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Modulation of Wound Healing Process in
Glaucoma Filtration Surgery: Review

Glokom Filtrasyon Cerrahisinde
Yara lyilesmesi Siirecinin Diizenlenmesi

ABSTRACT Despite the definition and the management of glaucoma have changed substantially
over the past thirty years, intraocular pressure reduction remains the mainstay of glaucoma ther-
apy. Filtration surgery is currently the best strategy for achieving target intraocular pressure and
preserving visual function. In contrast to many other types of surgeries in which complete healing
of tissue with restoration of normal architecture would be a desirable outcome, glaucoma surgery
seeks to achieve incomplete healing that allows aqueous humor out flow. Wound healing process
after glaucoma filtration surgery depends on a wide variety of clinical, physiologic, surgical, and
pharmacologic factors that may affect surgical success. Several surgical and pharmacologic tech-
niques have been introduced to enhance success of filtration surgery. Use of wound healing mod-
ifying agents as 5-fluorouracil and mitomycin C has significantly enhanced the outcomes of
glaucoma surgery but they may be associated with significant sight-threatening complications. Re-
cent developments in molecular and cell biology have greatly enhanced our understanding of the
wound healing process and provided new approaches for designing scar preventing treatments.
These new treatments may offer more specific, safer and local effects for modulation of the scarring
response. In this review some of the old and new agents and the methods which have been used on
the modulation of wound healing process in glaucoma filtration surgery are discussed.
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OZET Glokomun tanimi ve yénetiminin son otuz yilda 6nemli 6l¢iide degismesine ragmen intrao-
kiiler basing diisiiriilmesi halen glokom tedavisinin temelini olusturmaktadir. Filtrasyon cerrahisi
glniimiizde hedef basinca ulasmada ve gorsel fonksiyonu korumada en iyi stratejidir. Normal doku
mimarisinin korunarak tam iyilesmenin istendigi diger bir¢ok cerrahinin aksine, glokom cerrahi-
sinde akoz hiimériin disa akimina izin verecek, tam olmayan bir iyilesme hedeflenir. Glokom filt-
rasyon cerrahisi sonrasinda yara iyilesmesi siireci, cerrahi basariy: etkileyebilen ¢ok ¢esitli klinik,
fizyolojik, cerrahi ve farmakolojik faktorlere baghdir. Filtrasyon cerrahisinin basarisini arttirmak
icin gesitli cerrahi ve farmakolojik teknikler ileri siiriilmiistiir. 5- fluorourasil ve mitomisin C gibi
yara iyilesmesini diizenleyici ajanlarin kullanimi glokom cerrahisinin sonuglarini anlamh 6lgtide iyi-
lestirmis olsa da bunlar gérmeyi tehdit eden ciddi komplikasyonlarla iliskili olabilirler. Molekiiler
ve hiicresel biyolojideki giincel gelismeler yara iyilesmesi siirecini anlamamizi1 6nemli 6lgtide
arttirmis ve skar olusumunu engelleyici tedaviler i¢in yeni yaklasimlar sunmustur. Bu yeni tedavi-
ler skar cevabinin diizenlenmesi i¢in daha 6zgiin, giivenli ve bolgesel etkiler saglayabilirler. Bu
derlemede glokom filtrasyon cerrahisinde yara iyilesmesi siirecinin diizenlenmesinde kullanilan
bazi eski ve yeni ajanlar ve yontemler tartisilmaktadir.

Anahtar Kelimeler: Glokom; filtrasyon cerrahisi; yara iyilesmesi
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espite the definition and the management of glaucoma have
changed substantially over the past three decades, intraocular pres-
sure (IOP) reduction remains the mainstay of glaucoma therapy.
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Currently available treatment modalities applied
in a stepwise process initially include topical drug
therapy (first single then multidrug combinations),
followed by laser and finally surgical treatment.!
Surgical intervention is mandatory in cases in
which progression of glaucomatous optic neu-
ropathy is documented despite maximum tolerated
medical therapy or in cases which patient compli-
ance is poor.? Surgical intervention is also pre-
ferred if local therapy is urgently needed but not
tolerated because of systemic or local side effects,
or regular use of eye drops is not possible because
of patient’s social and physical situation.? Filtra-
tion surgery is currently the best strategy for
achieving target intraocular pressure and preserv-
ing visual function.* In contrast to many other
types of surgeries in which complete healing of tis-
sue with restoration of normal architecture would
be a desirable outcome, glaucoma surgery seeks to
achieve incomplete healing allows aqueous humor
out flow. Recent developments in molecular and
cell biology have greatly enhanced our under-
standing of the wound healing process and pro-
vided new approaches for designing anti-scarring
regimens.’

This article discusses the main titles of the
wound healing process and reviews some of the old
and new agents and the methods which have been
used on the modulation of wound healing process
in glaucoma filtration surgery (GFS).

I CONJUNCTIVAL WOUND HEALING
PROCESS

Conjunctiva shares many features of repair with
skin. Wound healing is a complex and dynamic
process which may be simplified in three phases;
inflammatory, proliferative and remodelling.® Main
stages of wound healing process in conjunctiva are
summarized in Figure 1.

