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Izvlecek

Namen prispevka je obravnavati
PRECLUDE®
perikardialne e-PTFE membrane
na podrocju oftalmologie.

E-PTFE membrana je varna in

vsestransko rabo

ucinkovita pri pokrivanju globo-
kega ali perforiranega roZenicnega
ulkusa kot alternativna kirurska
metoda. Predstavlja dodatno met-
odo 1zbora pokrivanja roZenicne-
ga defekta za ohranitev zrkla ali
odlozitev transplantacije roZenice,
kar je pomembno Se posebej pri
imunsko prizadetih bolnikih. Po
odstranitvi membrane se lahko izve-
de za nekaj mesecev odloZena pene-
trantna keratoplastika kot dokonc-
na oblika zdravljenja, ki ima boljso
prognozo, kot je “a-chaud” kerato-
plastika.

E-PTFE membrana se lahko upora-
blja po trabekulektomiji pri sekund-

Abstract

This article provides an over-
view of the diverse applica-
tions of the PRECLUDE®
pericardial e-PTFE membrane in
ophthalmology.

The e-PTFE membrane was found
to be safe and effective as an alter-
native surgical procedure for per-
forating corneal ulcer closures. It
could be a method of choice for eye
preservation or during delayed cor-
neal transplantation, especially in
immunocompromised patients. Af-
ter membrane removal, penetrating
keratoplasty can be performed as
a definitive treatment with better
prognosis as “a-chaud” keratoplasty
in all eyes, as a prognosis of visual
acuity improvement is expected.
E-PTFE  membrane implanta-
tion for use after uneventfully

performed  trabeculectomy — with
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arnih refraktornih glavkomih, Se posebej po poskodbi,
kjer je kljub operaciji intraokularni pritisk neurejen.
Gre za novo dodatno obliko zdravijenja sekundarnih
glavkomov. E-PTFE membrano lahko uporabimo v tis-
tih primerih, kjer je tveganje uporabe antimetabolitov
visoko. Nas nov kirurski pristop po trabekulektomiji je
preprost in varen ter se lahko uporablja za izboljSanje

filtracije pri vseh oblikah refraktornih glavkomov.
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still-uncontrolled postoperative intraocular pressure
(IOP) in severe refractory glaucoma represents an ad-
ditional approach for treating uncontrolled secondary
glaucoma. This modified trabeculectomy can be used as
surgical treatment and for refractory traumatic glaucoma
cases. The e-PTFE membrane can be used in cases where
antimetabolite-related risk must be avoided. Our new
surgical treatment after trabeculectomy is a simple and
safe procedure and can be used as a filtration-modulating
device in all refractory glaucomas.

INTRODUCTION

The PRECLUDE® pericardial membrane, also
known as a Gore-Tex Patch, is made of expanded
polytetrafluoroethylene (e-PTFE) and is considered
one of the most inert and biocompatible materials. This
non-absorbable material has unique features, including
microporosity, tightness at low pressure, gas and water
vapour permeabilities, and minimal tissue adhesion
during reconstructive procedures (1).

The PRECLUDE® pericardial membrane enables
control over the ingrowth of tissue and artificial
surfaces by adjusting the size of the interstitial space.
The membrane thickness is 0.1 mm with a pore
size of less than 1 pm. This small pore size prevents
tissue ingrowth and limits adhesion between the
membrane and surrounding structures. Histological
examination of explanted e-PTFE membranes reveals
loosely adherent cells at the tissue-membrane interface
with no evidence of collagen or cell infiltration. The
PRECLUDE® pericardial membrane is a white,
opaque material that becomes wet and is transparent
after implantation due to proteinaceous and aqueous
fluid. This occurs in 2-6 weeks and is facilitated by the
material’s thin and microporous qualities (2-8).

