some of these
patients may attain pressure control after further attempts at
trabeculectomy, undoubtedly a proportion will remain with uncontrolled
IOP despite maximal medication and some will have been made worse by
surgery.

1.2.2. Chronic Narrow Angle Glaucoma
The success rate of trabeculectomy performed for chronic narrow angle
glaucoma is very similiar to that in primary open angle glaucona,
although there are fewer large published series.

Ridgeway, (1974) studied 203 trabeculectomy operations of which 59
were performed for chronic angle closure glaucoma. Pressure was
maintained at or below 21 mmHg by surgery alone in 84.7% of cases and
in a total of 91.5% with the addition of pilocarpine drops. Thus
surgery failed in 8.5% of cases. ‘

Wilson, (1977) reported an 80% success rate (IOP less than 21 mmHg) in
112 eyes with chronic angle closure glaucoma undergoing trabecu-
lectomy, with follow-up upto 7 years.

Watson and Grierson, (1981) reported on 37 trabeculectomies performed
on 29 patients with chronic closed angle glaucoma. Five eyes (13.5%)

required further trabedﬂectomy or other procedures to control the
IOP. i
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In Mills' study of 444 trabeculectomies (198l), 66 eyes had chronic
narrow angle glaucoma (so called "compound"™ glaucoma). 68.2% of eyes
were controlled by trabeculectomy with an IOP below 21 mmHg, while a
total of 86.4% achieved control with additional medications. Thus
13.6% of operations were failures.

In summary, trabeculectomy achieves a similiar success rate in chronic
narrow angle glaucoma as in primary open angle glaucoma. Similiar
caveats apply when comparing various studies due to variations in the
study populations, criteria for success, and variable periods of
follow-up.

1.2.3. Blacks
The success rate for Black patients undergoing trabeculectomy is far
from clear. This is partially attributable to using the generic term
- "Black" to describe all patients with dark pigmentation without much
regard to their original place of origin. This makes it very difficult
to compare the success rate of trabeculectomy performed for example in
American Blacks with that of East African Blacks. The socio-economic
situation in some countries may make long term studies impractical,
and poor availability of anti-glaucoma medications in some places may
further complicate the issue. It is also generally acknowledged that
the clinical course of glaucoma tends to be more severe in Black
patients and that Blacks are more predisposed to acquire the condition
and develop it at an earlier age than White people (Cowan, Worthen,
Mason, et al., 1988). Since glaucoma surgery performed in young people
is generally less successful than in older patients (see section
1.2.5.), studies involving Blacks are likely to reflect this. In
addition, Blacks have been attributed with a tendency to develop scar
tissue more easily than light skinned people (Welsh, 1970). Thus, the
failure of aqueous humour drainage in filtration operations in Blacks
is thought to be mainly due to the overgrowth of the external scleral
fistula by fibrous tissue derived from the sclera and Tenon's capsule
(Welsh, 1970).

As a basis for comparison of trabeculectomy with older filtering

operations, the studies of Berson, Zauberman, Landau, et al., (1969)

are worthy of note. These results are summarised in Table 1.2.

together with the other major studies of glaucoma surgery performed in

Black patients. Berson, et al. studied 180 filtering operations in 119
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Tanzanian Blacks. It is not stated whether the patients received anti-
glaucoma therapy prior to surgery. The surgical techniques were
corneoscleral trephination, filtering iridectomy (Scheie's procedure)
and iridenclesis. Successful surgery was defined as an IOP less than
or equal to 18 mmHg as measured by Schiotz tonometry. The overall
success rate for the three types of operations was 30%. Iridenclesis
fared worst with a 4% success rate, with corneoscleral trephination
faring best at 39%. The success rate for patients over the age of 46
was better than that for patients under this age; 43% vs. 24%. Closure
of the filtering bleb occurred mainly in the first six postoperative
months and was thought to be due to an increased scarring tendency in
Blacks.

By contrast, trabeculectomy performed in a similiar East African
population in Kenya, reported far better results. Adala and Klauss,
(1984) studied 203 cases of trabeculectomy performed for primary open
- angle glaucoma in 185 patients, of which 128 eyes (118 patients) were.
available for follow-up ranging from 6 to 40 months. Surgery was
performed as the primary intervention for these patients. Surgical
success was defined as an IOP less than or equal to 21 mmHg. In cases
in which a filtration bleb was present, the IOP was controlled by
surgery alone in 95.9% of cases. Medication controlled the remaining
4.1%. However in cases in which a filtration bleb was absent, surgery
alone was successful in only 25.8% of cases, while additional
medication controlled a further 61.3% of cases. Overall, the total
number of cases controlled by surgery alone was 78.9%, while
medication controlled a further 17.9%. Thus, surgery failed in only
3.1% of cases available for follow-up. However, it must be borne in
mind that only 128 of 203 eyes were available for follow-up, and the
success of surgery may have been dramatically altered if the absent
data were to hand. In circumstances where surgery is performed as a
primary treatment it may also be inappropriate to regard cases
requiring supplementary medication as successful, since topical anti-
glaucoma medication is unobtainable in many parts of Africa.

Welsh, (1972) studied trabeculectomy in South African Blacks,

performing either a conventional Cairns trabeculectomy or a filtration

trabeculectomy with excision of the distal portion of the superficial

scleral flap, and replacement of this flap without suturing. One

hundred and twenty eight operations on 96 patients were prospectively
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followed up. However, only 77 trabeculectomies (59 patients) were
available for follow-up for a minimum period of 3 months. Success was
defined as an IOP of less than 20 mmHg (Schiotz); partial success as a
pressure between 20 and 30 mmHg while on miotics and acetazolamide,
while failure was regarded as a pressure above 30 mmHg. Trabeculectomy
alone had a success rate of 14% without bleb formation. Those
trabeculectomies in which an unintentional fistula with bleb formation
developed gave rise to an additional 14% success. Even with the
relatively high criteria of partial success, 50% of trabeculectomies
were considered a total failure. In the case of filtration
trabeculectomies (essentially a full thickness drainage procedure),
the success rate was much improved with a rate of 65%, and only 21%
considered a total failure. This study can be criticised as it is
unclear whether surgery was performed as a primary procedure in these
patients, or after a failure of medical treatment. The length of

- follow-up is not clearly stipulated, and the low proportion of
patients followed (61%) may cause bias in the results.

In a similiar South African population undergoing trabeculectomy,
entirely different results were found by David, Freedman and Luntz,
(1977). They studied 61 trabeculectomies on 49 eyes of 34 patients
undergoing surgery after a failure of medical treatment to control the
disease. The follow-up period ranged from 6 to 30 months, with 70.5%
of patients being followed for more than one year. The operation was
considered successful if IOP was 20 mmHg or less with or without
additional medication for the total follow-up period. As a first
procedure, trabeculectomy performed either by the Cairns technique or
the Watson modification (see section 1.6.1.) was successful in 73.3%
of cases. Thirteen of the initial trabeculectomy procedures were
failures. Of these 12 had a second trabeculectomy of which 8 were
successful. The authors therefore claim an overall success rate for
surgery of 91.6%. However 25 of the original 34 patients (73.5%)
required addition medical treatment, which has not been clearly
stipulated in the paper, to control the IOP. This study could
therefore be regarded as somewhat over optimistic in its stated
success rate and the authors' conclusion that trabeculectomy is a
"good procedure in open angle glaucoma in Black South Africans" should
be disputed, particularly since more than one operation is often
needed and 73.5% of patients require additional hypotensive medication
to control the IOP.

-41 -



Trabeculectomy was examined in a West African population by Chatterjee
and Ansari, (1972) who studied 24 Ghanaian cases, operated on after a
failure of medical treatment to control the IOP, and followed for 2 to
12 months. Three patients were lost to follow-up. All but one of the
remainder ultimately attained IOP's less than 21 mmHg. The remaining
patient had a pressure of 20 mmHg on 6% Pilocarpine drops. The
presence of a drainage bleb was not associated with surgical success
in this paper, unlike the study of Adala and Klauss, (1984), where a
drainage bleb strongly correlated with surgical success.

In an enormous study of primary glaucoma surgery performed in Nigerian
eyes, Reitzman, (1976) reported results comparable with many studies
of Caucasian patients. Over a five year period, 419 sclerectomies and
612 trabeculectomies were undertaken, of which 196 eyes and 221 eyes
respectively, were followed-up for at least 4 months. Control of the

- IOP below 21 mmHg was achieved in 74% of the trabeculectomies and 84%
of the sclerectomies. Fewer serious complications were encountered in -
the trabeculectomy group, suggesting that this was a superior
operation overall, in spite of a slightly lower success rate.
Keitzman, (1976) also felt that the excellent results described in his
series were partially attributable to excising Tenon's capsule, which
was performed routinely in all cases. This is in contrast to the other
studies described above, where Tenon's capsule was not excised and
where good results were still obtainable.

Sandford-Smith, (1978) studied 123 filtering operations in Nigerians,
and compared the effectiveness of traditional full thickness filtering
procedures with trabeculectomies. Thus 82 trabeculectomies and 41
sclerectomies were available for investigation. It is not stated in
the paper whether surgery was performed as a primary procedure.
Seventy eight of the 123 operations were available for follow-up for 3
months or more. The operation was considered successful if the final
applanation pressure was 20 mmHg or less, unsuccessful if the pressure
was 35 mmHg or more, and indeterminate if the pressure was 25 to
30 mmHg. 64.7% of all trabeculectomy cases were considered successful;
21.6% were indeterminate; 13.7% were failures. This compared with a
60% rate of success for full thickness sclerectomies, with a 26%
outright failure rate. As a complicating feature of this study,
Onchocerciasis was evident in 21% of cases and in those who failed
surgery it was present in 43%. In many other West African studies,
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this disease is likely to complicate the response of eyes undergoing
surgery, but little attention has been paid to it in the published
reports. In addition the average age of the patients in Sandford-
Smith's study was 38, while the average age of the patients on whom
the operation failed was 32. This is considerably younger than most
Caucasian patients undergoing trabeculectomy, making comparison of
these results with other studies very difficult.

Even better results were reported in a similiar Nigerian population by
Thommy and Bhar, (1979) who studied 139 trabeculectomies performed on
87 patients between 36 and 72 years. One hundred and eleven eyes were
followed for a minimum of 6 months and a maximum of 19 months. The
average duration of preoperative topical hypotensive medication was 1
month. A standard Watson type trabeculectomy (see section 1.6.1.) was
performed and Tenon's capsule was not excised. The cr:Lterlon of

' success was maintainance of the IOP below 20 ang. This was ach:l.eved
in the period of observation in 106 eyes (95.4%). The visual status of-
patients was also maintained in status quo or a line or part of a line
less than pre-op. In one eye with well maintained IOP no bleb was
seen; a bleb was present in all other successful cases. This extremely
high success rate was achieved without the use of post-operative
steroids and using conventional surgery, indicating that, at least in
this study, trabeculectomy functions at least as well in African
patients with glaucoma as in White races.

These results have not been confirmed in a Black West Indian
population (Shingleton, Distler and Baker, 1987) where full thickness
posterior lip sclerectomies were compared with trabeculectomies.
Eighty filtration procedures were performed on patients with primary
open angle glaucoma, uncontrolled on maximal medical treatment. Thirty
nine trabeculectomies and 41 full thickness procedures were evaluated.
The average postoperative IOP of patients who underwent full thickness
procedures was significantly less than patients who underwent
trabeculectomy (p < 0.0001; 10 mmHg vs. 17 mmHg). In total 69.2% of
the trabeculectomies attained a pressure less than 20 mmHg (although
20.5% required additional medication), while 95.1% of the full
thickness group attained a similiar pressure (only 2.4% required
additional medication to achieve this pressure), (p < 0.001). These
authors therefore considered that the full thickness sclerectomy
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should be considered as the surgical procedure of choice in Black
patients.

There are a number of studies available of trabeculectomy in American
Blacks. Freedman, Shen and Ahrens, (1976) performed trabeculectomies
on 64 eyes of 51 Black patients in New York after medical treatment
had failed to control the condition. In 60% of cases the superficial
scleral flap was sutured back into position; in the remainder it was
left unsutured. The average follow-up period was 19 months with
success taken as an IOP consistently below 20 mmHg over the whole
follow-up period. Surgery was successful in 82% of cases but 25%
required medication to keep the IOP below 20 mmHg. Success did not
depend on suturing the scleral flap. In 12.5% of cases the IOP was not
controlled by further surgery or medication. A conjunctival drainage

bleb was found in 85% of the controlled eyes. The recommendation of
this study for trabeculectomy as the operation of choice in
uncontrolled glaucoma in Black patients is in contrast to that of the -
former study, where a full thickness sclerectomy was advocated.

Similiar optimistic results were reported by Ferguson and Macdonald,
(1977) on 50 trabeculectomies performed on 46 Black patients in
Virginia, USA, after a failure of medical treatment to contain the
glaucoma. The minimal follow-up time was two years. Patients received
pre—operative systemic steroids - 40 mg Prednisolone by mouth on the
day prior to surgery and on the day of surgery. Subconjunctival
steroids were also administered at the end of surgery. Systemic
prednisolone 40 mg per day was continued for upto 2 weeks post-
operatively. Success was defined as an IOP equal to or less than

21 mmHg whether antiglaucoma medications were required or not. 84% of
eyes were considered controlled with only 8% requiring additional
medication.

The results of Miller and Barber, (1981l) were less encouraging in a
study of 122 trabeculectomies performed in 86 Black patients in Texas.
All patients were operated on after a failure of medical treatment.
The minimum follow-up period was 12 months with a range upto 8 years.
Success was defined as an IOP below 21 mmHg. Patients over the age of
60 had the highest rate of success and no patient under 20 years was
classified as a success. Almost all patients who had an IOP under
21 mmHg without medication had a filtering bleb and no patient with a
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filtering bleb failed to have pressure under control. Thirty nine
percent of eyes had the IOP successfully controlled without medication
and a further 18% were successful with additional medication. Thus 43%
were classified as failures. The primary cause of failure was scarring
of the bleb or blocked filtration.