Injury (e.g. surgical conjunctival incisions)
results in both connective tissue and blood vessel
damage. Disruption of the epidermal barrier re-
sults with the release of prestored interleukin-1
(IL-1) and tumor necrosis factor-a (TNF-o).’
Platelets are the first responders, initiating hemo-
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Injury (connective tissue and blood vessel damage)
Platelet aggregation
Hemostasis
Fibrin clot formation
Release of TL-1 and TNF-a, PDGF, TGF-f, and other chemokines

l

The inflammatory phase (24 h-2nd days)
Recruitment of neutrophils, macrophages, and lymphocytes
IL-1, IL-6, FGF, EGF, TGF-p, PDGF, and other chemokines involved

I

The proliferative phase (3rd day-2 weeks)
Stimulation of fibroblasts
Angiogenesis
Fibroplasia
Release of EGF, TGF-p, FGF, and VEGF

l

The remodeling phase (2-3 weeks-for a year or more)
Apoptosis
Wound contraction
Completely matured scar
Mainly TNF-a, IL-1, PDGF, TGF-B, and EGF involved

FIGURE 1: Main stages of wound healing process in conjunctiva.

(Adapted from: Cordeiro MF, Chang L, Lim KS, Daniels JT, Pleass RD, Siri-
wardena D, Khaw PT. Modulating conjunctival wound healing. Eye (Lond).
2000; 14: 536-547).

stasis through fibrin clot formation. The resulting
clot induces hemostasis and provides a matrix for
the influx of inflammatory cells. Platelets also se-
crete growth factors such as: epidermal growth
factor (EGF), platelet-derived growth factor
(PDGF), transforming growth factor-f (TGF-f)
and several chemokines. These substances pro-
mote recruitment of inflammatory leukocytes to
the site of injury.?

Inflammatory phase begins with the recruit-
ment of neutrophils, macrophages, and lympho-
cytes.® First inflammatory cells recruited are
neutrophils. They infiltrate massively into the
wound during the first 24h post injury and at-
tracted by the numerous inflammatory cytokines
produced by the activated platelets, endothelial
cells, as well as by the degradation products of
pathogens. Neutrophils enter apoptosis soon after
infiltrating the wound. Release of cytokines during
this apoptotic process is an important component
in macrophage recruitment. Macrophages infiltrate
into the wound massively in 2 days post injury and
exacerbate an intense phagocytic activity in this
stage.” Macrophages play important roles in aug-
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menting the inflammatory response and tissue de-
bridement. Macrophages also initiate the develop-
ment of granulation tissue and release a variety of
proinflammatory cytokines (IL-1 and IL-6) and
growth factors (fibroblast growth factor [FGF],
EGF, TGF-f, and PDGF).”

Proliferative phase starts on the third day of
wound healing and lasts for about 2 weeks. In this
phase of healing, cellular activity predominates.
The major events during this phase are creation of
a permeable barrier (ie, reepithelialization), estab-
lishment of appropriate blood supply (ie, angio-
genesis), and reinforcement of the injured tissue
(ie, fibroplasia).!* Within hours of injury, release of
EGF, TGF-B, and FGF stimulate epithelial cell mi-
gration and proliferation, resulting in the initiation
of reepithelialization. Activated macrophages re-
lease PDGF, TGF-p1, and FGF that stimulate fi-
broblasts to proliferate and migrate into the wound
space. Fibroblasts produce a new extracellular ma-
trix (ECM) required for cell growth.!' Neovascu-
larization is essential for the synthesis, deposition
and organization of a new ECM. During this com-
plex process, endothelial cells proliferate and mi-
grate through the extracellular matrix to form
capillary buds. The main stimuli for the endothelial
cell proliferation are the release of FGF and vascu-
(VEGF) by
macrophages and damaged endothelial cells."

lar endothelial growth factor

Remodelling phase begins 2-3 weeks after in-
jury and lasts for a year or more. Wound contrac-
tion that has already begun in the proliferative
phase extends. During this stage, all of the
processes activated after injury wind down and
cease. Most of the endothelial cells, macrophages
and fibroblasts undergo apoptosis (that is, pro-
grammed cell death) or exit from the wound, leav-
ing a mass that contains few cells and consists of
mostly collagen and other extracellular-matrix pro-
teins.! The final result is a completely matured scar
with a decreased number of cells and blood vessels
and increased tensile strength. The main cytokines
involved in this phase are TNF-«, IL-1, PDGF and
TGF-B produced by fibroblasts. In addition to
these, there are other cytokines produced by ep-
ithelial cells such as EGF and TGF-f."2
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I MODULATION OF WOUND HEALING
PROCESS IN TRABECULECTOMY

SURGICAL TECHNIQUE

Care should be taken to decrease tissue trauma in
all steps of GFS. Meticulous hemostasis is essential
in minimizing the number of inflammatory cells in
the surgical field. This may be achieved by not cut-
ting the large vessels, especially the anterior ciliary
arteries and adequate cautery without excessive tis-
sue contraction.* Gentle tissue handling is essen-
tial. Smooth or blunt-tipped forceps should be used
to grasp the Tenon capsule while avoiding direct
instrument contact with conjunctiva. Suture mate-
rial should be carefully selected to minimize tissue
reaction. Closure of the scleral flap can be per-
formed using 10-0 nylon on a spatula cutting nee-
dle. When a limbus-based conjunctival flap is used,
closure of the Tenon capsule and conjunctiva,
preferably in separate layers, can be accomplished
using 8-0 polyglactin on a fine, tapered-tip nee-
dle.

