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13.1
Introduction

13.1.1
Basics

At present, trabeculectomy is the most fre-
quently performed procedure to surgically treat
glaucoma.Alternative procedures such as visco-
canalostomy and deep sclerectomy do not
achieve the amount of reduction of intraocular
pressure (IOP) that can be accomplished with
trabeculectomy [25]. The AGIS study [1] has
pointed out the importance of individual target
pressures as opposed to a general cut-off line.
The study has shown that eyes with advanced
stages of glaucoma have target pressures that
are well below usually accepted levels. This
makes it important to reduce the IOP in select-
ed cases markedly below values of 22 mmHg or
21 mmHg.

13.1.2
Wound Healing Following Trabeculectomy

Scarring at the episcleral and deep Tenon’s level
is the main cause of failure of trabeculectomy.
Several factors influence and control the com-
plicated mechanism of wound healing. Extra-
cellular matrix components such as collagen
and fibronectin, cell adhesion molecules such as
selectins and integrins, and different growth
factors are intimately involved with the fibrob-
lasts (Fig. 13.1) [7].

Among other factors, the amount, duration
and kind of pre-operatively topically applied
medications have an impact on the conjunctival
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∑ Scarring of subconjunctival connective
tissue is the main source of failure of 
trabeculectomy

∑ Preoperatively applied topical medica-
tions increase the wound healing 
response after trabeculectomy

∑ Potent topical corticosteroids after 
trabeculectomy strongly interfere with
many of the wound healing cascades and
are the basis for postoperative wound
healing modulation

∑ 5-FU may be recommended as a series 
of postoperative injections. However,
inconvenient side-effects have to be 
considered and discussed with the 
patient before surgery

∑ Mitomycin C is used mostly in refractory
glaucomas (repeat-trabeculectomy),
secondary glaucomas, and in normal
pressure glaucoma. However, some 
surgeons use it also in primary 
trabeculectomies. Long-term side effects
have to be considered

∑ MMC can be used postoperatively 
topically applied to the conjunctiva with a
sponge at a 0.05-mg/ml concentration
with few side effects

∑ Subconjunctival injections of TGF-b2
monoclonal antibodies are a new 
treatment regimen to specifically block
excessive wound healing responses after
trabeculectomy

∑ Suramin blocks various cellular wound
healing processes and may be an 
alternative to presently used compounds
like MMC or 5-FU
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fibroblasts and on the composition of the extra-
cellular matrix. Conjunctival changes following
topical antiglaucomatous therapy include a de-
crease in the number of epithelial goblet cells,
an increase in subepithelial collagen deposition,
and a higher number of macrophages, fibrob-
lasts, lymphocytes, and mast cells in the sub-
stantia propria [8, 9, 46].

Ongoing studies address the issue of whether
it is better to initially perform surgery as com-
pared to medical treatment. Previous studies
have suggested a better long-term success of
trabeculectomies in eyes with no pre-operative
long-term topical antiglaucomatous therapy.

13.1.3
Therapeutic Options

In an effort to influence the wound healing cas-
cade at least with some rationale, potential sub-
stances should directly interfere with the subse-
quent single steps that lead to the deposition of
new fibrous connective tissue, with fibrocytes
being the main target cells.

Different substances have been tested and
found effective to interfere with fibroblast pro-
liferation using tissue cultures of human con-
junctival fibroblasts. Such tissue samples are
easy to obtain for laboratory studies during
cataract surgery. Only some of the substances
that were promising in tissue culture studies
found their way to use in animal models and
only a few of these have been reported to
improve success rates in human studies [23,
37].

5-Fluorouracil (5-FU) and mitomycin have
gained widespread acceptance among glauco-
ma surgeons [18, 33]. Many authors describe the
use of mitomycin as the “gold standard” for tra-
beculectomies that have an increased risk for
failure, and some even promote the use of mito-
mycin for every trabeculectomy performed.

In contrast to these two highly toxic drugs, at-
tempts were recently made to use a different class
of substances that are not antineoplastic. These
substances use a new pathway in that they inter-
fere with the action of growth factors on target
cells [41]. During surgery, several growth factors
are released from the blood, from the tissue, and
from the aqueous humor. These growth factors
play an important role in the activation of tissue
fibroblasts to proliferate and produce ground
substance and collagen fibrils [6, 16, 35, 45].

13.1.3.1
Steroids

It may be common sense, but the post-operative
application of corticosteroids does have an im-
portant effect on the wound healing process.Cor-
ticosteroids reduce the deposition of fibrin, re-
duce leakage of capillaries, reduce the migration
of leukocytes and makrophages, and reduce the
activity of phagocytosis of these makrophages.