In conclusion, while excellent results from trabeculectomy can be
attained in Black patients using unmodified surgery and without post-
operative topical corticosteroids, most of the studies tend to show
that the results are inferior to those seen in Whites. Thus, failure
can be expected in anything from 5 to 50% of trabeculectomies
performed on Blacks. This indicates that modifications of glaucoma
surgery or methods of reducing scar formation are urgently required in
some populations of Black patients in order to make surgery successful
more frequently. In addition, further work is required on the role of
- preoperative topical medications which may have some bearing on the
surgical outcome, and may in part explain the differences between the
success rates found in Africa, where in general surgery was performed
as a primary procedure, and the United States of America, where
surgery was performed after a failure of medication to control the
glaucoma.

1.2.4. The Japanese
As with glaucoma surgery performed in Blacks, the results of
trabeculectomy in the Japanese are generally inferior to most of those
reported in Caucasians.

The cumulative results of treating various types of glaucoma by
trabeculectomy at 10 institutions in Japan were reported by Inaba,
(1982). This study also elegantly addressed the problem of variable
periods of follow-up post-operatively, which had not previously been
achieved in most of the Western publications. Trabeculectomy was
performed in 427 eyes, with follow-up periods from 3 months to 5
years. One hundred and fifty one of these eyes undergoing surgery had
primary open angle glaucoma. All surgery was performed on Japanese
patients. The data was subjected both to simple statistical analysis
and to life table analysis so that the final failure probability was
calculated on the assumption that the eyes with short follow-up are
subject to failure at the same probability as the eyes followed to the
end of the follow-up periods. Failure was defined as the mean IOP of
- 45—
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the observation period exceeding 20 mmHg despite the use of
medications. Simple statistics showed an overall success rate of 75%
in controlling the IOP below 21 mmHg, but this was only achieved in
25% of 427 eyes without the use of hypotensive medication. For the
group with primary open angle glaucoma alone, the final failure
probability was 0.42+/-0.07 (SE) which is higher than the rate of
failure calculated from simple statistics, which was 22.5%. The
failure probability calculated projects the results to the end of the
5 year period of follow-up which probably provides a more realistic
 assessment of the long term success of the procedure.

Of the 427 trabeculectomies in the study of Inaba, (1982) 147 were
performed for primary angle closure glaucoma. However, it is not
possible to determine from the paper whether these patients had acute
or chronic angle closure. By conventional statistical analysis the
success rate of surgery was 81%. However, life table analysis showed a
cumulative failure probability of 0.48+/-0.14 (SE) projected to the
end of 5 years. These amalgamated results from 10 centres therefore
indicate that the success rate for surgery both with and without
additional medication is far lower in the Japanese than in Caucasian
populations. This study can however be criticised because composite
results may blur differences between individual centres.

Nevertheless, similiar results were demonstrated by Shirato, Kitazawa
and Mishima, (1982), who presented data from a single institution
where trabeculectomy was performed 145 times on 113 eyes of 100
patients. Simple statistics showed control of the IOP below 21 mmHg in
70% of eyes, but this was achieved without medications in only 36% of
eyes. When the 67 eyes of patients with primary open angle glaucoma
were considered, the final failure probability was 0.43+/-0.09 after
2.5 years of follow-up. When these operations were followed up for 5
years, similiar trends were demonstrated by Yamashita, Eguchi,
Yamamoto, et al., (1985).

The low rate of success of trabeculectomy in controlling the IOP in
the Japanese, particularly without the use of hypotensive medications,
has prompted the investigation of adjuvant treatments to reduce wound
healing at the operation site. This has involwved the use of
5-Fluorouracil (Kitazawa, Taniguchi, Nakano, et al., 1987), (See
section 1.7.4.). |
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1.2.5. Young people

Amongst a number of factors, the prognosis for the control of the IOP
following filtering surgery is generally believed to be related to the
age of the patient. Thus, the younger the patient, the less the chance
of success, and correspondingly, with age over about 40, the chance of
success is thought to improve. While this is a generally held to be
true, the are relatively few studies which have examined this subject
in detail.

Schwartz and Anderson, (1974) investigated the effect of age on the
success of trabeculectomy. Thirty nine adult phakic eyes undergoing
trabeculectomy were assessed. In patients under 60, success

(IOP < 21 mmHg) was achieved in 9 cases out of 15 (60%) while in those
over 60, 20 of 24 operations were successful (83.3%). These results

healing capacity, which results in scarring down of the scleral and
conjunctival flaps.

Beauchamp and Parks, (1979) evaluated trabeculectomy in advanced
paediatric glaucoma. Twenty-six trabeculectomies were performed on 25
eyes in 16 patients. Only 22 of the 25 eyes were followed-up
sufficiently to be included in the final statistical analysis. Eleven
of the eyes suffered from primary congenital glaucoma, while aniridia
(5 eyes) was the second most common clinical pathology. Successful
surgery was defined as an IOP less than or equal to 24 mmHg. The
patients ages ranged from 4 months to 19 years at the time of surgery.
The follow-up ranged from 2 to 39 months with a mean of 18 months.
Fifty percent of the trabeculectomies were successful and the mean
post-operative visual acuity was 14/200, with the best visual result
only 20/200. Complications occurred in 20% of operations. The authors
felt that the barriers to success in this group of patients could be
ascribed to the complexity of the associated pathology, anatomical and
physiological factors, the management of the patients, and the
previous surgery that many of them had undergone. The more rapid
healing processes in children than in adults were partially
responsible for increased scarring at the operation site, and thus
surgical failure (Beauchamp and Parkes, 1979).
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Stewart, et al., (1979) arbitrarily divided 74 patients undergoing
trabeculectomy into two groups: one less than 40 and the other greater
than 40 years. Only 9 trabeculectomies were perfdrmed on patients less
than 40 and of these eyes IOP was less than or equal to 20 mmHg in
66.6% at six months and in only 33.3% at 1 year after surgery. In the
remaining 65 trabeculectomies performed on patients over 40 years of
age the success rate was 76.9% at 6 months; success at one year is not
quoted in the paper. It appears that young patients did not do well in
Stewart's study, although the results have not been evaluated
statistically.

Shalash, el Hoshy and el Aziz Ali, (198l1) performed 20 trabecu-
lectomies on 14 patients suffering from congenital glaucoma, with an
age range between 3 months and 6 years. Successful surgery was defined
as an IOP below 21 mmHg. However, follow-up was only for 6 to 10
weeks. Success was obtained in 80% of cases using these criteria.
Histology of the excised specimens failed to demonstrate Schlemm's
canal in most cases, and no relation was found between the nature of
the excised tissues and the lowering effect of the operation on the
IOP. Although these results are excellent they must be regarded with
some scepticism due to the short duration of follow-up.

A far more accurate idea of the effect of age on the success of
trabeculectomy is provided by the study of 427 Japanese eyes by Inaba,
(1982). The follow-up in this study ranges from 3 months to 5 years,
but 344 of these eyes were followed for longer than one year. For
congenital glaucoma (67 eyes), orthodox statistical analysis showed a
58% success rate, ie. IOP less than 21 mmHg with or without
medication. Life table analysis for a projected 5 year period
indicated an overall final failure probability of 0.65+/-0.08 (SE).
However, when the cases were further subdivided according to
the number of operations it was apparent that the final failure
probability was 0.55+/-0.10 after the first trabeculectomy and
0.80+/-0.03 after multiple interventions. Among the total of 351 eyes
which underwent single trabeculectomy, there were 206 eyes younger and
145 eyes older than 60 years of age. The final failure probability was
0.35+/-0.10 in the older age group and 0.58+/-0.10 in the younger,
which was significantly different at the 95% confidence level. This
result may have been achieved due to a bias due to the inclusion of a
considerable number of cases of congenital glaucoma in the younger age
-50 -



group. Therefore similiar analyses were carried out for the two age
groups with primary open angle glaucoma. The final failure probability
was 0.34+/-0.11 in the older age group and 0.45+/-0.10 in the younger
age group. Similiar results were found when the final failure
probability was calculated for the patients with primary angle closure
glaucoma. However, these differences were not statistically
significant due to the small number of cases studied. Nevertheless the
same trend towards a high probability of failure is found in both the
primary open angle and the primary angle closure glaucomas in young
patients.

Inaba, (1982) felt that in view of the poor results of trabeculectomy
in Japanese patients with congenital glaucoma, it was not the
operation of choice and should be reserved for cases where goniotomy
is impossible to perform or had previously failed. The higher failure
rate of trabeculectomy in younger patients could be attributed to a
thicker Tenon's capsule and subconjunctival tissues providing a
'greater capacity for scar formation. Although definite proof was
lacking, Inaba proposed that this may explain, at least in part, some
of the age difference in surgical results.

Gressel, Heuer and Parrish, (1984) performed 117 trabeculectomies on
98 American patients under the age of 50 years. A complete surgical
success was defined as an IOP less than or equal to 21 mmHg without
medication; a qualified success as IOP 22 to 25 mmHg without
medication or an IOP less than or equal to 21 mmHg with medication; a
qualified failure as IOP greater than 25 mmHg without medication,
while a complete failure was defined as further glaucoma surgery (or
its recommendation) or loss of light perception. Only trabeculectomies
with follow-up of at least one year were included in the study, this
comprising 106 eyes (91%). The success rate (the sum of complete and
qualified successes) in primary glaucomas (29 of 39 cases, 74%) was
considerably higher than in secondary glaucomas (24 of 50 cases, 48%)
or in developmental glaucomas (6 of 17 cases, 35%). Trabeculectomies
for secondary glaucomas were significantly more successful in eyes
that had not undergone previous surgery. Forty five trabeculectomies
were performed on patients aged 10 to 29 years of which 17 (38%) were
successful. Sixty six trabeculectomies were performed on patients
between 30 and 49 years; of these 43 (65%) were successful. The
authors concluded that age as an isolated factor may have its greatest
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influence on surgical outcome in patients under the age of 30 years.
Only 1 of 11 trabeculectomies performed for neovascular glaucoma was
successful. Overall the success rate for the study was 51% which is

much lower than the commonly cited success rates for primary glaucomas
in older patients.

Gressel, et al., (1984) felt that youth could be a determinant of
surgical outcome because of anatomic factors such as a greater
thickness of Tenon's capsule which may impede filtration. Since in
most cases the failure of filtering operations is related to wound
healing and wounds seem to heal more quickly in youth than later on in
life (Walter and Israel, 1979), this could be another factor
predisposing to surgical failure. The type of glaucoma that occurs in
young people is also an important determinant of surgical outcome, and
many patients are more predisposed to complications because of the
nature of their disease. o

Further évidence of the effect of age on the outcome of glaucoma
surgery is provided by the study of Lamping, et al., (1986), in which
252 eyes were evaluated. Trabeculectomy was performed in 71 cases with
the remainder undergoing posterior lip sclerectomy or trephination.
Successful surgery was defined as an IOP less than or equal to 19 mmHg
with or without antiglaucoma medication, no evidence of progressive
disc damage or no further visual field loss, and no glaucomatous
aetiology for a decrease in visual acuity. With these stringent
criteria, the highest failure rate of 26% was seen in the age group 0
to 39 years; 15% failed in the 40 to 59 years group; while in those
over 60 years there was a 14% failure rate.

In conclusion, the general trend from the published studies suggests
that a.)trabeculectomies have a poor success rate in congenital
glaucomas, and b.)in acquired glaucomas, surgical success rates are
lower the younger the age of the patients.

1.2.6. Aphakic Glaucoma
There are many mechanisms of glaucoma in aphakia, and the term
"aphakic glaucoma" which implies a single aetiology is misleading.
Bellows and Johnstone, (1983) have separated aphakic glaucoma into
early and late forms which can be further subdivided as follows:
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A. Early (1-4 weeks after cataract surgery)
1. Acute transient elevation due to Healon, a tight wound or alpha-
chymotrypsin. |
2. Acute angle closure due to pupillary block or malignant
glaucoma.
3. Inflammatory
4. Debris - blood or lens material

B. Late (5 weeks or longer)
1. Sustained chronic open angle
. Chronic angle closure
. Inflammatory
. Neovascular
. Epithelial downgrowth
. Steroid induced

oY U b WN

Identification of. the cause of glaucoma will naturally identify the
appropriate treatment. While medical treatment may control the IOP in
some patients with aphakic glaucoma, treatment not infrequently fails
and many patients require surgical intervention. The surgical
management of these patients with uncontrolled intraocular pressure in
association with aphakia remains one of the most difficult problems
encountered in patients with glaucoma. The problem is compounded by
the large nmumber of cataract extractions performed in an increasingly
large elderly population, and in the increased frequency of
intraocular lens implantation in eyes with glaucoma.

The work of Herschler, Litinsky, Shaffer, et al., (1978) is of
particular interest in aphakic glaucoma. Thirty four patients with
aphakic glaucoma of unspecified aetiology, who had very severe
disease, uncontrolled on medical treatment, and having previously
undergone multiple glaucoma procedures that had failed, were included
in the study. Thirty one patients were followed for a minimum of six
months. The average age of the patients in the series was 47 and
ranged from 5 to 95. Approximately two thirds of the patients had
undergone intracapsular cataract extractions and one third
extracapsular extractions. Of the latter group, none had intact
posterior capsules at the time of surgery. All patients underwent
trabeculectomy. Only two of the patients were controlled following
surgery without medication, and two patients were controlled with mild
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miotics alone. All other patients who were considered controlled in
the study required maximal medical treatment. At 6 months 32% of the
patients had pressures under 21 mmHg, and 55% had pressures under
25 mmHg. Similiar percentages were seen at one year. These results
were obviously inferior to most other studies in phakic patients.
However, the authors felt that trabeculectomy achieved a much higher
success rate with fewer postoperative complications than cyclodialysis
(one of the treatments used prior to the introduction of
trabeculectomy) in the treatment of glaucoma in aphakic patients
(Herschler, et al., 1978). Thus, although the failure rate for
trabeculectomy in aphakic glaucoma was high, Herschler, et al., felt
that this was the safest available technique in their hands.