The e-PTFE membrane is one of the most chemically
inert and biocompatible materials known. It is a
fluoropolymer comprised of several solid nodes
interconnected by a matrix of thin fibrils. E-PTFE’s
hydrophobicity can prevent the wound area from
postoperatively adhering to adjacent tissue, and can

promote epithelisation with minimal inflammatory
responses. The peculiarity of this non-absorbable
material is microporosity, water tightness at low
pressure, gas and water vapour permeabilities, and the
ability to minimise tissue attachment to the material in
reconstructive procedures. R. Gore patented expanded
polytetrafluoroethylene (e-PTFE) as a highly stable
polymer of tetrafluoroethylene in 1976 (1). The main
feature of e-PTFE is its ability to be incorporated into a
wide range of tissues, and its approval for use in a wide
range of biomedical implantation procedures (9-12).

The PRECLUDE® pericardial membrane is used in
various fields of medicine. The material is used in
vascular surgery as vascular grafts, bypass grafts, hernia
membranes, plastic surgery, reconstructive cardiac
surgeries, gynaecological surgery, and sutures (13-19).
In this review article, we discuss the versatile use of the
PRECLUDE® pericardial membrane in ophthalmology.

USE OF THE PRECLUDE®
PERICARDIAL MEMBRANE FOR
PERFORATED CORNEAL ULCER
CLOSURE

Perforated corneal ulcers must be treated surgically. For
smaller corneal perforations, a therapeutic contact lens
or tissue glue can be used (20,21). For larger corneal
defects, keratoplasty “a-chaud” is indicated. These
procedures are usually associated with poor functional
results (9,15).
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The treatment of perforated corneal ulcers with
“a-chaud” keratoplasty in patients with systemic
autoimmune inflammatory diseases often leads to
postoperative complications, such as poor epithelial
formation and wound healing, repeated corneal melting
processes, and a higher risk of graft rejection (15-18).
The e-PTFE membrane (W. L. Gore & Associates,
Flagstaff, AZ, USA) 1s made of expanded
polytetrafluoroethylene, otherwise known as Gore-
Tex, which 1s considered a chemically inert fabric and
a biocompatible material.

In immunological ulcers, it is recommended to delay
keratoplasty for 6-12 weeks to achieve a better
postoperative outcome. During this time, systemic
immunosuppression can be initiated to gain better
control of the local inflammatory response. Systemic
immunologically mediated inflammation suppression
requires adequate immunomodulatory treatment and
close coordination with an experienced rheumatologist
(15,18).

The e-PTFE membrane was first used in corneal
perforation by Legeais et al. in 1991 (20). Ophthalmic
surgeons previously did not widely use the
PRECLUDE® pericardial membrane. There are only
a few reports on the use of e-PTFE for provisional
corneal coverage in corneal perforation (21,22). In a
study by Amm and Nolle, the e-PTFE membrane was
used to cover an immunological non-perforated corneal
ulcer with descemetocele in six patients. This prevented
corneal perforation, and the plastic implant sealed the
anterior chamber (15). Riifer et al. successfully treated
39 eyes, including 13 with ulcer perforation, with the
e-PTFE membrane (23).

E-PTFE consists of numerous solid knots interwoven
with thin fibres throughout a matrix. This non-
absorbable material’s unique features are its
microporosity, watertightness at low pressure, gas
and water vapour permeabilities, and minimal tissue
adhesion in reconstructive procedures. The usefulness
of e-PTFE membranes has been demonstrated in
experimental and clinical studies (15,16,21-24).
Pahor et al. treated three patients with perforated
corneal ulcers suffering from systemic autoimmune
inflammatory diseases: a 53-year-old male patient with
granulomatosis with polyangiitis, a 66-year-old female
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patient with systemic vasculitis with sclerokeratitis, and
a 56-year-old male patient with Sjégren’s syndrome.
Systemic immunosuppression was initiated by a
rheumatologist (18).