In addition to these effects, corticosteroids
reduce the activity of fibroblasts to build and
deposit new collagen fibers. The activity of
phospholipase A2 is inhibited, which usually
liberates arachidonic acid from the plasma
membrane phospholipases. Through this mech-
anism, the synthesis of mediators that activate
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Fig. 13.1. Flow diagram show-
ing a few important steps 
regarding conjunctival wound
healing following surgical 
procedures involving the 
conjunctiva



the lipooxygenase and cyclooxygenase path-
ways is down-regulated. Furthermore, the de-
granulation of granulocytes and mast cells is re-
duced, stabilizing the intracellular lysosomes
and reducing chemotaxis.

These actions are important for the wound
healing process itself, and this process runs its
own time course as a biological phenomenon.
Therefore, clinical impressions from the indi-
vidual case should not influence the therapeutic
regimen too much.

To obtain the optimum effect from the use of
corticosteroids, only highly potent cortico-
steroids such as prednisolone and dexametha-
sone should be used. Corticosteroids with a
more superficial action are less likely to have a
strong enough effect on the conjunctiva, and
non-steroidal anti-inflammatory substances
(NSAID) may similarly not be effective enough.

The time period of intensified application of
the corticosteroids should be at least 4–6 weeks
after surgery and can be slowly tapered after-
wards.

In a few instances, corticosteroids should be
avoided or given with caution:
∑ In patients who are steroid-responders
∑ In eyes with a conjunctival wound healing

problem following the use of antimetabolites

A systemic application of corticosteroids, re-
gardless of the dosage, can not replace the effect
of topical medication nor can it increase the ef-
ficacy. Therefore, systemic application is not
necessary and should be avoided, reducing un-
necessary side effects.

13.1.3.2
5-Fluorouracil 

5-Fluorouracil was the first antimetabolite that
found its way into routine use among glaucoma
surgeons. 5-Fluorouracil is a fluorinated pyrim-
idine analogue that acts as a potent antimetabo-
lite by competitively inhibiting thymidylate
synthetase and cell division. Animal models
demonstrated decreased fibroblast prolifera-
tion and scarring after filtration surgery.
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Fig. 13.2. Schematic drawing with the molecule
structure of mitomycin C 

13.1.3.3
Mitomycin 

Mitomycin C is the most active fraction of the
three different mitomycins A, B, and C, and ex-
hibits both antibacterial and antineoplastic ac-
tivity, the latter in a broad spectrum against
transplanted and spontaneous tumors (Fig.
13.2).As an alkylating substance, MMC has three
active groups, quinone, urethane, and aziridine.
The binding to proteins seems to have a relation
to the activity of mitomycin. In mammalian
cells, DNA synthesis is inhibited, preformed
DNA is degraded, and lysis of nuclei is induced.
At markedly higher concentrations than neces-
sary for these effects, RNA synthesis is affected.
DNA synthesis inhibition by cross-linking of
DNA requires the lowest concentrations of
MMC and is the most important mechanism.
DNA repair mechanisms do not tend to be influ-
enced. Cells are most vulnerable in the G1 and S
phases, although some effect is present at any
time throughout the cell cycle (Fig. 13.3).

Fig. 13.3. Mitomycin is available as a sterile powder.
After dissolving in BSS, the liquid gets a blue color
and is light sensitive



13.1.3.4
Transforming Growth Factor-b

In humans, transforming growth factor-b (TGF-
b) exists in the three different forms TGF-b1,
TGF-b2, and TGF-b3. At least TGF-b1 and TGF-
b2 have been shown to be an important compo-
nent of conjunctival scarring, and it is not sur-
prising that neutralization of its activity makes it
a possible target for modulating the scarring re-
sponse following glaucoma filtration surgery.

For the synthesis of antibodies against these
TGF-bs, the technique of phage display is used.
For identification, a human single chain Fv
(scFv) fragment is isolated that neutralizes the
hormone from a phage display repertoire. This
is converted into a human IgG4 to determine its
binding and neutralizing properties. The se-
lected antibodies have a high affinity for TGF-
b2 with only low cross-reactivity for TGF-b1 and
TGF-b3. In bioassays, the antibodies strongly
neutralize the anti-proliferative effect of TGF-
b2 in special cell cultures. There is also strong
inhibition of binding of TGF-b2 to cell surface
receptors in radioreceptor assays.

In animal studies, it was found that repeated
subconjunctival injections of 100 µl at a concen-
tration of 1 mg/ml caused a slight chemosis, but
no inflammation or change of the vascularity of
that tissue, when examined both clinically and
histopathologically.

