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Kivalo, M., C. Raitta and T. Mononen: A one-piece ocular drainage implant for glau-
coma surgery: A preliminary report. Acta vet. scand. 1992, 33, 317-324. - A one-piece
silicone filtration implant for glaucoma surgery was evaluated in 18 normotensive
rabbits. During the follow-up period of 60 days the function of the implant and the
effect of the implant on intraocular pressure (IOP) and local reaction in operated
eyes were examined.

Mean IOP in operated eyes during the whole follow-up period stayed in a level that
was statistically significantly (p<0.001) lower than the preoperative starting value.
Despite of a slight inflammatory reaction in the immediate postoperative period the
implants were well tolerated. No marked foreign body reaction were noted around
the implants in histological sections. In 3 eyes the implants had to be removed due to

complications caused by surgical technique.

fistulating surgery.

Introduction

Normal intraocular pressure (IOP) is main-
tained by the balance of aqueous secretion
and outflow. Disturbed balance, mostly due
to increased outflow resistance, leads to
raised IOP which is a risk factor for nerve
fibre loss causing progressive optic nerve
atrophy and a condition called glaucoma. It
is one of the leading causes of blindness in
humans and occurs in animals as a result of
trauma, uveitis, lens luxation or dysgenesis of
the iridocorneal angle.

Uncontrolled glaucoma results in progressive
loss of vision and ultimately blindness. The
rationale for treatment is to enhance blood
perfusion of the optic disc which can be
achieved by the reduction of IOP. The most
effective means to reduce pressure is fistulat-
ing surgery.

The treatment of glaucoma is either medical,
surgical or a combination of both. Parasym-

phatomimetics improve the outflow of aque-
ous and B-adrenergic antagonists and car-
bonic anhydrase inhibitors reduce the secre-
tory activity of the ciliary epithelium. The
purpose of surgical treatment is to create a
new channel for the aqueous humor to leave
the eye. Fistulating surgery fails in high risk
eyes due to scarformation leading to filtra-
tion bleb failure. Among risks for bleb fail-
ure is young age of the patient, secondary
glaucoma and ocular inflammation. Miller et
al. (1989) showed in an animal model that
scleral fistulas were blocked by scartissue by
the 17th day after the operation. When con-
ventional filtration operations fail to control
IOP, ocular drainage implants offer a new
alternative in treatment. At present no com-
mercial implants made specially for domestic
animals (dogs and cats) are available. Since
implants intented for use in the human eye
are not necessarily suitable for use in the ani-
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Figure 1. A one-piece filtration implant for glau-
coma surgery consists of (1) a silicone tube that is
placed into the anterior chamber; (2) a subconjunc-
tivally situated silicone band.

mal eye as such, there is a need for a readily
available economical implant in veterinary
medicine.

The purpose of this study is to evaluate a
low-cost, easy to make silicone implant for
veterinary use.

Material and methods

A 10 mm long silicone strip, width 5.7 mm,
height 1.25 mm, with a U-shaped cross sec-
tion (Retinal Detachment Band no 20, Storz)
was used to construct the implant (Fig.1). A
small notch was cut in one side wall and a 10
mm long medical grade silicone tube with 0.3
mm inside diameter and 0.64 mm outside
diameter was adhered to the notch with
Medical Adhesive Type A (SilasticR). Both
ends of the silicone tube were bevelled to 45°
angle to give maximum opening. The sharp
edges at both ends of the silicone strip were
rounded off.

Eighteen adult normotensive albino rabbits
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were used for the experiment. They were
divided into 3 groups of 4 and 1 group of 6
animals for the different follow-up periods
of 7,17, 30 and 60 days. A group of 5 rabbits
of the same age served as a control for the
IOP measurements.

The animals were anesthetized with a combi-
nation of xylazin hydrochloride (RompungR,
20 mg/ml) 5 mg/kg and ketamine hydrochlo-
ride (KetalarR, 50 mg/ml) 15 mg/kg intramus-
cularly. The cornea and conjunctiva were
topically anesthetized with oxybuprocaine
hydrochloride (Obucain®, 4 mg/ml).