Herschler, (1981) based on his studies in tissue culture, hypothesized
an altered state of the aqueous humour in patients with aphakia. -

* C‘hahg‘es> in the équeous could occur due to greater mixing of the
aqueous and vitreous due ‘to the absence of the crystalline lens. A
stimilatory substance might be present in the vitreous and overcome
the normal inhibitory properties present in the aqueous humour.
Alternatively the crystalline lens might play an active role and add
an inhibitor to the aqueous or detoxify a stimulator already present.
In order to test these hypotheses, Herschler performed vitrectomies on
aphakic patients undergoing filtration surgery with medically
uncontrolled glaucoma. A total of 41 patients underwent vitrectomy-
filtration surgery, performed on 47 occasions. Nineteen of these
filtration operations were carried out on patients in whom vitrectomy
had been performed previously. Five of the 41 patients undergoing
filtration surgery required a revision of the operation and one
patient had two revisions performed. Thus 47 operations were done and
patients received either a trabeculectomy or a posterior lip
sclerectomy, but it is not clear from the paper what the proportions
of the operations were. Thirteen patients had neovascular glaucoma, 16
angle closure glaucoma and 12 suffered from chronic open angle
glaucoma. Success was defined as an IOP less than or equal to 21 mmHg
at the 6 month postoperative visit. The success rate for surgery was
affected by the type of glaucoma. Thus 53% of procedures performed on
aphakic eyes with neovascular glaucoma were successful, 72% were
successful in eyes with angle closure glaucoma, while 83% were
successful in aphakic eyes with primary open angle glaucoma. Of the 32
patients successfully controlled, 24 showed evidence of a filtration
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bleb. Two patients developed per-operative retinal detachments. These
results were very different from Herschler, et al., (1978) where no
vitrectomy was perfofmed. However, the complications of vitreous
surgery provide a reason for caution. Herschler felt that removing 95%
of the vitreous at surgery withdraws the majority of the biochemical
reservoir that may be releasing a stimulant to fibroblast growth into
the aqueous humour, although this theory remains to be confirmed by
other authors. Nevertheless, the discovery that total vitrectomy
improves bleb formation is important as it indicates that the biology
of the aqueous humour may be a key to improving surgical treatment for
glaucoma.

Bellows and Johnstone, (1983) studied trabeculectomy in 21 eyes of 21
patients with aphakic glaucoma, all of whom had uncontrolled
intraocular pressure and further threat to the pre-existing optic
nerve damage and field loss while on maximum tolerated med:.cal
therapy. ’I'hree patients had chronic open angle glaucoma, two had
chronlc .uveitis, one had neovascular glaucoma, and 18 had surgically
induced peripheral anterior synechiae. Follow-up was from 5 to 72
months, with an average of 26 months. The average preoperative
intraocular pressure was 38 mmHg (Range 28-64) and the postoperative
pressure was 21 mmHg (Range 5-38). Sixty two percent of the eyes
maintained a pressure of 21 mmHg or below for the period of the study.
There was no correlation clinically between the presence of a
filtering bleb and adequate pressure control.

Heuer, Gressel, Parrish, et al., (1984) reviewed 127 trabeculectomies
performed in aphakic eyes. Eighty two of these cases were suitable for
follow-up in the study, of which 78% had angle closure glaucoma
(predominantly secondary), 15% had primary open angle glaucoma, 4% had
developmental glaucoma, while 4% could not be diagnostically
classified. Surgery was completely successful (IOP less than or equal
to 21 mmHg) in 16% of cases, and partially successful in a further 23%
(IOP less than 21 mmiHg with medication or less than or equal to
25 mmHg without medication). Thus 61% of cases were failures. The time
interval until unequivocal failure was documented was 3 months or less
in 88% and 6 months or less in 92%. As a group, the patients who
failed surgery were significantly (p < 0.002) younger than the
patients in the successful categories, with only 1 of 20 patients
younger than 50 years categorised as a success. The authors felt that
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the effect of age may be related to the fact that younger patients
generally show more vigorous wound healing, or to the fact that
younger patients with aphakia have a greater prevalence of secondary
glaucomas. Since other trabeculectomies generally fail due to scarring
at the episcleral and subconjunctival interface, the authors concluded
that, in spite of it being unclear why trabeculectomies fail
frequently in aphakic eyes, agents that inhibit wound healing might
improve the success rate in this type of filtering surgery.

It is apparent that the surgical management of patients with aphakic
glaucoma is far from satisfactory. This has led to the use in some
centres of adjuvant anti-wound healing agents, particularly
5-Fluorouracil, to attempt to improve the surgical success rate in
this unfortunate group of patients (See section 1.7.4.).

1.2.7. Neovascular glaucoma
Neovascular glaucoma is a serious disease with a relentless course and -
‘usually with a poor prognosis (Madsen, 1973). It is most commonly
associated with proliferative diabetic retinopathy and ischaemic
central retinal vein occlusion. Conventional filtering surgery has
been minimally successful in rubeotic eyes because of the tendency to
form scar tissue at the operation site (Ratz and Spaeth, 1987). For
example, in Mills' study (1981) of 444 trabeculectomies, 8 of the
operations were performed on rubeotic eyes. Of these, intraocular
pressure was controlled in only one case by a conventional
trabeculectomy.

The poor success rate of filtration surgery for neovascular glaucoma
has led to the adoption of surgical modifications, particularly the
use of pre-operative panretinal ablation (Ratz and Spaeth, 1987).
Allen, Bellows, Hutchinson, et al., (1982) reported a study on 26
filtration operations in 24 eyes with neovascular glaucoma. The
follow-up ranged from 6 months to 7 years with a mean of 22.8 months.
In this study neovascular glaucoma was defined as increased IOP
associated with neovascularization of the entire filtration meshwork
with 360° of peripheral anterior synechiae and all or most of the
angle completely closed. Seventeen of the eyes underwent preoperative
panretinal photocoagulation in order to decrease fibrovascular
activity, and surgery was delayed 2 to 3 weeks in order to maximize
this response. In all cases vigorous treatment with steroids and
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atropine, as well as pressure lowering agents was applied. Thirteen of
the drainage procedures were trephinations or posterior lip
sclerostomies and were regarded as full thickness procedures; 13 of
the operations were trabeculectomies, while one was a pars plana
procedure performed 4 mm posterior to the limbus. Fourteen of 24 eyes
(58%) attained an IOP less than 21 mmHg. Two further eyes attained
pressures in the mid-20s but did not require medical therapy as it was
felt that the optic nerves withstood the elevated pressure adequately.
The overall success rate was thus 67%. Of the 16 eyes that had
successful outcomes with filtration surgery alone, seven had
trabeculectomies and eight had full thickness procedures. Conjunctival
scarring in the 33% of unsuccessful cases was thought to be the main
cause of failure of these operations.

Dissatisfaction with the results of conventional drainage surgery in

- recalcitrant glaucomas such asneovascularglaucoma led to the
development of implantable tubes to overcome the problems of
conjunctival scarring (Molteno, Straughan and Ancker, 1976a). A number
of appliances similiar to the Molteno tube have been designed. The aim
of these devices is to shunt aqueous humour via a tube from the
anterior chamber, to a large subconjunctival sac, demarcated by an
implanted plate or strap. Although scar tissue, which may inhibit the
passage of aqueous humour, is formed around the plate or strap, the
surface area of the wall of the sac is sufficiently large to allow
adequate amounts of aqueous humour resorption to maintain a low
intraocular pressure. Schocket, Lakhanpal and Richards, (1982)
implanted an anterior chamber tube shunt to an encircling no.20
silicone band in 19 eyes with neovascular glaucoma. Eyes with severe
rubeosis iridis received panretinal cryotherapy to reduce the risk of
haemorrhage. After surgery 18 of the 19 eyes (95%) followed for
periods ranging from 5 to 26 months (mean: 59 weeks) had intraocular
pressures less than 21 mmHg, and one eye had partial control with an
IOP of 26 mmHg. Side effects were relatively minimal. However,
subsequent studies with other types of implants have demonstrated that
there can be considerable problems with their use (Sherwood, Joseph
and Hitchings, 1987; Hitchings, Joseph, Sherwood, et al., 1987).

Other surgical strategies for the management of neovascular glaucoma

involve goniophotocoagulation, panretinal cryotherapy, and

cyclodestructive procedures using cryotherapy, photocoagulation or
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partial cyclectomy (Katz and Spaeth, 1987). The number of procedures
available is testimony to the fact that both the medical and the
surgical management of neovascular glaucoma is far from satisfactory.
If trabeculectomy alone is employed it will fail in at least a third
of cases.

1.2.8. Reoperations
In most reported studies the fate of patients who fail to attain a
reduction of IOP by trabeculectomy and maximal medical therapy is not
described. If these patients are not to continue to suffer the
deleterious effects of the elevated IOP, then a further attempt at
drainage surgery is indicated. There are few studies that report in
large numbers on reoperation performed after an initial failed
trabeculectomy, although many papers mention these cases
superflcn.ally. For example, 27 eyes out of 435 (6.2%) in the study of
Mills, (1981) underwent further surgery but their fate is not
described. A similiar criticism can be made of the study of 309 éyés'
undergoing trabeculectomy (Wilson, 1977), in which 8 required further
surgery, but no mention is made of the result. The most informative
papers are in the Japanese literature where detailed evaluation of
cases undergoing reoperation has been undertaken.

Inaba, (1982) in reporting on 427 eyes undergoing trabeculectomy,
included 76 eyes undergoing repeated surgery. Of these, 56 eyes
underwent surgery twice and 20 eyes, more than twice. The results of
repeated surgery were less successful than the first surgery, and the
final failure probability after 5 years was 0.49+/-0.09 after the
first surgery and 0.64+/-0.09 after multiple interventions.

Shirato, et al., (1982) carried out trabeculectomy 145 times on 113
eyes of 100 patients. Of the total number of operations 88 were
performed for the first time, 29 for the second, and 28 were for the
third and subsequent time. In eyes with POAG, the life-table analyses
of the trabeculectomy results were carried out in 46 eyes operated
upon once, in 19 eyes operated on twice, and in 24 eyes operated on 3
or more times. Most of the surgical failures occurred within one year.
The final failure probability after a first trabeculectomy was
0.43+/-0.09 (SD) after 2.5 years follow-up; the failure probability of
the second surgery was 0.63+/-0.18 after 2 years follow-up, but after
3 or more repeated operations the failure probability reached
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0.90+/-0.07 after one year. The authors felt that their data justified
repeating trabeculectomy on the same eye when the first surgery
failed. However, the extremely high failure rate of 90% in third and
subsequent surgery, suggested that trabeculectomy was not recommended
in these circumstances.

Although the non-Japanese literature does not contain adequate data on
the success rate of repeated trabeculectomies, the small number of
cases included in other studies generally indicate a reduced success
rate for repeated surgery (Skuta and Parrish, 1987; Simmons, 1986).
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1.3. REASONS FOR THE SUCCESS OF GLAUCOMA SURGERY

1.3.1. Histological studies
There are few histological studies of eyes with functioning glaucoma
drainage operations. This is due to the difficulty of obtaining
satisfactory material, since if the operation works, further
intervention is unnecessary and consequently the functioning bleb and
sclerostomy cannot be examined pathologically. Instead the supply of
suitable material is largely determined by chance and dependant upon
eyes removed soon after death and satisfactorily fixed from people who
happen to have had previously successful glaucoma surgery and
adequately documented clinical histories. In some instances material
has been derived from unusually large functioning blebs which have had
to undergo surgical modification.

In the days before trabeculectomy, Teng, Chi, and Katzin, (1959)
studied the histology and mechanism of six successful filtering
operations, two after iridenclesis, two after trephining operations,
‘one after scl:l'er'ect.:oﬁvaith iris inclusion, and one after combined
cataract extraction and sclerectomy with iris inclusion. They
concluded that there were three routes of aqueous drainage which could
be created by filtering operations: (1) the transconjunctival route;
(2) the route through areas of perivascular degeneration; and (3)
direct new recanalization caused by proliferating capillaries meeting
the trabecular region. There was a definite loss of collagen fibres in
the area of the drainage blebs. Fundamental to the creation of these
drainage pathways was the effect of aqueous humour which they felt not
only had a degenerating effect on mature collagen, but also worked to
prevent fibroblasts from forming collagen (Teng, et al., 1959).

Addicks, Quigley, Green, et al., (1983) published the first report of
an electron microscopic study of limbal tissues after filtering
surgery, in which they were able to compare the clinical and
histopathological appearances of drainage blebs. Specimens were
obtained from eye bank eyes or by surgical excision of a portion of a
bleb. These were either non-functioning, leaked or required surgical
revision because they had dissected onto the cornea. Four failed and
six functioning blebs were examined. However, it was not stated in the
paper what type of drainage surgery had been performed on each eye
examined. Beneath the epithelium there was an area of collagenous
connective tissue in both types of bleb. However in the four failed
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blebs examined this connective tissue was denser and thicker than
normal throughout the entire bleb wall. Ultra-structurally this zone
contained large amounts of collagen in which there were fibroblasts
and blood vessels. In the four failed bleb specimens there was no
cellular lining on the inner (anterior chamber) side of the bleb wall,
nor was there an accumlation of any abnormal extracellular material
at this site. Functioning blebs had looser, thinner subepithelial
connective tissue. Electron microscopy demonstrated that this tissue
contained scattered collagen fibrils with channel-like spaces
throughout the stroma. Collagen fibrils in both functioning and failed
blebs had a normal appearance and banding pattern. No specific signs
of collagen fibril abnormalities were detected. Thus the electron
microscopic observations by Addicks, et al., (1983) did not confirm
the light microscopic studies of Teng, et al., (1959), in which
degenerated, hydrated collagen was found to be important in the
formation of a functioning filtration bleb. Addicks, et al. felt that
the looser subepithelial connective tissue of functioning blebs would
vallow greater fluid movement through the tissue to its ultimate site
of exit. This may be into blood vessels present in this tissue, or
directly through the epithelium into the tears.