CORTICOSTEROIDS

Corticosteroids reduce and regulate wound healing
through inhibition of macrophage functions such
as phagocytosis and release of enzymes like colla-
genase, plasminogen activator, and growth factors
and thus suppress inflammation. In the regenera-
tion phase, corticosteroids inhibit conversion of
membrane phospholipids to arachidonic acids,
which act as chemotactic factors. Corticosteroids
also inhibit vascular permeability and fibroblast
proliferation.’ Starita and colleagues demonstrated
topical, postoperative administration of corticos-
teroids to be clearly effective in improving the suc-
cess rates of GFS.'® Subsequently they reported
improved long-term outcomes (5-year and 10-year
follow-up) in those eyes that had received corti-
costeroids after GFS.'”'® In another study tra-
beculectomy with intraoperative sub-Tenon
injection of triamcinolone acetonide for the treat-
ment of secondary glaucoma neither increased the
intermediate-term success rate nor decreased post-
operative complications of trabeculectomy. Intra-
operative sub-Tenon injection of triamcinolone
acetonide was associated with a fewer number of
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laser suture lysis.'” Additional studies are needed to
demonstrate optimal dose and duration of corti-
costeroid use following trabeculectomy.

NONSTEROIDAL ANTI-INFLAMMATORY AGENTS

Nonsteroidal anti-inflammatory drugs are a het-
erogeneous group of agents that inhibit the enzyme
cyclooxygenase from converting arachidonic acid
into  prostaglandins and  thromboxanes.
Prostaglandins are biologically active lipids with a
diverse spectrum of activity and have been demon-
strated to be potent mediators of ocular inflamma-
tion." Topical ketorolac or fluorometholone use for
one month before surgery was found to be associ-
ated with improved trabeculectomy outcomes. In
the fluorometholone group, there was a signifi-
cantly reduced need for additional postoperative
IOP-lowering medication compared with the ke-
torolac group.” Kent and coworkers evaluated the
efficacy and safety of diclofenac 0.1% versus pred-
nisolone acetate 1% following trabeculectomy with
adjunctive mitomycin-C. They found similar in-
traocular pressure results when either diclofenac
or prednisolone acetate was prescribed postopera-
tively for intraocular inflammation.?! In a rabbit
model of GFS, the postoperative anti-inflammatory
effects of diclofenac were demonstrated to be sim-
ilar to those of prednisolone acetate.”

MITOMYCIN C AND 5- FLUOROURACIL

Use of wound healing modifying agents as 5- fluo-
rouracil (5-FU) and mitomycin C (MMC) has sig-
nificantly enhanced the outcomes of glaucoma
surgery.”

5-FU is a halogenated pyrimidine analog, and
acts as a competitive inhibitor of thymidylate syn-
thetase. It becomes incorporated into DNA and
RNA within actively replicating cells, leading on
to defective protein synthesis, and thus interfering
with the cell growth cycle.?* Subconjunctival in-
jections of 5-FU may be administered in an undi-
luted concentration (50 mg/mL). The injection is
usually given 90° to 180° from the trabeculectomy
site. Intraoperative application of 5-FU is carried
out with an amputated tip of a methylcellulose
sponge soaked in a 50 mg/mL solution of 5-FU
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which placed between the conjunctiva/Tenon cap-
sule and episclera for 5 minutes.'*

Mitomycin C is an alkylating agent, which
cross-links DNA and inhibits the synthesis of pro-
tein and DNA, as well as inhibits mitosis. It is ef-
fective for increasing the success of glaucoma
surgery through its inhibition of the proliferative
phase of the wound-healing pathway. Mitomycin-
C functionally inhibits and kills Tenon fibroblasts,
providing a potent inhibitory effect on the scarring
response and also has potent antiangiogenic prop-
erties.”> MMC is approximately 100 times more po-
tent than 5-FU (Comparison of intraoperative
topical application doses of 5-FU and mitomycin C
which are 50 mg/cc for 5-FU and 0.5 mg/cc for
MMC)." Application of intraoperative subcon-
junctival MMC in trabeculectomy is similar to that
described earlier for 5-FU. Clinical protocols vary
with concentrations from 0.2 to 0.5 mg/mL and ex-
posure times from 1.0 to 5.0 minutes, depending on
the specific clinical situation and discretion of the
surgeon.'

Application of MMC or 5-FU in glaucoma fil-
tration surgery is sometimes associated with seri-
ous adverse effects including loss of corneal
endothelial cells, cataract formation, bleb leaking,
scleral necrosis and melting, iritis, hypotonous
maculopathy, blebitis and endophthalmitis.?®?” As
a result of its biological potency with prolonged cy-
tological toxicity occurring following its applica-
tion, MMC is associated with development of
potentially severe side effects and complications as
compared to 5-FU." Since the toxic effects of MMC
and 5-FU have been serious, more selective and less
toxic agents have been investigated to suppress the
wound-healing process in GFS.

CYCLOSPORIN-A AND TACROLIMUS

Cyclosporin-A and tacrolimus are both potent im-
munosuppressive drugs commonly used for reduc-
ing the incidence and severity of allograft rejection
after organ transplantation. Cyclosporine and
Tacrolimus share the same pharmacodynamic
property of activated T-cell suppression via inhibi-
tion of calcineurin. Inhibition of calcineurin im-
pedes calcium-dependent signal transduction, and
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inactivates transcription factors (NF-AT) that pro-
mote cytokine gene activation, because they are di-
rect or indirect substrates of calcineurin’s
serine-threonine phosphatase activity. As a conse-
quence, the transcription of cytokines IL-2, IL-3,
IL-4, IL-5, interferon- g, TNF-, and granulocyte-
macrophage colony-stimulating factor are sup-
pressed. Tacrolimus is 50 to 100 times more potent
than cyclosporin-A.?® Topical cyclosporine has
been demonstrated to be safe and effective for
using as an antimetabolite in trabeculectomy.” In
other studies it was found that intraoperative or
postoperative treatment with cyclosporin is not as-
sociated with a decrease in intraocular pressure or
prolonged bleb survival but it improves subjective

ocular surface symptoms.303!