With an operating microscope a fornix based
90 degree incision was made in the dorsal
limbus. Conjunctiva and Tenon’s capsule
were separated from the sclera. The silicone
implant was inserted into the thus formed
pocket 4 mm posterior from the limbus with
the concave side down and sutured at both
ends with one 8-0 silk suture (Virgin SilkR,
Ethicon) to the sclera. A 23G sterile needle
was used to penetrate the cornea into the
anterior chamber at the limbus. The silicone
tube was cut to a length to reach the pupil
and inserted into the anterior chamber
through the paracentesis tract. Contact with
the anterior surface of the iris and corneal
endothelium was avoided. Conjunctiva was
tightened over the implant and sutured with
continuous 8-0 silk suture (Virgin SilkR, Ethi-
con) at the limbus. 0.4 mg dexamethasone
phosphate (Fortecortin®R, 4 mg/ml) was injec-
ted into the ventral subconjunctival tissues.
All animals received as a systemic antibiotic
trimetoprim 2.5 mg/kg and sulphadoxine 12.5
mg/kg (Borgal® vet) subcutaneously for 4
days. Locally chloramphenicol eye ointment
(Oculo-KloritaR, 10 mg/ml) and atropin (Of-
tan AtropinR, 1%) were applied twice a day
for four days.

Measurement of the IOP with a hand-held
applanation tonometer (TonopenR) and bio-
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Figure 2. Postoperative intraocular pressure (IOP) during the follow-up period presented as a moving aver-

age of 3 consecutive measurements.

microscopical examination were performed
daily for the first 3 postoperative days and
then once a week for the rest of the follow-
up period.

The follow-up period for each group of ani-
mals were 7, 17, 30 and 60 days, after which
the animals were euthanized. The eyes were
enucleated and immediately fixed in 10%
neutral phosphate buffered formaldehyde.
For histological examination the eyes were
embedded in paraffin and cut with a micro-
tome to 4 um thick sections and stained with
hematoxylin-eosine.

Paired T-test was used for statistical analysis
of the material.

Results

Local edema and hyperemia of the conjuncti-
va was noted at the site of surgery during the
first week after the operation.

On the first post-operative day fibrin accu-
mulations were seen in the anterior chamber.
They were mostly found around the silicone
tube and between the tube and iris. Most of

5*

the fibrin disappeared from the anterior
chamber between the third and seventh post-
operative days, the remaining fibrin beeing
adhered to the outer surface of the tube.

The effect of the operation to the IOP during
the follow-up period is seen in Fig.2. The
post-operative pressure maintained an even
level during the first 4 weeks after the opera-
tion before showing a tendency to increase.
During the follow-up period the mean IOP
stayed lower than the pre-operative starting
value. No changes in the IOP were noted in
the control group.

No great changes in anterior chamber depths
were seen during the follow-up period. After
the operation the anterior chambers were
shallow for 1 to 3 days. At the inspection
after day 7 no shallow anterior chambers
were noted.

On 3 occasions the implants eroded through
the conjunctiva and had to be removed.
These happened on day 7, 14 and 21.

Signs of iritis (miosis, congestion of the iris,
fibrin in the anterior chamber) were seen in 1
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Figure 3. A section of the filtration bleb wall above the silicone implant 60 days after the operation showing
a layer of connective tissue with well organized collagen bundles, mononuclear cells (white arrow) and occa-
sional polymorphonuclear leucocytes (black arrow) (X450).

eye at the 3rd post-operative day and it was
treated with local dexamethasone eye oint-
ment (Oftan-Dexa-ChloraR).

Histology

All implants were removed from the enu-
cleated eyes after fixation. None of the
implants were adhered to the surrounding
tissues.

At day 7 the implants were surrounded by a
thin layer of loose connective tissue with
irregularly arranged bundles of collagen. A
moderate amount of mononuclear and poly-
morphonuclear leucocytes were lining the
site of the implant, most of the cells beeing at
the vicinity of the limbal incision. In 1 animal
a local area of necrotic material containing
autolytic cells was found under the implant.
This was probably due to hemorrhage during

surgery.
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The capillaries of the iris were dilated in all
eyes, no other histological signs of iritis were
noted. In 1 animal the end of the silicone
tube was adhered to the anterior side of the
iris. In 2 animals eryhtrocytes were found in
the filtration angle and in the trabecular
meshwork.

At day 17 the thickness of the layer of
fibrous tissue around the site of the implant
had not increased much but it had become
more dense and the collagen bundles were
more organized. The number of polymor-
phonuclear and mononuclear leucocytes had
decreased, mononuclear cells beeing the
dominating cell type. They were mostly
found lining the border of the implant. Capil-
lary proliferation of the iris tissue was seen
on the posterior surface of the iris in 1 eye.
No changes were noted in the filtration angle
or in the trabecular meshwork.
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At day 30 the layer of connective tissue lin-
ing the site of the implant was of equal thick-
ness as in the previous samples. The collagen
bundles were well organized. The number of
polymorphonuclear and mononuclear cells
had still decreased, mononuclear cells beeing
clearly in the majority and found almost sole-
ly lining the border of the implant and
fibrous tissue. The persistence of mononucle-
ar cells was propably a result of a mild for-
eign body reaction towards silicone. No
changes were noted in the structures of the
anterior chamber.