Addicks, et al., (1983) noticed clinically that functioning blebs
contain small cystic spaces. The microcysts correspond histologically
to the spaces in the subepithelial connective tissue, and are good
evidence of the functioning of a filtering bleb. Addicks' study points
to the importance of the fibroblast and its production of new
extracellular matrix components in the response to filtering surgery,
since eyes with less vigorous fibroblast proliferation or less
extracellular matrix production would be more likely to achieve the
appearance of functioning bleb tissue.

1.3.2. Timing of surgery
The timing of glaucoma surgery may have a crucial effect on its
outcome. However, current knowledge on this aspect of surgery is
extremely poor.

Most studies do not document the time elapsed from the diagnosis of

glaucoma until its surgical treatment. The severity of the glaucoma is

also generally not mentioned. Although it is at present impossible to

determine, the duration of the disease may or may not be related to
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its severity at diagnosis. It is well documented that the worse the
initial condition of the eye, the lower the intra-ocular pressure
appears to need to be to prevent further visual loss (Grant and Bunke,
1982). Drainage surgery may extinguish the last vestige of the central
visual field in eyes with end-stage glaucoma (Aggarwal and Hendeles,
1986), but it is as yet unknown whether the severity of the glaucoma
and its duration affects the healing response of the eye to drainage
surgery.

Wright, (1980) has described the complications of topical drug therapy
for glaucoma. All drops can cause conjunctival irritation and
hyperaemia which may be accepted by the patient as an inevitable side
effect of the therapy. Adrenaline causes a reactive hyperaemia in all
patients in whom it is used. Sub-clinical uveitis accounting for the
frequent finding of poster:.or synechiae is common in patients who have
been on long term treatment with miotics. Guanethidine 5% drops have
now been withdrawn because of the side effects noted on the
conjunctiva which include fibrosis, fornix shallowing and epithelial
metaplasia. In addition, nearly all eye drops contain preservatives,
which are well known to cause allergic reactions in the conjunctiva
(Wright, 1980).

Sherwood, Grierson, Millar, et al., (1989) have evaluated the effect
of long-term topical antiglaucoma medication on the conjunctiva of
patients undergoing trabeculectomy after a failure of medical
treatment to control the IOP, and compared this with a group of
patients undergoing trabeculectomy as a primary treatment for
glaucoma. A statistically significant increase in the number of
macrophages, lymphocytes, mast cells and fibroblasts in the
conjunctiva and Tenon's capsule and a significant decrease in the
number of epithelial goblet cells were seen in the group that received
long-term medical therapy. Additional unpublished work from these
authors indicated a significantly lower failure rate in those patients
undergoing primary surgery (2%), compared to the topical treatment
group (21%, mean follow-up 28 months). Sherwood, et al., suggested
that since topical medical therapy increases the number of tissue
inflammatory cells, the risk of filtration surgery failure may be
worsened by its use.
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The relatively minimal anti-glaucoma medications of pilocarpine 2% tid
or timolol 0.5% bd or a combination of these, employed by Watson and
Grierson, (1981) before proceeding to trabeculectomy may partially
explain their owverall success rate for surgery of 98% (including
patients controlled with additional medications). The 98% success rate
for trabeculectomy, without the need for additional medical treatment,
in the trial of Migdal and Hitchings, (1986) may also be associated
with the fact that all patients underwent primary surgery without
previously having been subjected to hypotensive medications. Against
this however, is the fact that Jay and Murray, (1988) found that
delayed trabeculectomy after failed medical treatment, was just as
effective as primary surgery in reducing intraocular pressure.

In summary, the timing of trabeculectomy may be important in
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not allow a valid conclusion to be drawn.
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1.4. REASONS FOR THE FAILURE OF GLAUCOMA SURGERY

The failure of filtering operations may be divided into intra-ocular,
scleral, and extra-ocular causes (Maumenee, 1960). Intra-ocular
complications are usually due to faulty surgical technique and include
lens, iris, vitreous and ciliary body prolapse into the scleral
opening. The main factor which prevents filtration at the level of the
sclera is an inadequate opening into the anterior chamber. This may be
due to leaving part of the sclera or Descemet's membrane remnants in
the sclerostomy. Extra-ocular factors are, however, thought to account
for the majority of failures after glaucoma filtration surgery.
Maumenee, (1960) ascribed this to a condensation or compression of
Tenon's capsule, rather than to fibroblastic proliferation. However,
his evidence was based on clinical observation, both at the slit-lamp
and when reoperating on patients with functioning and non-functioning
blebs. He did not perform histological studies to confirm his clinical
impression.

Hitchings and Grierson, (1983) performed a clinico-pathological
correlation of eyes with failed fistulising surgery. They pointed out
that clinically there may be little to differentiate functioning from
non-functioning blebs, and that there may be little if any change in
the appearance of a filtering bleb if it should fail years after the
operation. On clinical grounds the authors felt that it was possible
to separate eyes with failed filtration surgery into two groups -
early (in the first few months following surgery) and late (those eyes
which fail years following drainage surgery). Accordingly they studied
histological and ultrastructural features of the conjunctiva and
episclera in these two groups of patients. Specimens were obtained
from patients who were undergoing reoperation who had previously
sustained failed glaucoma drainage surgery and whose IOP's were
uncontrolled despite hypotensive medications. Specimens of conjunctiva
and episclera were removed from the region of the original bleb.
Twenty two filtration blebs were examined, 9 from eyes undergoing
reoperation within the first 6 months, and 13 from eyes undergoing
surgery more than one year from the original glaucoma surgery.

Early onset failures (less than 6 months post surgery) were
characterized by a marked inflammatory response in the subconjunctival
tissues and in Tenon's capsule. The inflammatory infiltrate consisted
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mainly of macrophages and lymphocytes. Activated spindle shaped
fibroblasts were plentiful. Some of the fibroblasts had well developed
rough endoplasmic reticulum in their cytoplasm, while a variable but
significant proportion had their cytoplasm packed with microfilaments.
The tissue was thickened by the deposition of new collagen, consisting
mainly of thin fibrils, but there was a normal deposition of
extracellular materials. Normal blood vessels and lymphatics were
evident.

In late onset failures (over 9 months post surgery) the filtering bleb
was lined with a thick layer of fibrin. The lining was predominantly
acellular with only a few fibroblasts present. The bleb was
encapsulated, in part, by hypocellular fibrous tissue, which consisted
of irregular bundles of collagen, ground substance and variable
amounts of elastic flbres. The capsule separated the bleb from what .
‘was relatlvely normal conjunctlva and Tenon's capsule. Subconjunctival

. vessels and lymphatics were normal and very few inflammatory cells -
were seen. Thus late failure appeared to be due in part to the bleb
wall or scar preventing the aqueous from reaching the relatively
normal conjunctiva beyond, where it could, if only it reached there,
be absorbed.

The healing of glaucoma filtration operations has been studied in
experimental animals. Seetner and Morin, (1979) performed
trabeculectomies on 28 albino rabbits, 10 of which received
subconjunctival methylprednisolone at the end of surgery. All but one
animal developed functionally patent filtration, proven by flourescein
injection, but by day 14, vigorous fibroblastic proliferation and
collagen production from the subconjunctival tissue, uvea and to a
lesser extent, the sclera combined to close off the fistula. The
steroid treated eyes showed slightly delayed wound healing, but by day
30 there was little difference between treated and untreated groups.

Similiar but far more extensive studies were reported by Miller,
(1988) who performed a modified thermal sclerostomy on albino rabbit
eyes. Light and electron microscopy demonstrated a massive
inflammatory response at the operation site with the production of
granulation tissue. Bulk filling of the filtration bleb was produced
by fibroblast proliferation and fibroblast migration predominantly
from Tenon's capsule. Synthesising fibroblasts produced a loose
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intercellular matrix. The bleb collapsed due to contraction of the
scar by myofibroblasts (see section 1.8.3.). The fibrous scar tissue
subsequently became organised and little different to the original
sclera.

Peiffer, Lipper, Merrit, et al., (198l) investigated the healing of
filtering wounds in rabbits, dogs and cats, although the number of
animals studied was very small. They found that in sclerectomy wounds
reparative tissue appeared to stream into the wounds from the
episcleral tissue, while in trabeculectomy repair arose from adjacent
corneal and limbal tissue. Ultrastructural examination of the healing
wounds showed large numbers of fibroblasts, many of which had the
features of myofibroblasts (see section 1.8.3.). The transient nature
of this cell type was demonstrated in further studies of filtration
surgery in cats by Reddick, Merrit, Ross,.et al., (1985) who showed
that while myofibroblasts constituted the predominant cell type in the
- reparative process of a filtration ‘op'er'atlio'n,' appea.rlng as early as
the seventh post-operative day, they were virtually absent after day
14. Their histological data obtained from healthy cats suggested that
contraction of the wound sites in the early post-operative period may
cause scarring and thus failure of standard filtering operations.

Primate studies are likely to be more directly relevant to human
glaucoma surgery. Desjardins, Parrish, Folberg, et al., (1986)
reported on posterior lip sclerectomies performed in both eyes of 13
and in one eye of 3 normal owl monkeys. Tenonectomies were routinely
performed. All drainage blebs failed by 10 to 14 days. Fibroblast
migration was evident by the sixth post-operative day. Presumably the
migrating fibroblasts originated from the adjacent episclera. During
postoperative days 8 to 14, fibroblasts lined the walls of the fistula
and proliferated to occlude the channel. Considerable contraction of
the conjunctival wound with anterior migration towards the limbus was
observed.

Cellular proliferation after glaucoma filtration surgery was studied

in detail by Jampel, McGuigan, Dunkelberger, et al., (1988) who

performed posterior lip sclerectomies on 4 experimentally glaucomatous

cynomolgus monkeys. Light microscopic autoradiography demonstrated

nuclear incorporation of tritiated thymidine as early as 24 hours

following surgery. Peak incorporation occurred 5 days postoperatively
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and had returned to baseline levels by day 1ll. This coincided with the
clinical course of the failure of the filtration surgery. Transmission
electron microscopy was used to characterize the proliferating cells
identified by autoradiography. By two days after surgery,
proliferating fibroblasts were identified at the margins of the
sclerostomy. The major source of the fibroblasts that eventually
occluded the wound was thought to be the episclera.

In summary, while the time course to the failure of filtering wounds
in experimental animal eyes is far more rapid than in human eyes, the
sequence of events seems similiar. The fibrosis produced by fibroblast
migration, proliferation, synthesis of extracellular matrix, and
subsequent contraction, plays a prominent role in the failure of human
glaucoma drainage surgery (Skuta and Parrish, 1987). Factors likely to
be important in surgical failure include the pre-operative state of
'the conjunctiva, Tenon's capsule, and episclera; the integrity of the-
‘blood-aqueous barrier and the nature of the aqueous humour; the trauma
of the operation and the degree of post-operative inflammation
(Hitchings and Grierson, 1983).

1.4.1. Time course of failure
The time course for the failure of trabeculectomies has been well
documented in a number of large studies, and reasonably consistent
trends have emerged.

Ridgeway, (1974) studied 203 trabeculectomies performed on 161
patients, of which 180 eyes were followed-up for 1 year. In patients
operated on for both primary open angle glaucoma and chronic angle
closure glaucoma, the bulk of the failures occurred within the first
year, with most of these occurring within the first three months. A
small proportion of cases were noted to fail upto 2 years of follow-
up.

D'Ermo, et al., (1979), studied 90 trabeculectomies performed on 75
patients and followed them for 1 to 5 years. During the course of the
first year the percentage of eyes with pressures less than or equal to
21 mmHg dropped markedly to approximately 75%. Thereafter the
percentage of successful cases remained substantially constant,
although only 22 eyes were followed for 5 years.
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The maintainance of pressure control was confirmed by Rollins and
Drance, (1981) who, in a 5 year follow-up of 48 eyes undergoing
trabeculectomy found that 52% attained a pressure of 20 mmHg or less
without medication at the end of one year, with a further 29%
controlled with medication. At five years, 79% of eyes were still
pressure controlled with or without medication. In their paper,
however, the authors were careful to point out that pressure control
cannot be equated with disease control since adequate control of IOP

does not guarantee an arrest of the glaucomatous visual field
progression.

A more detailed picture of the time course of failure of
trabeculectomies within the first year is provided by Mills, (1981)
reviewing 444 trabeculectomies. Eyes requiring postoperative
medications were grouped in three monthly perlods postoperatlvely

~ according to-the time when they were started on drugs Within the
first 3 months 16% of eyes required medications; in the next three,

3. 4%, in the next three, 1.9%; and in the last 3 months of the first
year a further 1%. During the subsequent year a further 3% required to
be started on medication. Over the subsequent 5 years only a further

2.4% of patients required the commencement of anti-glaucoma
medication.

The large Japanese study of Inaba, (1982) confirmed that the time
course of failure of the IOP control after trabeculectomy is
predominantly of the early failure type. By life table analysis the
cunulative failure probability increased rapidly within the first
year, particularly within 6 months, and subsequently showed a slow
increase. The cumulative data of 427 eyes demonstrate that this slow
increase in the failure probability was maintained up to the end of
the follow-up period of 5 years.