Corneal perforation was successfully covered with an
e-PTFE membrane, and the anterior chamber was
reconstructed (Figs. 1 and 2). None of the patients
had any pain or other complaints. No sign of infection

or inflammation was observed during the follow-up.

'\

Figure 1. Large, deep corneal ulcer with a small
perforation (by permission of Full Prof. Dusica
Pahor).

e . -

Figure 2. The membrane was fixated to the healthy
cornea with several non-absorbable sutures (Prolen
10.0), and the anterior chamber was reconstructed
(by permission of Full Prof. Dusica Pahor).



Figure 3. Three months after surgical treatment,
the e-PTFE membrane was removed. The underlying
cornea was thin, firm, stable, and completely
vascularised, and the deep anterior chamber was
normal, Intraocular pressure was normal after
treatment with local anti-glaucoma medication (by
permission of Full Prof. Dusica Pahor).

The follow-up period was free of complications. The
e-PTFE membrane was removed 3 months after the
surgical procedure in the patient with granulomatosis
with polyangiitis and in the patient with vasculitis, and
8 months after the surgical procedure in the patient
with §j6gren’s syndrome. The underlying cornea was
thin, firm, stable, and completely vascularised (Fig. 3).
Intraocular pressure was normal in all cases; in case
1, local pressure-reducing treatment was required. In
all patients, intraocular pressure was measured using
digital tonometry.

The e-PTFE membrane enables control over the
adhesion of tissue and artificial surfaces. The
membrane thickness is 0.1 mm with a pore size of
less than 1 pm. This small pore size prevents tissue
ingrowth and limits adhesion between the membrane
and surrounding structures. Histologically examined
e-PTFE membranes that were explanted showed
loosely adherent cells at the tissue-membrane interface,
with no evidence of collagen or cell infiltration. The
PRECLUDE® pericardial membrane 1s a white, opaque
material that becomes wet and is transparent after
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implantation due to proteinaceous and aqueous fluid.
This is due to the microporous and thin properties
of the material; the process occurs within 2-6 weeks
(15,18).

E-PTFE shows common biocompatibility and
biostability. Its hydrophobic properties prevent the
wound area from adhering to the surrounding tissue
postoperatively. Previous studies have shown that
e-PTFE promoted epithelialisation, caused a minimal
inflammatory response, and prevented conjunctival
re-adhesion (13,14,25-27).

In our patients, non-absorbable sutures (polypropylene
monofilament 10.0) were used. In all cases, we used
patches with a larger surface area than the melting
perforated ulcers. Special attention was directed to
the design of the appropriate membrane size. If the
membrane was too small, the tissue and material were
strained, which led to suture tears. If the membrane
was too large, this led to wrinkling and incorrect
positioning. A sufficiently large section of membrane
was cut to cover the melting cornea and anchor the
sutures to the firm healthy cornea, thus avoiding suture
complications. Resuturing was not necessary in our
cases. In all cases, only a 0.1 mm thick membrane
layer was used. No recipient trephination or corneal
preparation for the patch was performed.

In our patients, the perforated ulcers were almost
centrally localised. Although the e-PTFE membrane
was opaque, the anterior chamber could be examined
and analysed through the peripheral cornea. This
is an advantage compared to amniotic membrane
transplants. In two patients, visual acuity before
perforation was limited to light perception and hand
movement. Our first patient was already blind.
Another advantage of this treatment is that it can be
carried out under local anaesthetic, which is especially
important for patients with systemic autoimmune
inflammatory diseases.

E-PTFE is commercially available. There is no need
for a corneal bank, as is the case with preparing the
amniotic membrane. Numerous studies have shown that
the amniotic membrane usually reepithelialises. It is
more suitable for covering minor non-perforating ulcers
for better wound healing. The amniotic membrane
1s not sufficiently stable in perforated corneal ulcers
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larger than 2 mm. In ulcers larger than 3 mm, fibrin
glue was used to stabilise the multilayered amniotic
membrane. The insertion of the e-EPTF membrane
is therefore an alternative for the treatment of larger
ulcer perforations.