OCTREOTIDE

Octreotide is a synthetic octapeptide analog of en-
dogenous somatostatin with more potency and
longer half-life and has both antisecretory and an-
tiproliferative properties.® In our study, topically
administration of tacrolimus and octreotide effec-
tively reduced the subconjuntival scarring response
2 weeks after experimental glaucoma filtration sur-
gery. We did not see any corneal and conjunctival
toxicity in histologic preparates.®

SIROLIMUS

Sirolimus, also known as rapamycin is a macrolide
currently used as an immunomodulatory medica-
tion, an anti-tumor agent, or an anti-viral agent,
featuring low toxicity and high efficiency. It pre-
vents activation of T cells and B-cells by inhibiting
their response to interleukin-2.34% Sirolimus sus-
tained delivery film safely and effectively inhibited
inflammation and fibroblast proliferation in rabbit
eyes during GFS.*

MYCOPHENOLATE-MOFETIL

Mycophenolate-mofetil (MMF), an immunosup-
pressive drug, is used to prevent graft rejection after
kidney and liver transplantation. It is a reversible
inhibitor of inosine monophosphate dehydroge-
nase. This is the rate-limiting enzyme in de novo
synthesis of guanosine nucleotides. T- and B-lym-
phocytes are more dependent on this pathway than
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other cell types.¥” Mycophenolate-mofetil had a
concentration-dependent antiproliferative effect
on human tenon fibroblasts in cell culture without
any detected cytotoxicity.*

ANTI VEGF AGENTS

Vascular endothelial growth factor (VEGF) not
only has a role in angiogenesis, but also has a direct
effect on fibroblast activity that may be modified
directly at the time of filtration surgery. Elevated
VEGF levels are found in the aqueous of patients
with glaucoma who need trabeculectomy. In these
patients, VEGF levels are increased to a higher
level after surgery. The evidence shows that both
preexisting VEGF in aqueous and postoperative el-
evation of VEGF can be suppressed by either a
combination of subconjunctival and intracameral
injections of anti-VEGF agents or by a single in-
travitreal injection.®* Nilforushan and coworkers
found that adjunctive subconjunctival beva-
cizumab with trabeculectomy is effective in con-
trolling the IOP profile; however, its effect is less
prominent than that of MMC. They injected 2.5 mg
(0.1 mL) bevacizumab (Avastin) at the site of the
scleral flap using a 30-gauge needle after suturing
the conjunctiva. The site of the needle entrance
was at least 8 mm away from the site of injection to
prevent any leakage.*® Sedghipour and associates
reported that low dose (0.2 mg) subconjunctival be-
vacizumab is not found to affect the trend in in-
traocular pressure more than placebo after
trabeculectomy for open-angle glaucoma.* In an-
other study trabeculectomy was performed either
with an adjuvant 5% solution of 5-fluorouracil ap-
plied for 4 minutes intraoperatively or with 1.25
mg of bevacizumab injected subconjunctivally just
before and after the surgery and repeated 1st and
7th days after surgery. The 12-month intraocular
pressure results showed no significant difference
between the two groups of patients. However, to
obtain successful intraocular pressure control, more
patients in bevacizumab group needed medical
anti-glaucomatous treatment.*’ In another study,
bevacizumab in combination with 5-FU resulted in
a greater antifibrotic effect compared with
monotherapy with 5-FU or bevacizumab alone and

111



Mete GULER et al.

MODULATION OF WOUND HEALING PROCESS IN GLAUCOMA FILTRATION SURGERY: REVIEW

prolonged bleb survival.* Kahook reported that
combination of intravitreal ranibizumab and topi-
cal MMC at the time of trabeculectomy resulted
with more diffuse blebs and less vascularity when
compared to use of topical MMC alone.* Prospec-
tive multicenter studies are still lacking for these
pharmacotherapies and studies will be needed to
better outline proper treatment regimens, most ap-
propriate route of delivery, and optimum dose for
each anti-VEGF agents.*

BETA RADIATION

Constable et al. reported that growth inhibiting
doses of beta radiation did not inhibit fibroblast mi-
gration or contraction in tissue culture. It did not
significantly affect cellular migration or contrac-
tion, but ECM production was altered. Fibronectin
production was inhibited following higher radia-
tion doses, and collagen type I and III production
were increased after 1000 cGy of beta radiation.®
Beta radiation-augmented trabeculectomy reduces
the risk of surgical failure compared to standard
trabeculectomy. It may be clinically useful but the
comparison of both its effectiveness and safety with
other more widely used antimetabolites is not
known. Data on its adverse effects are limited. The
specific role of beta radiation is still unclear and
this depends on there being more evidence avail-
able to guide practice.*

DECORIN

Decorin is a small proteoglycan consists of a single
glycosaminoglycan side chain linked to a core pro-
tein. Decorin exerts an antiproliferative effect, ei-
ther directly by upregulating cyclin-dependent
kinase or through its ability to interact with growth
factors. Decorin binds to the potent wound-heal-
ing factor TGF- 3 and inhibits its biological activity
in a number of cell types.*” A pilot study demon-
strated that locally applied decorin improves GFS
results in a rabbit model.®

PACLITAXEL

Paclitaxel is used successfully in the treatment of
malignant solid tumors such as ovarian and breast
cancer as well as non small cell lung cancer. Pacli-
taxel binds to and stabilizes microtubules of the mi-
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totic spindle, and thereby inhibits cell division.*
Paclitaxel dose-dependently inhibited both prolif-
eration and migration of the human Tenon’s fi-
broblasts and reduced collagen production in the
cell culture medium.”® Paclitaxel has been demon-
strated to provide MMC-like antifibrotic effects
during conjunctival wound healing in the rabbit
eyes.”!