Lamping, et al., (1986) found less encouraging long term results from
trabeculectomy. While about 92% of operations were successful at one
year, this had fallen to 70% at five years. Trabeculectomy compared
disfavourably in this respect with full-thickness drainage procedures
which maintained a greater pressure control rate for longer.

It can thus be seen that with most of the cases that do not attain
satisfactory pressure control after trabeculectomy, failure occurs
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within the first year, and the bulk of this is within the first 3 to 6
months. Failure is therefore predominantly of the early type
(Hitchings and Grierson, 1983). Trabeculectomies may also fail after a
number of years, but this is relatively rare. It would seem that
attempts to improve the success rate of trabeculectomy should
therefore be directed at reducing this early failure.

1.4.2. Consequences of surgical failure
As has been mentioned above the definition of surgical failure differs
from one published paper to another, and in addition, most studies do
not comment on what happens to patients who do not attain pressure
control from surgery. The consequences of failure also depend on the
initial reason for performing surgery.

In the Third World, anti-glaucoma medications may be unavailable, or
their quality and safety may be open to question. Even if medications
are available, social circumstances may make the frequent instillation

'of drops ﬁrxpoSsible. Facilities for the follow-up of patients can be

extremely poor, distances to the hospital are often large and
transport non-existent. Thus, surgery may be the patients' only hope
of arresting their glaucoma. Surgical failure to control the IOP will
be disasterous and further visual deterioration will ensue. This
problem is compounded by the presentation of the majority of patients
in these countries late in the course of their disease and for an
increased tendency to wound healing at the site of glaucoma drainage
surgery in heavily pigmented people. Once an operation such as a
trabeculectomy has failed, the facilities for further more technically
complicated surgery may be impossible in this environment.

Where a trabeculectomy is performed as a primary procedure to control
glaucoma and where medication is available, long term anti-glaucoma
drugs may adequately control the IOP. However, in some patients
compliance with medication may be a considerable problem, (Davidson
and Akingbehin, 1980) particularly if poor compliance prompted the
initial decision to perform primary surgery. This may be exacerbated
by the patient feeling that he has undergone unnecessary surgery which
has failed in any case, and which may even have worsened his vision.
It may thus be more realistic to classify partially successful surgery
which requires supplementary medications to control the IOP as a
failure.
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Where surgery was performed after a failure of medical treatment to
control the IOP and where post-operatively the pressure remains
uncontrolled despite the reintroduction of these medications, there
are two alternatives. Either further intervention with physical
methods of treatment is undertaken, or the patient takes his chances
and hopes that his remaining and presumably deteriorating vision
exceeds his life expectancy.

The success rate from undertaking a second trabeculectomy has been
shown by Shirato, et al., (1982) and others, to be less than the first
procedure, but still probably worth undertaking. However, a third and
subsequent operation had a success rate of about 10% only (Shirato, et
al., 1982). Some surgeons would undertake further full-thickness
drainage procedures as an alternative. In some centres the
nnplantatlon of shuntJ.ng devices (see section 1.2.7.) would be the -
prooedure of ch01ce. Cyclodestructive procedures in eyes with poor

- visual potential are a further treatment option, ‘either performed with
cryotherapy, therapeutic ultrasound or transcleral Nd:YAG
cyclophotocoagulation (Reviewed by Heuer, 1988). None of these
treatment options is particularly satisfactory and the periods of high
IOP suffered before an alternative treatment is undertaken may do
further harm to the patient's already compromised optic nerve.

It follows that methods to improve the success rate of trabeculectomy
are urgently required.
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1.5. COMPLICATIONS OF TRABECULECTOMY AND COMPARTISON WITH OLDER
TECHNIQUES OF GLAUCOMA SURGERY.
The side effects described by Cairns in his original description of
trabeculectomy, (Cairns, 1968) were a relatively mild intra-ocular
infection in one case, which responded well to antibiotics, iris
prolapse in one case performed without an iridectomy, one persistently
flat anterior chamber lasting for 3 days, 2 flat chambers for 2 days,
and 4 for 1 day. All of the flat chambers reformed after treatment
with acetazolamide. In most cases there was also a small hyphaema
present for some postoperative days. In spite of the fact that his
success rate of 100% has not been equalled in larger studies, and that
more serious side effects have emerged after trabeculectomy, numerous
comparisons have demonstrated that the operation compares extremely
favourably with a number of older full thickness glaucoma drainage
procedures.

Drance and Vargas, (1973) evaluated. trabeculectomy and thermo-
'sclerectomy in a retrospective non-randomised study. Thirty six
trabeculectomies were compared with 22 thermosclerectomies, with
follow-up ranging from 3 months to 3 years. No statistical analysis of
the results was performed, but the pressure control of the
trabeculectomies was considered slightly superior compared to the
thermosclerectomies. Thirty six percent of the thermosclerectomies
lost over 2 lines of vision due to cataract, while for trabeculec-
tomies the equivalent figure was 11%, or one third of the number of
cataracts. None of the trabeculectomies had post-operative flat
anterior chambers, and uveitis producing posterior synechiae occurred
in only 2 out of 36 eyes. Thermosclerectomy was usually followed by a
flat anterior chamber and uveitis was not uncommon. The only post-
operative complication seen more frequently in the trabeculectomies
was a small transient hyphaema.

Trabeculectomy was compared with Scheie's procedure (peripheral
iridectomy with a thermal sclerostomy) by Spaeth, Joseph and
Fernandes, (1975). A total of 71 cases were followed for 3 years, but
the type of surgery was not randomised at the start of the study.
Success was judged both in terms of pressure criteria and visual
function. The authors suggested that the Scheie procedure reduced
pressure to a lower level and for a longer duration than
trabeculectomy. There were no differences in the long term visual
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result between the two procedures, but trabeculectomy caused fewer
flat anterior chambers than the Scheie procedure. Further data was
provided by Spaeth, (1980) in a prospective, randomised controlled
study comparing the above procedures. Fifteen patients requiring
bilateral glaucoma drainage surgery were randomised to receive a
Scheie procedure in one eye and a trabeculectomy in the other. All
cases were followed for one year, and 13 from 5 to 8 years after
surgery. IOP was lower in the eyes with the full thickness procedure
(14 vs 16 mmHg). Control of the disease was more easily accomplished
without requiring medications in the eyes treated with the Scheie
procedure. The average postoperative visual loss was the same in both
groups, with a mean of about 1.5 Snellen lines lost 5 years after
surgery. Partially flat anterior chambers were more common in eyes
treated with a Scheie procedure, with one fifth of the eyes treated
with substantial iris-cornea contact. Cataract developed post-

" operatively with approximately equal incidence. In every cases except
~ one, progression .of cataract occurred only in those eyes with the
presence of cataract preoperatively. The Scheie procedure resulted in
the classic, thin walled cystic bleb in almost all cases, whereas only
2 trabeculectomy eyes developed such a cystic bleb. Spaeth is careful
to point out that this was a small study with literally no serious
complications, but that "it is now widely accepted that the incidence
of complications following trabeculectomy is substantially lower than
following a Scheie procedure".

Watkins and Brubaker, (1978) compared trabeculectomy with a full-
thickness corneoscleral trephination procedure (as described by Sugar,
1970a). Seventy six eyes were studied, comprising 49 trabeculectomies
and 27 full-thickness procedures. However, patients were not
randomised to a particular treatment. The decision as to which
operation to perform was made on the basis of the final pressure that
it was hoped to attain. Thus patients for whom it was believed that
low pressure was necessary for control, underwent the full-thickness
procedure. Follow-up was for a minimum of one year. In the full
thickness group there were significantly (p < 0.001) greater numbers
of shallow and flat anterior chambers in the immediate postoperative
period. During the early postoperative period there was a small but
significant difference in IOP (p < 0.05), with the full-thickness
group having slightly lower pressures. Significantly fewer (p = 0.005)
filtration blebs were present in the partial thickness group and there
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was no significant visual change in either group. The major
postoperative problem was failure of the procedures to control the IOP
at a satisfactory level which occurred in 10% in each group. After a
year the small difference in IOP between the two groups persisted. The
visual acuity remained unchanged. Approximately 20% of all patients
were receiving anti-glaucoma medication. Although the incidence of
complications was higher in the full thickness group, the difference
between the two groups was not statistically significant.

Trabeculectomy was again compared with thermosclerostomy in a well
organised prospective clinical trial by Blondeau and Phelps, (198l1).
All patients were phakic and were undergoing their first operation for
open angle glaucoma. Ninety eight eyes from 64 patients were included
in the study and patients were randomly assigned to surgical
treatments. Where both eyes of a single patient were operated upon,

they received different operations. Thus, 50 thermosclerostom:l.es and
48 trabeculectomies were assessed. The mean follow—up perJ.od was 2.7

years. Postoperatively the thermosclerostomy group had a lower mean
IOP than the trabeculectomy group. However, the average difference was
not statistically significant except for the second year. The most
noticeable difference between the two groups occurred on the first
postoperative day in that thermosclerostomy usually caused a very low
pressure. IOP was controlled (under 22 mmHg) with or without
medications in 80 to 95% of eyes at each follow-up period no matter
which operation was performed. Thermosclerostomy eyes had a higher
proportion of thin blebs, and trabeculectomy eyes a higher proportion
of thick blebs or no bleb at all. More than two thirds of the eyeé in
both groups lost acuity. In eyes that lost acuity, the cause was
almost always cataract. Ten (208) of the 50 eyes in the
thermosclerostomy group required cataract extraction during the time
of follow-up, while none of the trabeculectomy group had this
complication. Some hyphaema was present in approximately 50% of both
types of operation. A flat anterior chamber, in which lens or iris was
in contact with the corneal endothelium occurred in 20% of the
thermosclerostomies and 4% of the trabeculectomies. As late post-
operative complications, 2 of the 50 thermosclerostomy blebs
perforated and a further 2 became infected. None of the trabeculectomy
blebs suffered this complication. When the follow-up was extended in a
further study of 71 of these eyes to five years (Lewis and Phelps,
1984), essentially similiar results were seen. However 3 cataract
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extractions were necessary in the trabeculectomy group. This led the
authors to suggest that thermosclerostomy may have two cataractogenic
effects: one that is immediate and related to the operative technique
and a second that is more chronic and common to both types of
filtering technique. The cataractogenic potential of filtering surgery
had been studied in more detail some years earlier by Sugar, (1970b)
who among other factors suggested that postoperative flattening of the
anterior chamber may play a significant role in this unfortunate
complication.

Other types of full thickness filtering procedures have been compared
with trabeculectomy. Shields, (1980) reported on 26 trabeculectomies
and 23 posterior lip sclerectomies in a retrospective study. It is not
reported in the paper why a particular procedure was performed on a
particular patient. Follow-up ranged from 3 months to 38 months.
‘Success was defined as control of the IOP at a level that was
sufficient to prevent further damage to the optic nerve head. For the
trabeculectomies this pressure ranged from 7 to 28 mmHg, while for the
posterior lip sclerectomies the range was 4 to 21 mmHg. Fifty four
percent of the trabeculectomies required medication to be categorised
as successful while only 35% of the full-thickness procedures required
this. Cataracts causing a reduction of Snellen acuity by more than one
line occurred in similiar proportions of patients (about 35%). Flat
anterior chambers were more common in the posterior lip sclerectomy
group. The study was weak in that no statistical comparisons were
made. However the author concluded that a full thickness procedure
provided slightly better pressure control than a trabeculectomy, but
that there was no difference in the final visual result, nor the
incidence of cataracts between the two surgical procedures. On this
basis and on the evidence from a literature survey presented in the
paper, Shields concluded that there was little evidence for the
superiority of the trabeculectomy as a drainage procedure, and that he
still preferred a full-thickness procedure in advanced cases where a
very low IOP is essential.

It can thus be seen that many of the studies comparing trabeculectomy
with full-thickness drainage procedures are methodologically poor.
Even in those studies that are sound, the number of cases for
comparison is low, therefore making it impossible to compare the
relative risks of rare complications, eg. infected blebs
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postoperatively, in a statistically meaningful way. Nevertheless, the
trend from these studies indicates that the final IOP attained after a
trabeculectomy is generally slightly higher than after a full
thickness procedure. Full thickness procedures appear to function for
longer periods than trabeculectomies. This is compensated for by a
lower risk of complications after trabeculectomy, particularly flat
anterior chambers, predisposing to cataract progression. The relative
rarity of thin cystic blebs after trabeculectomy compared to their
almost invariable presence after a full thickness procedure
theoretically reduces the life-time risk of endophthalmitis due to an
infected bleb. However, this potentially devastating complication has
been reported after trabeculectomy (Freedman, Gupta and Bunke, 1978).
In this particular study the incidence of endophthalmitis after
trabeculectomy was 1.8%. After comparison with other studies performed
by different authors, the conclusion of the Freedman study was that
_the incidence of endophthalmitis after trabeculectomy is similiar to
Scheie's procedure but less than that after full-thickness.

" frephination. |

The true incidence of complications after any form of surgery can only
be estimated once large numbers of patients have been operated upon.
Thus the numerous small studies of trabeculectomy are unlikely to give
an accurate picture of the expected side effects. Even in large
studies involving over 400 patients, consistent trends are lacking,
leading different authors to recommend different approaches to
treatment. In addition, comparison with historical studies is likely
to lead to bias since the recent use of the operating microscope in
glaucoma surgery, and better suture materials may by themselves
improve the results of surgery.