Patients with immune-mediated corneal ulcers usually
require 2-3 months to benefit from intensive local and
systemic immunosuppressive therapies (15-16,23). A
temporary e-PTFE membrane can reduce the high risk
of graft rejection. In the study of Rufer et al., three-
quarters of patients could be treated with elective
keratoplasty after the initial Gore-Tex patch insertion
(23). It 1s of great importance that no epithelialisation
or progressive vascularisation is observed at the
membrane. The membrane does not stimulate immune
responses, which could increase the risk of graft
rejection during a subsequent corneal transplant.
With regard to the systemic disease, our patients’ eyes
were significantly affected. In the first and second
cases, we aimed to preserve the eye, and in the third,
to prepare it for further surgery.

Our study confirmed the results of previous studies
that the PRECLUDE® pericardial membrane provides
an alternative to surgical treatment of corneal ulcer
perforations in patients with systemic autoimmune
inflammatory diseases. In high-risk patients at risk of
graft rejection, this procedure could be the method
of choice for eye preservation and deferred corneal
transplantation.

ANEW SURGICAL TECHNIQUE
FOR THE TREATMENT OF
SECONDARY REFRACTORY POST-
TRAUMATIC GLAUCOMA AFTER
TRABECULECTOMY WITH THE
PRECLUDE® PERICARDIAL
MEMBRANE

Since the first description of trabeculotomy in 1968,
it has become a standard in the surgical treatment of
glaucoma. With this fistulising treatment, a drainage
system is created through which the aqueous humour is
drained from the anterior chamber of the eye into the
subconjunctival space to reduce intraocular pressure.
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Figure 4. A very thin spatula was used for complete
dissection of the flap from the underlying sclera (by
permission of Full Prof. Dusica Pahor).

Figure 5. The proper size of the PRECLUDE®
pericardial membrane band was obtained by cutting
with a scissors approximately 7 mm long and 2 mm
bright. The membrane was grasped with fine forceps,
as gently as possible, and pushed under the scleral
flap (by permission of Full Prof. Dusica Pahor).

Trabeculotomy is still the most effective treatment for
patients with progressive glaucoma (28,29).

The most common cause for failure of trabeculotomy
for glaucoma surgery is fistula blockage caused by



ingrowth of fibrous tissue or adhesion of the scleral
flap to the scleral bed (29).

In contrast to many other procedures that aim
for complete healing, trabeculotomy aims for
an incomplete wound healing response to allow
permanent drainage of the aqueous humour from
the anterior chamber through the fistula (28). The
healing process in glaucoma surgery must be adjusted
frequently to achieve the appropriate pressure (30).
Despite significant advances in surgical techniques
and postoperative care, excessive scarring and fibrosis
due to increased human conjunctival fibroblast
proliferation and the accumulation of extracellular
matrix of the subconjunctival tissue, as well as scleral
buckling, remain the leading causes of filtering bleb
failure (31,32).

Numerous attempts have been made to halt this
process, including the use of mechanical barriers
or antiproliferative agents. However, alternative
strategies are still needed to prevent failures of surgical
interventions that follow excessive wound healing.
Refractory glaucoma is a severe disease that is very
difficult to treat. It is usually associated with severe
ocular pathologies, such as secondary neovascular
glaucoma and severe ocular injury, especially as
a result of blunt trauma to the eye that does not
respond to medical treatment, laser therapy, or
surgical interventions to reduce intraocular pressure.
Filtering glaucoma surgery, as well as trabeculotomy
with or without antimetabolites, Nd-YAG laser use,
diode laser cyclophotocoagulation, and endoscopic
cyclophotocoagulation are methods that successfully
reduce intraocular pressure in refractory glaucoma in
the short and medium term (33).