Samples studied 60 days after the operation
resembled very much those of the previous
group. The layer of connective tissue was
mature with well organized collagen bund-
less (Fig. 3). Only single mononuclear cells
and polymorphonuclear leucocytes were
found. In 1 eye there were signs of local
adherence between posterior cornea and
anterior iris. No similar changes were noted
in other sections.

Discussion

The aqueous humor is formed by both secre-
tion and diffusion by the epithelium of the
ciliary processes in the posterior chamber.
Most of it flows through the pupil into the
anterior chamber and filtrates through the
trabecular meshwork of the iridocorneal
angle into the intrascleral venous plexus.
Small amount is absorbed through the iris
root and anterior face of the ciliary muscle.
Aqueous humor maintains intraocular pres-
sure, provides nutrition for the cornea and
supports the metabolism of the lens. Mean
applanation IOP of a normal human popula-
tion is 16 £2,5 mm Hg.

Slatter (1990) reports that according to vari-
ous sources the normal canine IOP measured
with Shigtz indentation tonometry varies
between 14-30 mm Hg. Differences in ocular

rigidity among individuals, prior medication,
patient cooperation and state of the instru-
ment explain the great range. Applanation
tonometry is less affected by these and gives
more reliable readings.

Variation of 2-3 mm Hg in tonometric read-
ings is caused by each heartbeat due to the
fluctuation in the intraocular vascular vol-
ume. Respiration causes a slower variation.
The maintenance of the intraocular pressure
is mainly dependant on 2 factors: The rate of
secretion of aqueous and outflow resistance.
The normal flowrate of aqueous humor in
humans and in canine is about 0.20 pl/min
per mm Hg of intraocular pressure (Newell
& Ernest 1974, Slatter 1990).

Surgical treatment is indicated when glauco-
ma control fails despite of maximal tolerated
medication or if there is progress in visual
field defects and in the degree of optic nerve
atrophy. The purpose of the surgical treat-
ment is either to help the drainage of aque-
ous humor through the defective trabecular
meshwork or completely bypass the iridocor-
neal angle by channeling intraocular fluid
through a tube to a reservoir situated in the
subconjunctival space.

The latter can be accomplished with different
types of drainage implants. These consists
usually of a disk made out of polymethylmet-
acrylate (PMMA) (Molteno et al. 1976) or of
a silicone band (Schocket et al. 1982, Joseph
et al. 1986) connected to a silicone tube.
Major postoperative problems in drainage
implant surgery are: flat anterior chamber
and hypotony in the immediate postopera-
tive period, excessive fibrosis around the
implant with IOP increase, anterior chamber
hemorrhage, synechia formation and cata-
ract.

To overcome the complications caused by
postoperative hypotony, the silicone tube of
the implant can be provided with a pressure
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sensitive valve (Hitchings et al. 1987, Krupin
et al. 1976) or the implant may be inserted
using a 2-stage procedure (Molteno et al.
1984, Molteno et al. 1986). This consists of
inserting the episcleral plate or band in the
first stage and several weeks later opening or
inserting the silicone tube into the anterior
chamber. In the 2-stage procedure the time
interval allows enough fibrotic tissue to
encapsulate the episcleral part of the implant
increasing resistence in absorption and thus
preventing prolonged postoperative hypoto-
ny.

Excessive fibrosis around the collective
system can however lead to tube obstruction
and also diminish the permeability and the
surface area of the filtration bleb.

The use of antifibrotic agents (Molteno et al.
1976, Molteno 1983) may partly control
excessive scartissue formation.

Most implants used in humans are not suit-
able for use in animals as such. Their stan-
dardized size does not always fit the varying
size of the globe of different species or
breeds. Their cost is another restricting fac-
tor.

The implant made for the present study is
composed of readily available low cost mate-
rials. In contrast to the Schocket tube and
gutter model it can be put together before
any surgical procedures to shorten the actual
operation time (Schocket et al. 1982).

The construction differs from that of most
commercial models in not having a pressure
sensitive valve at the proximal end of the sili-
cone tube. This was not considered necessary
since post-operative flat anterior chamber is
not a frequent complication in animal eyes
(Bedford 1989) probably because of species
differencies in tissue rigidity and aqueous
formation. The presence of the valve also
increases the risk of fibrotic material block-
ing the tube.
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If desired, a valve can easily be constructed
at the proximal end of the silicone tube by
closing the end of the tube with the same sili-
cone adhesive used to fasten the tube to the
strip and cutting at the side of the tube a slit
to act as a valve. The proper length of the slit
can be determined manometricly to give the
valve a desired opening pressure, usually
between 4 and 20 mm Hg (Hitchings et al.
1987, Krupin et al. 1980).