PIRFENIDONE

Pirfenidone is a pyridone derivative which has
anti-fibrotic and anti-inflammatory effects. It ex-
erts its down regulating effects on a series of cy-
tokines, including TGF-f, connective tissue growth
factor, PDGF, and TNF-a.>? It has previously
shown that pirfenidone can prevent proliferation,
migration and collagen contraction of human
Tenon’s fibroblasts in vitro.>® Postoperative use of
pirfenidone 0.5% eye drops reduced the wound-
healing response in surgical sites and associated
with improved trabeculectomy bleb survival in a
rabbit model of GFS.>*

SURAMIN

Suramin was originally synthesized and designed
as an antiparasitic drug. Suramin is a heparin ana-
logue; it binds to heparin binding proteins. The
substance blocks the effects of growth factors and
interferes with the action of growth factors by
competitive binding to growth factor receptors.
Growth factors inhibited by suramin are, TGF-q,
PDGF, EGF, FGF, and insulin-like growth factor.
Therefore, cytokines that have important roles on
the stimulation of fibroblasts in wound healing
process are affected.’ In an animal model it was
shown that suramin is highly effective in prevent-
ing scarring following filtering procedures for glau-
coma.*® In a clinical study suramin was compared
with MMC in advanced stages of complicated glau-
coma patients. The use of suramin was associated
with fewer cases of severe hypotony, choroidal de-
tachment, and severe visual loss as compared to
MMC, while the success rates were similar.””

TRANILAST

Tranilast is a derivative of anthranilic acid and has
been used as an antiallergic drug for 20 years.

Turkiye Klinikleri ] Ophthalmol 2013;22(2)
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Along with the antiallergic action that inhibits the
release of chemical mediators such as histamine
and leukotriene. This drug reduces the release of
cytokines such as interleukin and TGF-f1 and in-
hibits collagen synthesis.’® Chihara and coworkers
investigated the effects of topical instillation of
tranilast 0.5% eye drops on intraocular pressure
(IOP) and bleb formation after GFS in a prospec-
tive, randomized, double-masked, and controlled
clinical trial. The patients were randomly assigned
to receive either tranilast 0.5% eye drops or vehi-
cle saline solution 4 times daily for 3 months after
trabeculectomy. The bleb sizes were significantly
larger at 6 and 12 months, and reduction of the IOP
was more significant for 2 years postoperatively in
tranilast-treated eyes than control eyes. No vision-
threatening side reactions were associated with
tranilast.”® In a pilot study Spitzer and associates
performed GFS on chinchilla rabbits, similar to that
in clinical practice. They used UV-cross-linked
hyaluronic acid as a release-system for tranilast.
They finally suggested that the intraoperative ap-
plication of UV-crossed linked hyaluronic acid
used as a slow release system for tranilast may im-
prove the surgical outcome of GFS.%°

CHYMASE INHIBITOR

Chymase is a chymotrypsin-like serine protease
contained in the secretory granules of mast cells.
Previous reports demonstrated that chymase in-
duces the accumulation of neutrophils, eosinophils
and other inflammatory cells.®' In a hamster model
of glaucoma surgery, chymase activity and the
number of chymase-positive mast cells in conjunc-
tival tissues were significantly increased during the
wound healing process.®?> Maruichi and colleagues
evaluated the effect of dog chymase on cell prolif-
eration of fibroblasts established from canine
Tenon’s capsule and the effect of a chymase in-
hibitor (CI) on scarring in a canine conjunctival
flap model. In cultured canine Tenon’s capsule fi-
broblasts, dog chymase significantly increased cell
proliferation, and this chymase-dependent prolif-
eration was completely suppressed by the CI. In the
canine surgical model, chymase activity in placebo-
treated eyes was significantly increased compared
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to control eyes, while it was significantly decreased
by treatment with the CI. Scores for adhesion de-
gree in the Cl-treated eyes were significantly de-
with
placebo-treated eyes.®® Effect of gelatin hydrogel

creased in  comparison those in
(GH) containing a CI on intraocular pressure and
conjunctival scarring was investigated in a canine
model of glaucoma surgery. The implantation of
GH maintained the IOP reduction and bleb forma-
tion for a longer duration compared with that in
the control animals. The GH containing a CI pro-
longed the effect through the gradual release of the
CI, which suppressed the cell-proliferative effect
of chymase.®

INTERFERON-0.2B

Interferons are cytokines that exhibit antiprolifer-
ative, antifibrotic, and antiviral effects in several
cell types.® A prospective randomized study in-
vestigated the safety and potential efficacy of sub-
conjunctival interferon-a2b (IF-a2b), either alone
or in combination with 5-FU in reducing the risk of
failure of glaucoma surgery. The results were con-
sistent with a beneficial effect of IF-a2b given ei-
ther alone or in combination with 5-FU after
glaucoma surgery.® Wang et al investigated the ef-
fectiveness of needle revision combined with sub-
conjuctival injection of IF-a2b in reversing early
scarring of filtering blebs following trabeculectomy
surgery. Twenty-five glaucoma patients (31 eyes)
who presented with scarred or encapsulated filter-
ing bleb after glaucoma surgery underwent needle
revision in combination with subconjuctival injec-
tion of IF-a2b and were followed for 12 months.
At the 12-month follow-up visit, 18 eyes (58.1%)
achieved complete success in IOP control, and 6
eyes (19.4%) had conditional success. The overall
success rate for needling was thus 77.4%. Subcon-
junctival hemorrhage was observed in 4 eyes dur-
ing the needle revision procedure. Punctate
staining was found in the corneal epithelium of 2
eyes. Shallow anterior chamber (Grade I or II) was
identified in 5 eyes. The authors have suggested
that slit-lamp needle revision combined with sub-
conjunctival injection of IF-a2b may be efficacious
in the treatment of early scarring of filtering blebs,
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is easy and safe to perform, and may be considered
for more widespread application.®’