The success percentage of filtering surgery in regular
glaucoma patients is 70%-90%, whereas in refractory
glaucoma, it is only 11%-52% (28,34,35).

The upper scleral flap is removed from the lower scleral
bed with a very thin spatula and cauterised (Fig. 4).
A Gore® PRECLUDE® pericardial membrane
measuring 8.0 x 16.0 cm and a thickness of 0.1 mm
was used. A small section was cut from the membrane,
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Figure 6. The membrane was grasped with fine
forceps, as gently as possible, and pushed under
the scleral flap (by permission of Full Prof. Dusica
Pahor).

from which a 7 mm long and 2 mm wide band was then
produced as an implant for covering (Fig. 5).

The e-PTFE implant was placed under the scleral flap
with a spatula and not sutured in place. The membrane
was then pulled over the underlying scleral bed with
fine forceps, leaving a membrane margin of 1-2 mm on
both sides of the lid (Fig. 6). The membrane under the
lid was stable. The lid and the underlying membrane
were covered with conjunctiva, and both membrane
edges could be seen under the lid.

Our results suggest that the implantation of an e-PTFE
membrane under the scleral flap after a trabeculotomy
is a new surgical technique for treating secondary
refractory post-traumatic glaucoma.

This new method is a simple and safe procedure that
can also be used as filtration in all post-traumatic
refractory glaucoma, especially in patients where
anti-metabolite-related risk must be avoided. However,
further studies are needed to confirm this surgical
method as simple and safe for all types of refractory
glaucoma, particularly when anti-metabolite-related
risk must be avoided.
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FURTHER INDICATIONS
FOR THE USE OF E-PTFE IN
OPHTHALMOLOGY

Because e-PTFE is a chemically inert, non-antigenic
tissue well tolerated in situ, it is widely used in
ophthalmology. E-PTFE has been used as a substitute
for silicone seals in scleral buckle surgery and
strabismus surgery for muscle stretching (36). E-PFTE
has also been used as a scleral graft fibre in coralline
hydroxyapatite porous orbital implantation after
enucleation, and as a mucosal substitute in patients
with anophthalmic cavities to keep adjacent bulbar
and palpebral wounds separate and prevent rescarring
(37). E-PTFE also works well as a substitute material
for spacers in treating lower eyelid retraction (38).
It has also been used as a reinforcement material
in glaucoma drainage systems (39-42). In scarring
conditions, such as severe alkaline chemical injury or
ocular pemphigoid, e-TPFE has been used as a spacer
to prevent eyelid melting and to remodel the upper
eyelid or conjunctival fold (43-45). Multi-microporous
insertion of the e-PTFE membrane can provide starting
points for new therapies for treating complicated
multiple recurrent pterygia (46). It is increasingly used
as Gore-Tex sutures for sclera fixated intraocular lenses
and frontalis suspension for congenital ptosis (47-50).
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CONCLUSION

The e-PTFE membrane is a safe and effective
alternative surgical procedure for perforating corneal
ulcer closure. It could be the method of choice for
eye preservation or delayed corneal transplantation,
especially in immunocompromised patients. After
membrane removal, penetrating keratoplasty can be
performed as a definitive treatment in all eyes where
a prognosis of visual acuity improvement is expected.
E-PTFE membrane implantation following
uneventfully performed trabeculectomy with still-
uncontrolled postoperative IOP in severe refractory
glaucoma represents an additional approach for
treating uncontrolled secondary glaucoma. This
modified trabeculectomy can be used for surgical
treatment and for refractory traumatic glaucoma
cases. The e-PTFE membrane can also be used in cases
where antimetabolite-related risk must be avoided.
Our new surgical treatment after trabeculectomy
1s a simple and safe procedure and can be used as a
filtration-modulating device in all refractory glaucoma.
Overall, e-PTFE is a chemically inert, non-antigenic
tissue well tolerated in situ, with many applications in

ophthalmology.
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