13.1.3.5
Suramin

Suramin was originally synthesized and de-
signed as an antiparasitic drug, and due to its
inhibitory effect on reverse transcriptase, it has
recently been used in clinical trials for AIDS, for
metastatic disease, and for selected malignan-
cies, including prostate, adrenal cortex, lym-
phoma, breast, and colon cancer. Because
suramin is a heparin analog, it binds to heparin-
binding proteins.

More important with relation to ocular
wound healing, suramin blocks the effects of
growth factors on tumor cells in vitro and inter-
feres with the action of growth factors by com-
petitive binding to growth factor receptors.
Growth factors inhibited by suramin include

TGF-b1, TGF-b2, TGF-b3; PDGF A, PDGF B;
EGF; bFGF; IGF-I; and IGF-II. Therefore, cy-
tokines that play an important role in stimulat-
ing fibroblasts during wound healing are affect-
ed by suramin.

In other experiments, cell cultures from 
human ocular fibroblasts were used and the
amount of collagen type I and type III produced
under the influence of suramin was measured.
The results established a dose response curve
and demonstrated that suramin inhibits the
production of collagen type I and type III while
overall protein production is not affected. This
suggests that suramin influences wound healing
by blocking growth factor receptors and neu-
tralizing antibodies and has the potential to ef-
fectively delay or inhibit the wound healing re-
sponse.

13.1.3.6
Further Substances

Many more substances with antiproliferative
potential have been identified in tissue studies,
but at this time there are no drugs with a con-
firmed clinical efficacy or advantage as com-
pared to the substances currently used.

13.2
Clinical Experience 
with the Described Substances

13.2.1
Corticosteroids

13.2.1.1
Topical Post-operative Application 
of Corticosteroids

There are a few studies that show the benefit of
the use of topically applied corticosteroids fol-
lowing trabeculectomy in a clinical setting .

In a prospective fashion, standard tra-
beculectomies were performed [2]. Afterwards,
patients received no steroids at all (group 1),
topical 1 % prednisolone acetate every 3 h for 
20 days (group 2), or in addition to group 2 
80 mg oral prednisone, tapered over 16 days
(group 3). The patients were followed for up 
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to 10 years. At that time, the need for one or 
two topical antiglaucomatous medications was
73 % in group 1, 94 % in group 2, and 92 % 
in group 3. The need for three or more topi-
cal medications was 27 % in group 1, 6 % in
group 2, and 8 % in group 3. At 5 years, the mean
IOP was 19.3 mmHg in group 1, 13.2 mmHg in
group 2, and 15.9 mmHg in group 3. The glauco-
ma status was worse in 24 % of the cases in group
1, 17 % in group 2, and 17 % in group 3.

These findings demonstrate, in a clinical set-
ting, the importance of a post-operative appli-
cation of corticosteroids. However, only one
regimen of the topical corticosteroids was in-
vestigated, so that this study gives no clinically
validated information of how much corticos-
teroids are actually needed.

2 Technique  for Corticosteroids
Following Trabeculectomy

∑ Dexamethasone 0.1 % eye drops, pred-
nisolone acetate 1 %, or similar should be
given 5 times daily for the first 4 weeks

∑ The drops can then be tapered by one drop
per week or slower, according to 
the clinical course

Summary for the Clinician

∑∑ The application of steroids following 
trabeculectomy is mandatory with only 
few exceptions:
– In patients who are steroid-responders
– In eyes with a conjunctival wound 

healing problem following the use of
antimetabolites

∑∑ The application does not strictly follow the
clinical course, but the biological process of
wound healing. This means that the drops
should not be reduced too early even when
“everything looks fine”

13.2.1.2
Corticosteroids for Needling Procedures 
of Failing Blebs

Needling procedures can be performed as a slit-
lamp procedure or under aseptic conditions in
the operating room. First, the scar tissue is dis-
sected with a sharp needle and the aim should
be to restore filtration either by procedures that

open the firm, prominent blebs themselves or
by mobilization of the scleral flap. Thereafter,
some of the corticosteroid can be injected in
that area to produce some chemosis of the con-
junctiva.