The retrospective study of Mills, (198l) of 444 trabeculectomies
stated that the long-term side effects of trabeculectamy were more
widespread and problematical than previous reports suggested. He found
shallow or flat anterior chambers in 13% of cases; decreased visual
acuity greater than 2 Snellen lines in 15% (mostly due cataract) and
further glaucoma surgery necessary in 6% of eyes. Endophthalmitis
occurred in 0.5% of eyes. Complications, however slight, occurred in
33.9% of eyes in his study.
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By contrast, the 424 trabeculectomies reported by Watson and Grierson,
(1981) indicated a lower rate of complications. Surgical intervention
- was therefore recommended by the authors in patients with glaucoma as
soon as simple medication (ie. pilocarpine 2% tds and/or timolol 0.5%
bd) fails to control the IOP, or at any time regardless of the IOP,
that progressive field loss is confirmed. In their study although
shallow anterior chambers occurred in 13% of cases, they were flat in
only 3%. Uveitis was noted in 26% of the patients post-operatively,
but this was only regarded as severe in 2%. However, 28% developed
posterior synechiae following trabeculectomy. Transient hyphaemas
occurred in 23% of cases, but persisted for longer than 7 days in 1%.
Progression of cataract was noted in 23% of cases operated on using
the Cairns approach (Cairns, 1968) while 6% of cataracts progressed
using the Watson approach (see section 1.6.1.), (Watson, 1970).

form of complication however slight was recorded in 28% of eyes, but »
“was. only regarded as significant in 16%. In a ‘further study of these
eyes it was felt that only 1% could be considered to be worse off
because of a surgical complication (Watson and Grierson, 1984).

In conclusion, it can be seen that the trabeculectomy is a reasonably
successful operation, but it is far from being the perfect operation
for glaucoma. There is a significant rate of failure associated with
the procedure as well as a significant rate of complications. The
decision to proceed to surgery in a patient with glaucoma is a
complicated one and is made on the basis of the surgeon's beliefs
about the disease of glaucoma, the patient's wishes, the availability
of medication, as well as on the patient's compliance with medical
treatment. Many surgeons feel that the physiologically functioning eye
should be maintained as long as possible, which can be achieved
medically but not surgically. Nevertheless, in Britain there is a
school of thought that advocates early surgery (Watson, 198l; Murray
and Jay, 1979; Jay, 1983; Jay and Allan, 1989). This is seen by many
ophthalmologists, particularly in the United States of America, to be
a rather radical view, and trabeculectomy is still reserved for use
after a failure of medical treatment to halt the progression of the
disease.
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1.6. SURGICAL MODIFICATIONS OF THE ORIGINAL CATRNS TRABECULECTOMY
In an effort to improve the surgical success rate and to make the
operation easier to perform, numerous modifications of the original
Cairns trabeculectomy have been advocated, commencing with the
technique of Watson, (1970) and continuing until the present time.
Most surgeons, even when performing a "Cairns trabeculectomy" have
subtle modifications of their own. The non-uniformity of surgical
technique is likely to account for some of the variation in surgical
results discussed in section 1.2. It is also a general truism of
surgery that when there are numerous ways of doing the same operation,
the ultimate way is yet to be found.

1.6.1. Watson's modification
Watson, (1970) described a modification of Cairns' procedure th.ch he
- found technically easier to perform. The modification involved
removing a larger deep scleral flap, extending further posteriorly
" than that described by Cairns, such that the ciliary body and
underlying scleral spur were dissected free from the flap as it was
extended forwards. This differed from Cairns' operation where the
trabecular meshwork was dissected anterior to the scleral spur.
Watson's modification had the effect of creating a small
cyclodialysis. The procedure could be performed with either a limbus-
or a fornix-based conjunctival flap. In a comparative study of 452
eyes after a five year follow-up, there was found to be no difference
in the IOP control or the complication rates using either technique.
(Watson and Grierson, 1984). However, there were considerably fewer
cystic blebs produced when fornix-based flaps were used. Watson's
modification of the trabeculectomy has become widely accepted and is
used in many centres as the standard trabeculectomy.

1.6.2. Flap size
The effect of varying the size of the scleral flap and the corneal
block was investigated by Starita, Fellman, Spaeth, et al., (1984).
Patients were prospectively randomised into two groups based on the
eye receiving surgery. Twenty eight eyes of 23 patients were followed-
up for 10-18 months. Both groups of patients underwent a Cairns type
trabeculectomy with a limbus based conjunctival flap. Only one aspect
of the trabeculectomy technique was altered in the two groups and that
was the size of the scleral flap and the block excised. In the first
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group the scleral flap was 4x4x4 mm and the excised corneal block

3x3 mm. In the other group the scleral block was 2x2x2 mm and the
excised corneal block 1x1 mm. No clinically significant difference was
demonstrated between the two groups in final IOP, visual acuity or
complication rates. This led the authors to recommend that smaller
scleral flaps be used in trabeculectomy surgery in order to disturb
the eye as little as possible and to leave as much virginal
conjunctiva as possible, should further glaucoma surgery be necessary.
The authors pointed out that this study did not solve the controversy
as to the mode of action of a trabeculectomy, since adequate trans-
scleral filtration could occur even with a scleral flap area reduced
to 4 nmz, or the majority of the filtration could occur around the
margins of the flap. Further studies are needed to clarify this point,
but as yet, are not available.

- 1.6.3.  Triangular, square or circular flaps.
The effect of using a triangular or a square superficial scleral flap -
was investigated in 22 eyes of 11 consecutive patients by Kimborough,
Stewart, Decker, et al., (1982). No statistically significant
difference was demonstrable in the final intra-ocular pressures or
complication rate between the two groups. However, since the authors
found a triangular flap easier to fashion than a square one, they
recommended the former as a simplified approach to the standard
trabeculectomy procedure. This technique has been adopted by a number
of different surgeons.

The use of trephined semi-circular superficial scleral flaps and
circular deep corneo-sclerectomies was advocated by Dellaporta and
Fahrenbruch, (1971) as being technically easier to perform than a
Cairns trabeculectomy. A direct comparison of results has not been
made with a standard trabeculectomy and the operation has not become
popular as many surgeons find it technically more complicated than the
standard procedure. Nevertheless, the operation appears to be as
successful as a standard trabeculectomy and has similiar complications
(Dellaporta, 1981).

1.6.4. Flap thickness
David and Sachs, (198l) investigated the effect of scleral flap
thickness on the final IOP attained after trabeculectomy. This study
has already been mentioned in section 1.1.5. Thirty five eyes with
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diverse types of glaucoma and preoperative pressures up to 50 mmbg '
were included. In accordance with the preoperative IOP the thickness
of the scleral flap was chosen between 1/2 and 1/5 of the sclera.
Thus, the higher the pre-operative pressure the thinner the scleral
flap. 91.4% of eyes attained an intra-ocular pressure less than

21 mmHg with or without medication. Two of the eyes required
re—operation. The authors suggested that pre-operative planning of the
flap thickness allowed a final IOP for a particular patient to be
selected.

This observation must be regarded with some degree of scepticism as it
has been clearly shown that in most patients undergoing a standard
trabeculectomy, the IOP can be reduced to that of the episcleral
tissue pressure, regardless of the pre-operative pressure (Watson and
Grierson, 1981 and 1984). In other words, the higher the initial IOP

~ the greater the drop in pressure produced by the operation. David and
Sachs, (1981) have failed to show that in patients with equal
pressures pre-operatively, that a thinner scleral flap will result in
lower post-operative pressures. Nevertheless, although there is little
hard data available, it is still the practice of some surgeons to
fashion a very thin scleral flap in situations where a very low post-
operative IOP is required.

1.6.5. Limbus- vs fornix-based conjunctival flaps
The use of the different types of conjunctival flaps was investigated
in a prospective, randomised study by Shuster, Krupin, Kolker, et al.,
(1984). Eighteen eyes underwent a trabeculectomy under a limbus-based
conjunctival flap, while 19 trabeculectomies were performed under
fornix-based flaps. In both instances the scleral flap was triangular.
The surgery was equally successful in both groups with a mean post-
operative follow-up of 17.6 months (range, 9 to 37 months). Transient
leakage of aqueous humour occurred from the flap margins in 4 cases
after the fornix-based flaps and in none of the limbus-based flaps.
The authors felt that there were a number of technical advantages in
fashioning a fornix-based flap, and in particular it was easier to
perform. Accordingly, they have adopted this technique as part of
their surgical routine when performing trabeculectomies.

Their results were confirmed by a similiar study (Traverso, Tomey and
Antonios, 1987). Trabeculectomies were performed on each eye of 20
-79 -



patients, randomly assigned to receive a fornix- or a limbus-based
conjunctival flap in a particular eye. The superficial scleral flaps
were square in this study. Comparable results for the two types of
surgery were obtained in terms of pressure control, the size and
nature of the bleb, and the rate of complications over the follow-up
period varying from 3 to 13 months.

Similiar results were shown by Reichert, Stewart and Shields, (1987)
but they expressed a preference for limbus-based conjunctival flaps.
Luntz (1980) by contrast has extoled the virtues of fornix-based
flaps.

In summary, it would seem that there is little to choose in terms of
final results between the two kinds of flaps, and the choice can
safely be made on the particular preference and expertise of the

- surgeon. ' o

| 1.6.6. Clear cornea trabeculectomy
The clear cornea trabeculectomy was devised by Cairns, (1985) in order
to reduce the failure rate of conventional trabeculectomy. The
rationale was to prevent trauma to the conjunctiva and Tenon's
capsule, thus obviating scarring at this site, and therefore improving
the success rate of surgery. Sixteen eyes in a state of advanced
glaucoma and having suffered a previous failure of a conventional
trabeculectomy were operated upon by this method (Cairns, 1986b).
Success was achieved in only 10 of the 16 eyes.

A similiar poor success rate was confirmed by Keillor and Molteno,
(1986) who achieved normalisation of the IOP in only 11 of 22 cases of
clear-cornea trabeculectomy. Nevertheless, the authors concluded by
saying that with appropriate instrumentation and experience the
technique could become a remarkably safe and atraumatic technique for
controlling open angle glaucoma. This promise has yet to be fulfilled.

1.6.7. Visco-elastic substances
Visco-elastic substances have been employed in a number of studies in
order to reduce the complication of post-operative collapse of the
anterior chamber after trabeculectomy.
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Blondeau, (1984) used sodium hyaluronate 1% (Helon) in a retrospective
study of 21 trabeculectomies in order to cushion the anterior chamber,
' thus endeavouring to prevent its post-operative collapse. Ten patients
received 0.1 to 0.2 ml of the substance into the anterior chamber at
the end of surgery, and were compared with historical non-randomised
controls. On the first post-operative day sodium hyaluronate prevented
ocular hypotony, but thereafter there was no statistically significant
difference in mean IOP in the two groups. No other statistically
significant difference could be demonstrated but there was a trend
towards slightly better visual acuity in the treatment group. The
retrospective and uncontrolled nature of this study must, however,
prejudice its conclusions.

A 1.9% solution of sodium hyaluronate (PhEA 34c) was investigated by
Teekhasaenee and Ritch, (1986) in a prospective randomised controlled .
“study of 30 eyes undergo:.ngtrabeculectomy Balanced salt solution was
used as a control in 15 of the cases. PhEA 34c or balanced salt’
solution was injected both into the anterior chamber and under the
conjunctival flap at the end of surgery. Even this sodium hyaluronate
solution, which has three times the viscosity of Helon, did not
prevent post-operative flat or shallow anterior chambers. No
significant difference was demonstrated in the success rate of surgery
between the two groups although PhEA 34c appeared to lead to
loculation of the filtering bleb, which required reoperation in four
cases in this study.

A study in favour of the use of Helon was reported by Raitta and
Setala, (1987). The experimental group comprising 46 eyes of 38
patients, received Helon into the anterior chamber at the end of
surgery, and were all operated upon by one surgeon. They were compared
with a similar number of historical matched controls, operated upon by
a number of different surgeons. The authors concluded that Helon is
useful in trabeculectomy and prevents collapse of the anterior
chamber, thus preventing cataract formation, but no statistics were
performed in the study. The conclusion appears to be unjustified since
the two groups of patients are clearly not comparable.

In summary, the viscoelastic substances, based on sodium hyaluronate,
that have been investigated as an adjunct to trabeculectomy, have not
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fulfilled their theoretical promise of maintaining the anterior
chamber post-operatively.

1.6.8. Methods of rescuing failing trabeculectomies
Focal pressure has been advocated by Traverso, Greenidge, Spaeth, et
al., (1984) in the first week after trabeculectomy, where evidence of
closure of the scleral flap was shown by a rise of the IOP, with no
apparent filtration and no other discernable cause for the rise of
pressure. In their series of 100 trabeculectomies undertaken over a 7
month period, focal pressure was performed on 18 eyes. In 17 of these,
filtering blebs developed immediately after focal pressure was applied
in the first post-operative week. Although this technique is useful in
the immediate post-operative period, the authors do not recommend it
for long term IOP control.

"I‘herapeutlc ultrasound was mvestlgated as a method for restor:.ng
failed trabeculectomies by Yablonski, Masonson, El Sayyad et al. ’
(1987). Twenty recently postoperative eyes with nonfunctioning
trabeculectomies were treated at the site of the failed bleb with 2 to
4 ultrasound applications, each of five seconds duration at an
intensity level of 10 kW/cmz. The mean time between the therapeutic
ultrasound treatment and the trabeculectomy was 91+/-71 days(+/- SEM).
Fifteen of the 20 eyes demonstrated a long term pressure decrease to
21 mmHg or below with follow-up for 236+/-204 days (meant+/-SD).
However complications included the immediate development of a cataract
in one patient and an immediate post-ultrasound pressure rise over

10 mmHg in 13 eyes. Thus the mean pretreatment IOP was

32+/-8 mmHg (+/-SD) while the IOP within one hour of the procedure was
50+/-17 mmHg. All of these hypertensive eyes responded rapidly to
acetazolamide and a hyperosmotic agent. The high post-operative
pressure rise is likely to be detrimental to an already compromised
optic nerve. Nevertheless the technique may prove to be useful in some
cases of failed trabeculectomy.