ILOMASTAT

Cell migration is facilitated by the release of ma-
trix metalloproteinases (MMPs) that proteolytically
break down the surrounding ECM, thus creating a
path for cell movement.® Collagen and ECM pro-
duction by fibroblasts is remodeled with continu-
ous synthesis and breakdown of the matrix. The
amount of ECM turnover at the wound depends on
the extent of MMP activity.® Cell-mediated colla-
gen gel contraction in vitro has been shown to be
inhibited by ilomastat, a broad-spectrum MMP in-
hibitor, without evidence of cellular toxicity.”
Wong and coworkers designed a randomized,
prospective, masked-observer study to determine
the long-term antiscarring effect of ilomastat treat-
ment after experimental GFS. The animals in this
study were randomly allocated to one of three
treatment regimens: intraoperative MMC or post-
operative subconjunctival injection of 0.1 mL of
100 uM ilomastat or phosphate buffered saline as
the vehicle control. Ilomastat significantly im-
proved surgical outcome compared with vehicle (P
< 0.0163) and length of bleb survival was similar to
the MMC group. The mean day of failure was 46.2
(range, 42-60) with ilomastat, 51.3 (range, 49-60)
with MMC, and 16 (range, 15-21) with vehicle.
IOP maintenance with ilomastat was similar to that
in the MMC group. Histologically, minimal scar tis-
sue was seen with MMC and ilomastat. MMC-
treated tissue demonstrated subconjunctival
hypocellularity associated with peripheral fibrosis.
Ilomastat resulted in normal-appearing conjuncti-
val morphology.”!

GENE THERAPY

Adenovirus-mediated delivery of p27 (KIP1): Cell
cycle progression is regulated by a combination of
positive and negative regulators. It is activated by a
family of cyclins and cyclin-dependent kinases
(CDKs). On the other hand, the CDK inhibitors
(CKIs) negatively regulate progression of the cell
cycle by inhibiting the activity of cyclin-CDK com-
plexes. p27KIP1, a member of the CKI family, plays
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a pivotal role in the control of cell proliferation.”?
A low level of p27KIP1 expression was correlated
with high proliferative and migratory capacity,
whereas nuclear accumulation of this CKI was as-
sociated with a quiescent and static phenotype.”
Yang et al constructed a p27KIP1-expressing aden-
ovirus (Ad-p27) vector and administered it to a rab-
bit model of GFS by subconjunctival injection.
They used phosphate-buffered saline (PBS) and
MMC as controls. Ad-p27 enhanced the surgical
outcome and inhibited cell proliferation when
compared with PBS. Histological analysis showed
that total cell numbers were markedly reduced,
and less scar tissue was observed at the surgical site
in eyes treated with Ad-p27. Ad-p27 administra-
tion significantly improved the outcome of filtra-
tion surgery and inhibited postoperative
proliferation in rabbit eyes.”

P21 WAF-1/cip-1 gene transfer: This trans-
gene product normally blocks entry of dividing
cells into S phase of the cell cycle by antagonizing
the activity of several cyclin-dependent kinases.””®
Heatley and coworkers used a recombinant aden-
ovirus (rAd) to introduce the human gene for p21
WAF-1/cip-1 (p21) into monkey eyes in a hyper-
tensive model of glaucoma surgery. Eyes treated
with p21 exhibited open surgical ostomies by both
functional and histological criteria, and did not dis-
play any side effects seen in control animals that
were treated with MMC.””

RAD50 gene therapy: hRAD50 has been found
to have antitumor activity. The mechanism of
hRAD50’s antitumor activity is unknown, but it
appears to involve a reduction of angiogenesis
through the activity of NO as well as p21-caspase-
dependent direct cytotoxic action.” Over expressed
hRAD50 has an antiproliferation activity in vitro
and in vivo in a p21-dependent manner.”” An-
tiproliferative effect of the subconjunctival injec-
tion of human RAD50 (hRAD50) on fibroblasts in
GFS was investigated in rabbit eyes. The subcon-
junctival injection of hRAD50 was performed after
GFS. Morphologic changes in the subconjunctival
area of hRAD50-treated eyes were compared with
those of MMC-treated and control eyes using light
and electron microscopy. Histologic antiprolifera-
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tive effects of local hARADS50 on the conjunctival fi-
broblasts were similar to those of MMC without
damaging to the basal lamina of the conjunctival
epithelium. These findings suggest that injection of
hRAD50 may be useful as a possible antifibroblas-
tic agent for GFS.%

HUMAN AMNIOTIC MEMBRANE

Human amniotic membrane, known for its antifi-
brotic, anti-inflammatory and anti-angiogenic
properties, suppresses TGF-f3 and has been tested
as an adjuvant in high-risk glaucoma filtration sur-
gery, as a substrate for the repair of leaking glau-
coma blebs, and for the management of tube
exposure following tube shunt surgery.®! In a ran-
domized human study subconjunctival (over the
scleral flap) placement of amniotic membrane
showed favorable effects on bleb survival.®!