2 Technique for Post-operative  
Bleb Revision with Corticosteroids

∑ Topical anesthesia with oxibuprocaine,
proparacaine, tetracaine 0.5 %, or lido-
caine 4 %

∑ A 28-gauge or 30-gauge needle attached to
an insulin or tuberculin syringe

∑ The firm scar tissue is dissected with the
needle, the scleral flap is elevated, if neces-
sary to restore filtration

∑ Immediate injection of 0.5–1.0 ml of be-
tamethasone  4 mg/ml or similar

Summary for the Clinician

∑∑ Well-accepted therapy to increase the 
success rate of failing blebs

∑∑ The technique may be combined with 
5-fluorouracil injections over the following
few days

13.2.2
5-Fluorouracil

13.2.2.1
Standard Trabeculectomy with 
Post-operative Injections of 5-Fluorouracil

For the use of 5-fluorouracil, a routine tra-
beculectomy is carried out first. The standard
application of 5-fluorouracil includes repeated
subconjunctival injections. These injections can
be performed directly into the filtering bleb or
directly opposite. The injections can be per-
formed as often as twice per day for the first
week and then once per day during the second
post-operative week or less frequently. Usually,
an amount ranging from 5 mg to 10 mg of 5-flu-
orouracil is injected each time. Frequent side ef-
fects include long-standing corneal erosions,
and it has been reported that these injections
are quite painful despite topical anesthesia.
Typical dosages and results of this kind of appli-
cation are listed in Table 13.1.
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The use of 5-fluorouracil has been descri-
bed both for eyes with complicated forms of
glaucoma, as well as for primary procedures. A
comment regarding this issue is found in Sect.
13.2.3.

2 Technique for Post-operative Injections 
of 5-Fluorouracil

∑ Topical anesthesia of the conjunctiva 
using oxibuprocaine eye drops or similar

∑ Injection of 5–10 mg of 5-fluorouracil 
(5 mg is a good option)

∑ A total of up to 21 injections during the
first 2 weeks after trabeculectomy

Summary for the Clinician

∑ Well-accepted therapy to increase the 
success rate. The patient should be aware 
of the sometimes painful injections before 
surgery

13.2.2.2
Standard Trabeculectomy 
with Intra-operative Application 
of 5-Fluorouracil

This option has been adopted from the routine
application of mitomycin. Just like a trabeculec-
tomy performed with the application of mito-
mycin, the intra-operative application of 5-fluo-
rouracil is done just before dissection of the
scleral flap. In the initial reports describing this

technique, the scleral flap was dissected first
and sponges, soaked with 5-fluorouracil, were
then placed on the scleral bed and underneath
the conjunctiva. Therefore, it appears that there
are at least two different positions regarding
sponge application in the literature. Concentra-
tions of 5-fluorouracil range from 25 mg/ml to
50 mg/ml. In none of the publications is there a
statement regarding the volume of the 5-fluo-
rouracil solution used. While small pieces re-
garding sponge can usually hold 0.1 ml, it ap-
pears from printed figures of the surgical site
that some surgeons used considerably larger
volumes and more sponges. This makes it diffi-
cult to compare the data and give practical ad-
vice.

This technique of 5-fluorouracil application
makes it possible to irrigate the surgical site and
wash the solution away from the tissues. Typical
dosages and results of this kind of application
are listed in Table 13.2.

2 Technique for Intra-operative 
Application of 5-Fluorouracil

∑ Standard trabeculectomy including 
dissection of the scleral flap.
Then application of sponges soaked 
with 5-Fluorouracil

∑ Concentrations of 5-fluorouracil range
from 25 mg/ml to 50 mg/ml

∑ Application time is uniformly 5 min
∑ Irrigation with BSS is recommended
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Table 13.1. Clinical data on trabeculectomies performed with post-operative subconjunctival injections of
5-fluorouracil

Study Amount Application Success Follow-up
(mg) (injections) (%) (months)

5-FU study group [18] 105 21 51 36

Rockwood et al. [38] 105 21 65 36

Bansal and Gupta [3] 70 14 100 8–27

Jampel et al. [19] 33±10 10 100 8

Patitsas et al. [34] 60 14 71 34

Whiteside-Michel 
et al. [47] 28±9 14 100 11–50

Liebman  et al. [24] 29±10 14 100 24



Summary for the Clinician

∑ Well-accepted therapy to increase the 
success rate

∑ The sponges may also be placed on top 
of the intact sclera

∑ The technique may be combined with 
post-operative injections of 5-fluorouracil

13.2.2.3
5-Fluorouracil for Failing Filtering Blebs

In order to recognize failing filtering blebs,
it is necessary to monitor the patients fre-
quently throughout the first few weeks 
following trabeculectomy. Failing blebs have
been described as encapsulated blebs, cha-
racteristically highly elevated, localized, and
firm with a patent sclerostomy. Encapsula-
ted blebs develop typically at 2–8 weeks follow-
ing surgery. However, in one large study,
the mean time point of needling revision was 
49 weeks with a range from 0.4 weeks to 216
weeks.