No flat anterior chambers of long duration
were encountered in the animals used in this
study. The anterior chambers stayed shallow
for 1 to 3 days post-operatively. A contribut-
ing factor was the use of needle paracentesis
to minimize aqueous leakage when introduc-
ing the silicone tube into the anterior cham-
ber and the size of the silicone strip.

The effect of the procedure on IOP can be
seen in Fig 2. The pressure maintained an
even level for the first 4 weeks before it
showed an inclining tendency. This was prob-
ably caused by decreased absorption of the
aqueous humor as a consequence of the
thickening of the scartissue around the
implant. However, during the lenght of the
follow-up period the mean IOP of operated
eyes stayed in a level that is statistically sig-
nificantly lower (p<0.001) than the pre-oper-
ative value. No changes were noted in the
IOP in control eyes.

An adequate surface area of the implant is
important to provide sufficient absorption of
aqueous. Molteno (1981) recommends an
implant with surface area of 270 mm?, Hitch-
ings et al. (1987) report that 800 mm? would
be sufficient. Schocket tube and gutter
device has a surface area of 900 mm?
(Schocket et al. 1982). The total absorptive
surface area around the implant used in this
study was about 114 mm? and can be
increased by lenghtening the silicone strip if
needed.
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Structure of the bleb wall that surrounds the
implant is another factor that controls the
absorption of aqueous. Excessive scartissue
decreases absorption and prevents the
implant from functioning properly. Chemical
antifibroblast agents (Pasquale et al. 1992,
Wilson et al. 1991) have been used to reduce
fibrosis but so far no satisfactory method has
been found. Implant erosion through the
conjunctiva is a commonly reported compli-
cation (Krupin et al. 1983, Hitchings et al.
1987, Sherwood et al. 1987). In this study this
happened in 3 eyes and the implants had to
be removed (on 7th, 14th and 21st post-oper-
ative day). Implant removal caused no com-
plications in the operated eyes. These eyes
were excluded from the statistical material.
In 1 eye the cause for erosion was the place-
ment of the implant too close, about 3 mm,
to the limbus causing excessive pressure on
the limbal sutures at the site of the silicon
tube entering the anterior chamber. The ot-
her 2 were inadequately sutured to the sclera
and moved allowing the edge of the silicone
strip to penetrate through the limbal wound.
To avoid these complications a limbal rather
than fornix based incision might be better by
placing less tension on the sutures. The sili-
cone strip should be situated more posterior-
ly from the limbus (Schocket et al. 1982,
Sarkies & Hitchings 1985) and if it’s length is
increased the ends must be inserted under
the rectus muscles.

In species with greater scleral thickness than
in rabbits introducing the silicone tube into
the anterior chamber under a scleral flap
would reduce the risk of the tube eroding
through the conjunctival tissues (Sherwood et
al. 1987).

Post-operative fibrin formation can prevent
the implant from working properly by block-
ing the tube that channels the aqueous out of
the anterior chamber. Steroids and non ster-

oid anti-inflammatory drugs (NSAID) have
been used to diminish local inflammatory
reaction and reduce fibrin formation.

In the first group of animals the patency of
the tubes was tested by injecting fluorescein
solution into the anterior chamber before
euthanasia and observing it appear in the fil-
tration bleb. In other animals the implants
were tested after they were removed from
the enucleated eyes and found to be patent.
According to different sources (Schocket et
al. 1982, Krupin et al. 1983, Sarkies & Hitch-
ings 1985, Schocket et al. 1985, Sherwood et
al. 1987, Krupin et al. 1988, Fellman & Lynn
1989) the success rate in glaucoma implant
surgery in humans varies between 50% and
95%. The outcome depends greatly on the
type of glaucoma and on the type of the
implant used.

For veterinary patients with congenitally nar-
row iridocorneal angle or when other meth-
ods fail to control IOP ocular drainage
implants offer an alternative to enucleation.
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Sammanfattning
Ett ogondrinerings implant for glaukomkirurgi: En
prelimindr studie.

Ett filtrationsimplantat av silikon i ett stycke for
glaukomkirurgi evaluerades i 18 kaniner med nor-
malt 6gontryck.

Implantatets funktion, inverkan pd 6gontryck och
lokal reaktion i opererade 6gon uppfoljdes under
60 dagar.

Medelvirdet av 6gontrycket stannade under hela
uppf6ljningstiden pa en nivé, som var statistiskt sig-
nifikant ldgre &n det preoperativa vérdet. Med
undantag av en lindrig lokal reaktion just efter
operationen, tolererades implantaten vil. Ingen
ndmnvird frimmandekropp reaktion forekom i his-
tologiska preparat. I 3 ogon mdste implantaten
avldgsnas pa grund av komplikationer orsakade av
kirurgiska tekniken.
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