Removable-suture closure of the lamellar scleral flap has been
advocated by Shin, (1987) as a technique for coping with post-
trabeculectomy elevated IOP. In a series of over 50 cases using this
method of surgery he encountered no problems associated with using the
suture, and particularly in the first week when the suture was easy to
remove, was able to re-establish filtration in failing
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trabeculectomies. Shin felt that the ability to remove a suture post-
operatively enabled him to sew up the lamellar scleral flap tightly,

| thus diminishing the complications of post-operative flat anterior
chambers and conjunctival wound leaks.

1.6.9. Other modifications of trabeculectomy
Numerous other technical modifications of trabeculectomy have been
devised in an effort to reduce the complications of surgery and to
improve its success rate. These have ranged from excising Tenon's
capsule in the vicinity of the trabeculectomy in order to decrease the
pool of potential fibroblasts that may form scar tissue, to
incorporating aspects of older operations devised for glaucoma, eg.
trabeculectomy with iridenclesis (Gess, Koeth and Grallee, 1985);
subscleral Scheie procedures (Luntz, 1986)). None of the modifications
of the original Cairns trabeculectomy (Cairns, -1968) has been shown
consistently to provide improved surglcal success or diminished
‘complications. Accordingly, none of these modlflcatlons, other than
the Watson trabeculectomy (Watson, 1970) has been adopted into general
ophthalmic practice.

In the future, techniques of cutting the sclera less traumatically may
replace surgery with the scalpel. Thus, the use of the Excimer laser
to fashion sclerostomies is being explored in the hope that less
tissue damage at the time of surgery may lead to less scarring at the
operation site (Berlin, Rajacich, Duffy, et al., 1987). These
techniques are yet to be applied outside of experimental studies, but
they represent a potentially exciting field for future development.

In summary, it can be seen that none of the surgical modifications of
the trabeculectomy have any advantage over the original Cairns
procedure (Cairns, 1968) and that for all techniques of trabeculectomy
there will be a significant failure rate and an incidence of surgical
complications and side effects. The inescapable conclusion appears to
be that mere surgical modifications are insufficient to improve the
success rate of trabeculectomy. Other avenues need to be explored and
there may be a role for adjuvant treatment with substances designed to
retard wound healing. Any drug which is found to be successful will
have to achieve a fine balance between wound healing which facilitates
effective drainage and closure of the conjunctiva, and over vigorous
wound healing which causes scarring and a failure of filtration.
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1.7. THERAPEUTIC ADJUNCTS TO IMPROVE THE SUCCESS RATE OF

TRABECULECTOMY _
It is generally agreed that excessive wound healing at the site of a
trabeculectomy accounts for the majority of surgical failures. In an
effort to improve the success rate of surgery, a number of treatments
designed to retard wound healing have been explored.

; |

1.7.1. Steroids ;
The exact mode of action of glucocorticoids is not fully understood
and some of the literature regarding their role as inhibitors of wound
healing is rather conflicting. On theoretical grounds they would
appear to be active in inhibiting wound healing. However, it is
claimed by some authors; that while an inhibition of wound healing has
been demonstrated in the experimental animal, in the dosages generally
administered, glucocorticoids do not appear to influence wound healing
in the human subject (Walter and Israel, 1979).

When given within the first 2 to 3 days following injury,
glucocorticoids appear to act at many sites in the process of repair,
in the experimental situation. They reduce inflammatory cell
infiltration, particularly affecting macrophages (Leibovich and Ross,
1975). Capillary budding is inhibited and reduced numbers of
fibroblasts are present in the wound with consequently less formation
of fibrous tissue (Ehrlich, Tarver and Hunt, 1973). However, this is
not corroborated by other studies. Some of the differences between the
experimental findings and the clinical effects of glucocorticoids may
be explained by the effect of triamcinolone on fibroblast
proliferation in tissue culture. Triamcinolone acetonide and
dexamethasone sodium phosphate demonstrated a bimodal effect on both
conjunctival and dermal fibroblasts of pigmented rabbits, with
stimulation of fibroblast proliferation at low doses and inhibition at
higher dosages (Blumenkranz, Claflin and Hajek, 1984). When evaluated
using different cell types, namely New Zealand White rabbit retinal
pigment epithelial cells and corneal fibroblasts, dexamethasone had no
significant effect on cell proliferation (Fiscella, Peyman, Elvart, et
al., 1985). This makes it impossible to predict what the final outcome
on wound healing will be when using glucocorticoids in vivo.

-84 -




Steroids have been evaluated in rabbit models of glaucoma filtering
surgery by a number of authors. McGuigan, Cook and Yablonski, (1986)
found that dexamethasone phosphate in the form of 0.05% ointment
applied twice daily, significantly prolonged the patency of a thermal
sclerostomy in albino rabbits, with the time to failure extended from
the control of about 23 days to just under 50 days. However, Miller,
(1988) did not confirm the beneficial effects of steroids on
filtration survival in New Zealand White rabbits. In Miller's study a
suspension of dexamethasone 1% was administered twice daily to rabbits
that had undergone a thermal sclerostomy.

Topical corticosteroids have been incorporated as an adjunct to
trabeculectomy for many years, and their use has become almost
universal. Excellent surgical results are obtainable without them and
they were not advocated by Cairns, (1968 and 198l) or Watson, (1970).
 Even.in high risk patients; namely Nigerian Blacks, success rates for
trabeculectomy of 95.4% without the use of steroids, have been
reported (Thommy and Bhar, 1979). Many of the studies in the
literature are also difficult to compare because different cortico-
steroids at different doses have been investigated. Nevertheless, in a
prospective randomised study, topical prednisolone acetate 1%,
administered for 20 days post-operatively, has been shown to
significantly improve the success rate of trabeculectomy. This was
manifested by a greater average lowering of the IOP when compared to
the controls, and a greater frequency of a clinically detectable
filtration blebs. The oral administration of high dose prednisolone
had no added benefit over topical use alone (Starita, Fellman, Spaeth,
et al., 1985).

The best method of employing corticosteroids is yet to be determined.
Many surgeons use topical drops post-operatively only and continue
them for 4 to 6 weeks. However, Starita, et al., (1985) commenced them
1 day pre-operatively and only continued them for 20 days post-
operatively. Giangiacomo, Dueker and Adelstein, (1986) administered
subconjunctival triamcinolone 4 mg to 15 eyes at high risk of surgical
failure due to episcleral scaring, one week pre-operatively. In this
uncontrolled and anecdotal study very good results were achieved with
only one eye deemed a surgical failure. This study opens up the
possibility that corticosteroids may be more effective if delivered to
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the target tissues well before the trauma of surgery. Clearly further
controlled studies are needed.

The effect of steroids appears to be limited, however. Miller, Joseph,
Wishart, et al., (1987) reported the surgical results in sixteen eyes
that had previously failed trabeculectomy, undergoing a further
trabeculectomy, that received hourly topical 1% prednisolone sodium
phosphate for several months post-operatively. At the end of one year
no improvement was seen in the surgical results when compared with a
previously reported series of similiar patients treated with less
steroid.

Thus, it can be concluded that while corticosteroids may be beneficial
in improving the success rate of trabeculectomy, they have a
relatively limited effect and are not the final answer in recalcitrant

. cases of excessive fibrosis.

1.7.2. Antiprostaglandins
Antiprostaglandins are known inhibitors of inflammation and have
demonstrated activity in the eye in both experimental and in vitro
situations (Unger, Cole and Hammond, 1975). Indomethacin has also been
shown to reduce inflammation and cause less breakdown of the blood-
aqueous humour barrier in patients' eyes after cataract extraction
(Sanders and Rraff, 1984). The effect of antiprostaglandins on
trabeculectomy was therefore investigated by Migdal and Hitchings,
(1982 and 1983). In a double-masked placebo controlled trial
incorporating 30 patients, indomethacin 0.5% drops were administered
60 and 30 minutes preoperatively, and continued three times daily for
one month. There was persistent conjunctival and episcleral wvenous
congestion in the eyes treated with indomethacin and a higher rate of
surgical failure was recorded in this group. The authors postulated
that this may be due to the fact that indomethacin is merely a
cyclooxygenase inhibitor and thus blocks only one arm of the
arachidonic acid cascade, leaving the unapposed lipoxygenase pathway
to form leukotrienes which are powerful inflammatory agents. A drug
which blocks both of these pathways may inhibit postoperative
inflammation in glaucoma surgery. While such drugs are undergoing
experimental evaluation, they are not yet widely available.
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Indomethacin drops have also been employed as part of the post-
operative regime in Japanese patients undergoing trabeculectomy
although they appear not to have been evaluated as a single adjuvant
treatment in the Japanese. Shirato, et al., (1982) prescribed 0.5%
indomethacin drops 3 to 4 times daily in conjunction with topical 0.1%
betamethasone, while Yamashita, et al., (1985), in addition to
indomethacin, administered pre- and post-operative systemic
prednisolone, as well as employing per-operative Helon (sodium
hyaluronate). As mentioned in section 1.2.4. the success rate for
trabeculectomy in the Japanese is generally less than in Caucasians.
While the incidence of complications in the Yamashita series was
significantly less than in the Shirato series, the length of follow-up
in the Yamashita series did not allow the effect of this anti-
inflammatory regime on the post-operative IOP to be evaluated.

Thus, on the basis of the current evidence, indomethacin drops are
contra-indicated in Caucasian patients undergoing trabeculectomy. The.
‘use of indomethacin in association With'glaucoma surgery remains
unsubstantiated in other groups of patients.

1.7.3. Local ionising irradiation
The literature relating to the use of ionising radiation as an adjunct
to glaucoma surgery is generally of extremely poor quality. Beta-
irradiation has been used since the 1930's in the treatment of
superficial conditions of the cornea and conjunctiva, eg. to inhibit
the regrowth of pterygia after surgery. This use was based on the in
vitro sensitivity of fibroblasts to irradiation. Beta-irradiation is
particularly suitable for superficial conditions because of its
relatively limited tissue penetration.

I1iff, (1944) employed beta-irradiation from radon, to reduce the
failure of glaucoma filtering operations in Black patients, believed
to be due to obliteration of the filtering bleb by scar-tissue
formation. In this uncontrolled anecdotal study, 1l eyes were treated.
Eight of the 11 cases were said to be successful. The author felt that
these results warranted further trials of beta-irradiation. In 1959,
Cohen, Graham, and Fry, reported on 10 cases of filtration surgery
performed in Black patients, with the addition of three applications
of beta-irradiation post-operatively. Success was claimed in 8 out of
10 cases, but again these observations were not controlled.
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Similiarly, Cameron (1970) advocated the use of 2,500 rads of beta-
irradiation when reoperating on patients who had previously sustained
unsuccessful glaucoma surgery, or in cases of thrombotic glaucoma.
However, his observations were anecdotal and he advanced no
comparative data in support of his claim. Likewise, in the Japanese
literature there are similiar uncontrolled observations claiming
benefit from the use of beta-irradiation in filtering operations
(Ogino, Masuda and Abe, 1966).

Other indirect evidence supporting the use of beta-irradiation to
affect wound healing comes from a large study of 800 patients over 23
years who received beta-irradiation for a wide variety of conditions
(Barron, McDonald and Hughes, 1970). Poor wound healing was found in 2
patients undergoing cataract extraction some time after receiving
beta-irradiation for pterygia or severe vascularizing keratitis. In
one patient a persistent flat anterior chamber with a wound leak
developed, while the other developed a filtering bleb.

In animal studies, however, a clinically meaningful effect of beta-
irradiation on enhancing the survival time of experimental drainage
surgery has not been found. For example, in rabbit eyes undergoing
surgery, Miller (1988) found that although beta-irradiation delayed
the fibroblastic response in the wound, producing thinner scar tissue
in the early stages, no long-term benefit was achieved. Similiar
effects were found as long ago as 1961 by Grillo and Potsaid, (1961)
who observed that although X-irradiation retarded the contraction of
experimental skin wounds in guinea pigs, all wounds ultimately closed
fully.

There have been few studies on the use of irradiation in conjunction
with trabeculectomy. In a small study of patients undergoing repeat
trabeculectomy, Miller et al., (1987) found no benefit from the
preoperative application of 2,500 rads of beta-irradiation.

In conclusion, although the published studies of irradiation as
a.ngdjunct to filtration surgery are poor, there is no substantive
eVidence that it improves the success rate of surgery.

1.7.4. Anti-metabolites
A number of anti-metabolites have been evaluated as fibroblast
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inhibitors. Much of the initial work was done at the Bascon Palmer Eye
Institute, Miami, Florida, in relation to proliferative
vitreoretinopathy. Blumenkranz, Ophir, Claflin, et al., (1982), having
initially demonstrated that 5-Fluorouracil (5-FU) inhibited rabbit
dermal fibroblast proliferation in tissue culture, showed that intra-
vitreal 5-FU was effective in the treatment of an experimental model
of massive peri-retinal proliferation in the rabbit. In a more formal
evaluation of conjunctival and dermal fibroblasts in-vitro,
Blumenkranz, et al., (1984) investigated a number of anti-
proliferative agents. They found that while doxorubicin was more
potent than fluorouracil, both drugs inhibited fibroblast
proliferation in a dose dependent manner. However, the therapeutic
range of fluorouracil appeared to be better than that of doxorubicin,
indicating a potentially safer therapeutic index.

‘Based on these studies, intra-ocular and peri-ocular 5-Fluorouracil
was used in patients with complicated retinal detachments and

' proliferative vitreoretinopathy (Blumenkranz, Hernandez, Ophir, et
al., 1984). Although this initial study was not controlled, the
retinal attachment rate of 60% at 6 months compared favourably with
other published series. The relatively minimal side effects
encountered led the authors to suggest the further use of 5-FU in
future randomised studies.