HYALURONIC ACID FILM

Solid hyaluronic acid-carboxymethyl cellulose film
which was inserted under and above the scleral
flaps inhibited the formation of postoperative ad-
hesion around the conjunctiva and sclera in an ex-
perimental study. This material functioned as a
barrier to contact between separated tissues by
which the postoperative formation of adhesions
was reduced and delayed. Furthermore, because
the film was comprised hyaluronic acid and sodium
carboxymethylcellulose, no subsequent removal
procedure was required, as the materials were
eventually absorbed into the body.%

BIODEGRADABLE, POROUS COLLAGEN MATRIX

Implantation of a biodegradable, porous collagen
matrix in the subconjunctival space avoided early
scar formation and maintained long-term IOP con-
trol by creating a loosely structured filtering bleb in
rabbit eyes.®

PHOTODYNAMIC THERAPY

Photodynamic therapy (PDT) is a minimally inva-
sive treatment that utilizes the combination of a non-
toxic dose of light-sensitive molecules, known as a
photosensitizer (PS), with the application of light at
a wavelength appropriate to excite the PS and tissue
oxygen in order to generate tissue damage.? The re-
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active oxygen intermediates produced during pho-
toactivation of the PS may cause direct cytotoxicity
or indirect effects by damaging the local vascular sys-
tem within the targeted area.® Photodynamic ther-
apy can cause regression of neovascularization and
death of scleral and Tenon’s fibroblasts in vitro and
has shown promising results in the modulation of
wound healing in GFS in both rabbits and humans.%
Stasi and coworkers evaluated the safety and efficacy
of postoperative verteporfin photodynamic treat-
ment as an adjunct to experimental GFS in rabbits.
The experimental group underwent i.v. injection of
verteporfin and subsequent photoactivation at the
operative site on postoperative day 1. Blebs in the ex-
perimental group differed from those in the control
groups histologically, lacking significant collagen
deposition in the area of the sclerostomy. They pro-
posed that wound healing in glaucoma surgery may
be successfully modulated postoperatively using
photodynamic therapy with i.v. administered PS.%
Jordan and associates combined trabeculectomy with
photodynamic therapy in 42 consecutive eyes of 36
glaucoma patients. Patients received one subcon-
junctival injection of 80 ug BCECF-AM (2, 7,-bis- (2-
carboxyethyl) -5- (and-6) -carboxy-fluorescein,
acetoxymethyl-ester) followed by an intraoperative
illumination with blue light (A = 450-490 nm) for 8
minutes. With respect to the application of BCECF-
AM, no tissue damage of the conjunctiva or the
cornea was seen. Clinical follow up examinations did
not reveal any local toxicity, uveitis, and endoph-
thalmitis. Follow up of the filtering bleb was docu-
mented by slit lamp examination. Complete success
was defined as an IOP reduction of >20% and/or an
IOP constantly <21 mm Hg without the need for
antiglaucomatous medication. Qualified success was
defined as an IOP < 21 mm Hg under topical
antiglaucomatous medication. Eyes had mean 1.1
preoperative surgical interventions (filtration and
non-filtration glaucoma surgery). Mean preoperative
IOP was 31.6 mm Hg. Patients were followed for
mean 496 days (range 3.5-31.8 months). Of the 42
eyes, 25 eyes had an IOP decreased to 15.8 mm Hg
without medication (complete success: 59.5%;
p<0.001; t test). Seven eyes showed good IOP reduc-
tion < 21 mmHg under topical antiglaucomatous
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medication (qualified success: 16.7%). 10 eyes failed
because of scarring within 2-67 weeks (23.8%). They
concluded that trabeculectomy with photodynamic
therapy is a safe method and has a possible potential
to prolong bleb survival.¥

FEMTOSECOND LASER

Owing to its ultrashort pulse duration, extremely
high intensity, and high precision ablation effect,
femtosecond pulsed laser is distinctly advantageous
for minimally invasive surgery in ophthalmology.
Although its major use at present is in the cutting of
laser in situ keratomileusis flaps, the laser has proven
its versatility in laser-assisted anterior and posterior
lamellar keratoplasty, cutting of donor buttons in
endothelial keratoplasty, customized trephination in
penetrating keratoplasty, tunnel creation for intra-
corneal ring segments, astigmatic keratotomy,
corneal biopsy, capsulotomy and lens fragmenta-
tion.® A recent experimental study compared the
external sclerostomy produced using a femtosecond
laser with that made by a surgical knife. 10 pig-
mented rabbits underwent external sclerostomy
with a femtosecond laser in the right eye; 10 addi-
tional rabbits underwent sclerostomy with a surgi-
cal superblade in the right eye. The success rate of
the laser-treated group was significantly higher than
the knife group (p=0.005). Histologically, the sub-
conjunctival connective tissue was loosely arranged
with partially patent sclerostomy in the laser-treated
eyes at postoperative day 14. This contrasted with
the completely scarred sclerostomy tract in the knife
group. The mean numbers of fibroblasts and new
vessels as well as the amount of new collagen depo-
sition at bleb site were significantly decreased in the
laser group (p=0.045, 0.013 and 0.036, respectively).
This study demonstrated that external femtosecond
laser sclerostomy may offer a safe and effective al-
ternative for the minimally invasive surgical man-
agement of glaucoma.¥

I MODULATION OF WOUND HEALING
PROCESS IN NON-PENETRATING
GLAUCOMA SURGERY

Non-penetrating glaucoma surgery (NPGS), like
viscocanalostomy and deep sclerectomy (DS) were
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popularized in the 1990s as safer alternatives to tra-
beculectomy. Deep sclerectomy is the basic NPGS
procedure.”