At the same time as 5-FU was being evaluated as an inhibitor of
proliferative vitreoretinopathy, the idea of using the drug extra-
ocularly to inhibit wound healing in relation to glaucoma surgery was
raised. Gressel, Parrish and Folberg, (1984), at the Bascon Palmer Eye
Institute initially tested 5-FU in an animal model of glaucoma
surgery. Posterior lip sclerectomies were performed in each eye of 10
normal owl monkeys. One eye of each animal received subconjunctival
injections of 5-FU twice daily for the first post-operative week, once
daily for the next week, and 4 further injections upto 25 days post-
operatively. This dosage regime was empirical. In none of the control
eyes was a drainage bleb present after the second postoperative week.
Two animals died, from uncertain causes, on the eleventh and twenty-
fourth postoperative days. In 5 of the 8 remaining 5-FU treated eyes,
localised, thin-walled, polycystic blebs were present 14 weeks
postoperatively. One additional animal showed a diffuse low bleb. Four
of the eight 5-FU treated eyes demonstrated a patent sclerostomy at 14
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weeks post surgery. The drug had relatively mild side effects in
Gressel's study which encouraged other workers at the same institution
to try the drug in human beings.

Heuer, Parrish, Gressel, et al., (1984) performed a pilot study with
subconjunctivally injected 5-FU in complicated glaucoma patients with
poor surgical prognoses for conventional drainage surgery. Patients
suffering from medically uncontrollable glaucoma in aphakia,
neovascular glaucoma, or glaucoma in phakic eyes following at least
two unsuccessful filtering operations, were included in the study. A
total of 58 eyes underwent either a trabeculectomy or a full-thickness
drainage procedure. In the initial patients 3 mg of 5-FU was injected
subconjunctivally on postoperative days 1 to 14. Thereafter, the dose
was increased to 5 my and administered twice on days 1 to 7 and then
once for the following week. Thus the total dose of 5-FU ranged from 0
- to 125 mg. Intraoperative and postoperative complications influenced
the number of 5-FU injections.

Success in Heuer's study was defined as an IOP less than or equal to
21 mmHg with or without medication, or an IOP less than or equal to
25 mmilg but greater than 21 mmHg without medication. In patients with
aphakia, surgery was successful in 79% of cases; in neovascular
glaucoma a 69% success rate was achieved; while in patients undergoing
reoperation, 89% of cases were successful. Forty five percent of the
eyes developed corneal epithelial defects with occasional ones
persisting for as long as 4 weeks following surgery. Conjunctival
epithelial defects overlying the site of the 5-FU injections also
frequently occurred. One eye developed a sterile conjunctival ulcer
but no infections developed. Subepithelial corneal scarring developed
in 3 eyes, but was only visually significant in 1. Forty one percent
of the eyes developed conjunctival wound leaks or conjunctival needle
track leaks. However, the latter complication was virtually eliminated
by subsequently using taper point needles for suturing. The total
subconjunctival dose used in this study was less than 3% of the total
intravenous dose used in one course of systemic chemotherapy, and
therefore systemic toxicity was neither expected nor observed. Since
this was an uncontrolled study the results could not be compared with
other published series. However, the authors believed that their
results demonstrated an improvement in the surgical prognosis for eyes
at high risk of surgical failure. The relatively limited side effects
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of the treatment led the authors to plan a randomised clinical trial
of 5-FU in filtering surgery.

These observations were further extended in an intermediate follow-up
of the pilot study (Heuer, Parrish, Gressel, et al., 1986). Ninety-
five patients (104 eyes) were enrolled in the study, on 84 of whom at
least 6 months of follow-up was available. Four patients were excluded
from the analysis of surgical outcome because of retinal detachment
within six months of their glaucoma surgery. The dosage regime was the
same as that described above. Using the same IOP criteria for success
as in Heuer, et al., (1984) surgery was successful in 68% of the
aphakic eyes with non-neovascular glaucoma, 81% of the phakic eyes
with non-neovascular glaucoma after unsuccessful filtering surgery and
75% of the eyes with neovascular glaucoma. The initial 104 operations
were complicated by corneal epithelial defects in 50% of cases;
conjunctival wound. and suture track leaks in 36%; suprachoroidal
haemorrhages in 9%; retmal detachments in 3%; subepithelial scarring .
in 3%; endophthalmitis in 2% and malignant glaucoma in 1%. In spite of
these side effects, the nine authors felt that postoperative
subconjunctival 5-fluorouracil increases the likelihood of achieving
IOP control in eyes with a high risk of failure from conventional
surgery. These conclusions have led to the establishment of a multi-
centre controlled clinical trial of 5-FU known as the Fluorouracil
Filtering Surgery Study, in patients with non-neovascular glaucoma in
aphakia and non-neovascular glaucoma after unsuccessful filtering
surgery. Recruitment to the study ceased by the middle of 1988 and the
trial will report one year thereafter.

A further follow-up of the same pilot study was reported in 1987
(Rockwood, Parrish, Heuer, et al., 1987). One hundred and fifty five
patients were followed by life-table analysis for upto 3 years. The
conclusions for this larger number of patients were essentially the
same as those described above. However, statistical analysis failed to
demonstrate a positive correlation between the total dose of 5-FU
administered and surgical success. This suggested that either an
undetermined lower dose of 5-FU might be as effective as the higher
total dosages or that there is a critical period during postoperative
wound healing such that 5-FU injections have their greatest effect in
that period and the earlier or later injections have little or no
added effect on filter survival. This is rather disturbing as the
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Fluorouracil Filtering Surgery Study has been using a high dose of

5-FU, which may compromise its conclusions.

Adjunctive treatment with 5-fluorouracil has been adopted
enthusiastically by a number of authors (Kitazawa, et al., 1987).
However, there is increasing evidence of serious side effects from the
use of the drug. Lee, Hersh), ﬁersten, et al., (1987), emphasised the
importance of corneal epithélial toxicity and conjunctival wound leaks
from 5-FU. Serious corneal complications were reported by Knapp,
Hever, Stern, et al., (1987), following the use of 5-FU. The patients
concerned had pre-existing corneal epithelial defects including
keratoconjunctivitis sicca, exposure keratopathy, and bullous
keratopathy. The complications included bacterial corneal ulceration
in 2 patients, sterile corneal ulceration and corneal perforation in
one patient, and a keratinised corneal plaque with underlying stromal
infiltration in one patient. |

The toxic effect of 5-FU on the corneal epithelium was evaluated in a
rabbit model by Capone, Lance, Friend, et al., (1987) who suggested
that careful titration of the dose of 5-FU could minimize or eliminate
corneal complications while still retaining anti-mitotic activity. The
potential toxicity of 5-FU to the corneal endothelium has also been
studied (Mannis, Sweet and Lewis, 1988), suggesting that the drug
should be used with caution where access to the endothelium is a

possibility eg. after glaucoma filtering surgery.

In an effort to minimize the side effects of 5-FU, Weinreb, (1987),
has advocated titrating the dose of the drug according to the clinical
response. Thus in his study, 5-FU was not administered if there was
evidence of corneal toxicity as demonstrated by epithelial defects or
filaments, flat anterior chamber, or a conjunctival wound leak. Using
a lower total dose of 5-FU than that described in the Bascon Palmer
series described earlier (range 17.5 mg to 62.5 mg), he demonstrated a
similiar surgical success rate with a reduced incidence of
complications. However, conjunctival wound leaks were still observed
in 24% of the 63 eyes in the study and 29% demonstrated corneal
epithelial toxicity.

In summary, 5-Fluorouracil is a potentially useful drug but with
potentially serious side effects. Its mode of administration by
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frequent subconjunctival injection makes it highly unacceptable to
many patients. The results of a controlled trial using 5-FU are not
yet available. As a result of these facts the drug has received very
little use in the United Kingdom. Unequivocal demonstration of a
beneficial effect from 5-FU may make its disadvantages easier to
tolerate and lead to its more widespread use. In spite of a tremendous
amount of investigative work having been performed on 5-FU, the drug
is far from the ideal as an adjunct to glaucoma surgery. Nevertheless,
this work has highlighted the need for further medications to modulate
wound healing in relation to glaucoma surgery.

Concurrently with the investigation of 5-FU, a number of other anti-
metabolites were undergoing evaluation in vitro and in animal models
of proliferative vitreoretinopathy. Wiedemann, Kirmani, Santana, et
al., (1983) demonstrated a dose-response relation using daunomycin to
_control experimental massive periretinal proliferation in pigmented
rabbits, while after initial evaluation of Taxol in vitro, van" ‘

A Boé]cﬁréer, Martin, Thompson, et al., (1985) showed that single
intravitreal injections of the drug significantly reduced the
incidence and extent of proliferative vitreoretinopathy in rabbits.

In an attempt to evaluate alternative antineoplastic drugs for use in
glaucoma surgery, Kwong, Litin, Jones, et al., (1984) investigated the
effect of bleomycin sulphate, cytosine arabinoside and 5-FU as
inhibitors of fibroblast proliferation in rabbit aqueous humour.
Previous work from Herschler's laboratory had shown that aqueous
humour modulated fibroblast growth (Burke, Foster and Herschler,
1982/1983). Therefore in order to simulate conditions prevailing in
the area of a trabeculectomy, the effect of the drugs was investigated
in the presence of aqueous humour. Fibroblasts were derived from
rabbit Tenon's capsule and skin and from human Tenon's capsule removed
peroperatively. Different effects were observed depending on the cell
type under evaluation. While all three drugs markedly inhibited
fibroblast proliferation, the most potent effect on human fibroblasts
was exhibited by bleomycin which caused a ten-fold reduction of
fibroblast proliferation. Combination chemotherapy using various
permutations of these three drugs was shown not to have added
effectiveness in inhibiting human Tenon's capsule fibroblast
proliferation (Litin, Kwong, Jones, et al., 1985). Although bleomycin
has been demonstrated to have potent activity in inhibiting human
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fibroblast proliferation in vitro, it appears to have only been
evaluated in experimental animals to date.

In order to minimize unwanted toxic effects of anti-metabolites used
as adjuncts to glaucoma surgery, and to improve the mode of delivery
of the drugs, various ingenious techniques have been developed. These
have sought by means of a single application, to lower the total dose
of drug administered while still retaining effective drug
concentrations at the operation site. Kay, Litin, Woolfenden, et al.,
(1986), investigated bleomycin containing collagen sponges and
silastic disc implants with a microhole, implanted at the time of
surgery. Collagen implants had the theoretical advantage that they
were biodegradable at the operation site. Their initial studies
confirmed that the implants markedly prolonged the half-life of the
drug in the wound. This prompted the evaluation of 5-FU and bleomycin
_impregnated collagen implants in a small pilot study in rabbits =
undergoing filtration surgery. Both drugs improved bleb survival in
" the rabbit, with blebs treated with bleomycin surviving upto 50 days,
which was 41 days longer than the untreated controls. No toxic effects
were observed with bleomycin but the animal treated with a high dose
of 5-FU showed complications, which were not stated in the paper, and
poor bleb formation.

A similiar technique was employed by Lee, Flores, Anderson, et al.,
(1987) who incorporated 5-FU into a bioerodable polymer composed of
bis (p-carboxyphenoxy) hexane and sebacic acid. Control animals
received a drug-free seton. Favourable effects were seen in terms of
bleb survival in rabbits treated with the drug containing implants.
However, there were more complications such as extrusion of the seton,
hyphaema and corneal haziness, seen in the group of animals receiving
the active drug than in the control animals.

An alternative technique for improving the delivery of medications has
involved incorporation of drugs in multivesicular liposomes which
slowly leak. Skuta, Assil, Parrish, et al., (1987) entrapped
5-fluorouridine 5'-monophosphate (a potent metabolite of 5-FU) in
liposomes, which were administered subconjunctivally to monkeys
undergoing filtration surgery. Delayed wound healing was demonstrated
at the site of the glaucoma surgery but at the expense of severe local
and systemic toxicity. A similiar system for the delivery of 5-FU has
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been devised (Simmons, Sherwood, Nichols, et al., 1988), but is yet to
have its effectiveness demonstrated.

It is obvious that the optimal delivery system of antimetabolites to
the site of glaucoma surgery remains to be determined. However, slow
release biodegradable systems appear to have some theoretical
advantages which still require to be realised in practice.

1.7.5. Collagen anti-cross linking agents (lathyrogens)
McGuigan, et al., (1986) investigated the effects of D-penicillamine
and dexamethasone on glaucoma filtration surgery in rabbits, testing
the drugs alone and in combination. Functioning of the filter was
defined as an IOP in the operated eye 2 mmHg or lower than in the non-
operated eye. No histology was performed in this study. Relative
hypotony can merely be a response to surgery and in other studies
_histological failure of the filter has predated IOP failure (Lee, et
al., 1987). Therefore, the results of this study have to be
' J.nterpreted {vi‘l’:h.caution. The authors found that intraperitoneal
D-penicillamine, in spite of inducing systemic lathyrism was
ineffective either alone or in combination with topical dexamethasone
in extending the duration of function of the filter. Topical
dexamethasone alone and subconjunctival D-penicillamine alone
significantly prolonged the duration of function of the filter,
however when combined, no additional effect was seen. The authors
concluded that topical dexamethasone or subconjunctival
D-penicillamine significantly prolonged the patency of a thermal
sclerostomy in non—glaucomatous rabbit eyes, a conclusion that is hard
to justify on the basis of the data presented.

McGuigan, Mason, Sanchez, et al., (1987), then investigated the use of
D-penicillamine and beta-aminoproprionitrile (BAPN) in experimental
glaucoma filtering surgery in 11 cynomolgus monkeys that had
iatrogenic, laser trabeculoplasty induced glaucoma. Eyes treated with
BAPN or D-penicillamine maintained successful filtration for at least
3 days longer than nondrug-treated controls. While this effect was
statistically significant, it was clearly temporary and of limited
clinical usefulness. In the trial D-penicillamine was administered
subconjunctivally each day for seven days postoperatively, while BAPN
was given both as an ointment and as an intramuscular injection, daily
until filter failure, which was defined as an IOP exceeding 25 mmHg on
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