Deep sclerectomy with intraoperative MMC
application (at a dose of 0.2 mg/ml for 2-3 min
under the conjunctival flap) in eyes with previous
failed glaucoma surgery and/or cataract extraction
was reported as an effective surgical procedure.”

In DS a spacer device is often placed on the scle-
ral bed to prevent adhesion of the scleral flap to the
bed and help to form a subscleral lake and subcon-
junctival filtration bleb. In a clinical study, the use of
a collagen implant in DS (the collagen implant
drainage device was placed in the centre of the deep
sclerectomy) enhanced the success rates and reduced
the need for postoperative medication as compared
to surgery without a collagen implant.”! In another
study on the basis of a 10-year follow-up, DS with
collagen implant demonstrated its efficacy in con-
trolling IOP with few postoperative complications.”
In a clinical study rigid nonabsorbable polymethyl-
methacrylate implant offered success and complica-
tion rates equal to those of the collagen implant.”
Deep sclerectomy with reticulated hyaluronic acid
implant (SkGel) provided stable control of IOP in a
retrospective clinical trial.** Studies about autologous
scleral implant during the nonpenetrating DS oper-
ation have shown different results. Devloo and as-
sociates found no statistically significant difference
between the groups with or without an autologous
scleral implant.> In a prospective clinical study, the
use of autologous scleral implant showed compara-
ble results with the use of the expensive collagen im-
plant in controlling IOP.% T-flux (Carl Zeiss) is a
nonabsorbable hydrophilic acrylic implant has been
used in DS. Deep sclerectomy combined with T-Flux
implant was reported to be a relatively safe antiglau-
comatic surgery with a minimum number of com-
plications, high predictability of the results and very
good long term effectivity.”’ Bahar et al. used fem-
tosecond laser technology to perform scleral flep in
NPGS in cadaver eyes. The creation of a scleral flap
was achieved using a femtosecond laser technology
without damage to overlying tissue in all NPDS op-
erations.”®
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I MODULATION OF WOUND HEALING
PROCESS IN GLAUCOMA DRAINAGE
IMPLANT SURGERY

Tube-shunt procedures have shown encouraging
results in the treatment of refractory glaucoma.”
The major cause of their failure is excessive fibro-
sis. The thick vascularized fibrous capsule around
the reservoir body leads to increased IOP.

In a randomized controlled clinical trial intra-
operative MMC (0.5 mg/ml for 5 minutes) did not
increase the short- or intermediate-term success
rates of Ahmed Glaucoma Valve implantation.'®
Mahdy evaluated the use of bevacizumab intraop-
eratively versus MMC to enhance the survival of
Ahmed valve in cases of pediatric glaucoma. Beva-
cizumab (1.25 mg in 0.05 mL) was injected around
the valve body after completing the surgery and
MMC (0.4 mg/mL for 3 min) was applied before
valve implantation. The follow-up period was 12
months. He was reported that adjunctive use of be-
vacizumab or MMC during Ahmed valve implan-
tation significantly enhances the valve survival.
Bevacizumab seems to be much safer than MMC
with no visually devastating complications.'”" Ma
and coworkers applied Ahmed glaucoma valve im-
plantation in patients with neovascular glaucoma
(NVG) with or without intraoperative intravitreal
bevacizumab injection. In the intraoperative in-
travitreal bevacizumab injection group, 1.25mg of
bevacizumab was injected into the vitreous cavity
during Ahmed valve implantation. In the control
group, only Ahmed valve implantation was per-
formed. Intraoperative intravitreal bevacizumab
injections did not have a beneficial effect on the
success of Ahmed valve implantation in NVG.1% In
a retrospective study, the use of MMC with
Baerveldt implantation controlled IOP equivalent
to that without MMC at intermediate follow-
up.'® Taglia and associates reported their retro-
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spective study comparing the Ahmed valve, Krupin
valve with disk, and the double-plated Molteno im-
plant, all with adjunctive MMC. The success rate
at 1st year was highest with the Molteno implan-
tation; however, Ahmed valve implantation with
MMC was associated with fewer complications and

104 Tn an ex-

less vision loss than other procedures.
perimental study Jacob et al. showed that
biodegradable plugs (collagen plugs containing
1.125 mg of 5-FU) placed within the silicone tubes
of glaucoma drains can safely deliver 5-FU to fil-
tering blebs over time, which can prolong the func-
tional life of the bleb by decreasing the thickness of
the anterior fibrous capsule and permitting suffi-
cient fluid outflow to reduce IOP to physiological

levels.!®

As it is seen, the findings supporting the
use of antifibrotics adjunctively with glaucoma

drainage devices are controversial.

I CONCLUSION

Wound healing after GFS depends on a wide vari-
ety of clinical, physiologic, surgical, and pharma-
cologic factors that may affect surgical success. A
delicate balance is required to achieve the desired
degree of healing. Although the introduction of the
antiproliferative drugs MMC and 5-FU have revo-
lutionized glaucoma surgery, they may be associ-
ated with significant sight-threatening complica-
tions. A more targeted algorithm incorporating dif-
ferent inhibitors and influencing separate phases of
the wound healing process may improve the re-
sults. Rather than a single agent, it will probably be
better to use a combination of different pharmaco-
logical agents and techniques which will ultimately
secure long-term stable IOP lowering which is as-
sociated with halting glaucomatous vision loss
without adverse effects. Developments in both mo-
lecular therapy and cell biology will offer safer and
more specific agents (or methods) for modifying
the wound-healing response after GFS.
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