In different reports, needling procedures
were performed as a slit-lamp procedure or un-
der aseptic conditions in the operating room. It
appears to be important to inject the 5-fluo-
rouracil close to the scleral flap and to attempt
to restore filtration by manipulating the needle
over the scleral flap or underneath the flap. On
average, 2.4 injections with a range of 1–7 injec-
tions appeared to be necessary to restore filtra-
tion. A typical amount of 5-fluorouracil used is
5 mg in 0.5 ml or 5 mg in 0.1 ml.

Other surgeons perform a dissection of the
scar tissue with a needle first and inject 5-fluo-
rouracil away from the bleb site on the next
days.

2 Technique for Post-operative Injections 
of 5-Fluorouracil for Failing Blebs

∑ Topical anesthesia with oxibuprocaine,
proparacaine, tetracaine 0.5 % or lidocaine
4 %

∑ A 28-gauge or 30-gauge needle attached to
an insulin or tuberculin syringe

∑ The firm scar tissue is dissected with the
needle, the scleral flap is elevated, if neces-
sary, to restore filtration

∑ Immediate or later injection of 5 mg 
5-fluorouracil 

∑ Injections may be repeated over the next
days

Summary for the Clinician

∑ Well-accepted therapy to increase 
the success rate of failing blebs

∑ Frequent monitoring of the patient in the
weeks following trabeculectomy is necessary

13.2.3
Mitomycin 

A discussion or review of the current use of
mitomycin to enhance the outcome of filtering
surgery for glaucoma has to start with defining
the situation one has to deal with and therefore,
as a second step, setting the goal of the proce-
dure.

Some authors advocate that a substance like
mitomycin should be used for every trabeculec-
tomy performed. This would mean that the au-
thors do not fear the high incidence of possible
side effects of the substance. In addition, this
would mean that many primary trabeculec-
tomies are done with mitomycin, since these are
the trabeculectomies performed most frequent-
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Table 13.2. Clinical data on trabeculectomies performed with intra-operative application of 5-fluorouracil

Study Amount Application Success Follow-up
(mg) (injections) (%) (months)

Smith et al. [43] 50 + 29 mg 1+6 injections 93 4–9

Dietze et al. [15] 50 1 95 3

Egbert et al. [17] 50 1 87 10



ly. This would also mean that especially low tar-
get pressures are attempted, since the use of mit-
omycin does not only lead to a reduced rate 
of episcleral scarring, but also to low and 
very low values of intraocular pressure over a
long time. Low intraocular pressures are advo-
cated for patients with only mildly elevated in-
traocular pressures but advanced glaucomatous
damage of the optic nerve head for patients with
low tension glaucoma, and for patients with a
vascular component of their glaucomatous dis-
ease.

Therefore, it is important to distinguish be-
tween trabeculectomies performed with mito-
mycin as procedures for primary surgery and
uncomplicated cases of glaucoma and repeat
trabeculectomies and cases of complicated
glaucoma.

13.2.3.1
Primary Procedures with Mitomycin

The issue of whether primary trabeculectomies
should be performed with or without the use of
an antimetabolite is still controversial and will
probably remain such for a while. One should at
least keep in mind that uncomplicated cases of
glaucoma might have a good prognosis even
without the use of antimetabolites (Fig. 13.4).

Summarized Information 
from Important Publications:

In one study, [22] 33 eyes of mostly black pa-
tients were operated with a concentration of
0.5 mg/ml of mitomycin and a 3-min exposure.
These eyes were compared to a historical con-
trol group of 30 eyes. At each time point of the
follow-up period of up to 18 months, the mito-
mycin-operated eyes had a significantly lower
intraocular pressure (e.g., 10.0 mmHg versus
17.2 mmHg). The complication of severe hy-
potony, here defined as an intraocular pressure
of less than 6 mmHg, was 15 % in the mitomycin
group and 0 % in the control group.

In a second publication [14], a total of 28 eyes
were operated with 14 of these receiving mito-
mycin with a concentration of 0.2 mg/ml for 
3 min. The mean follow-up was around 17
months. At the last visit, the intraocular pres-

sure was below 16 mmHg in 12/14 mitomycin-
treated eyes and in 4/14 control eyes. Complica-
tions such as choroidal effusion and shallow an-
terior chamber were more frequent in the
mitomycin-treated eyes.

In one series [32], 25 eyes of 23 white patients
underwent trabeculectomy with mitomycin 
with a concentration of 0.2 mg/ml for 5 min. Al-
though there was no control group, the authors
were pleased with the outcome, reduction of the
mean intraocular pressure from 26.0 mmHg to
12.5 mmHg at a follow-up of 12 months. The only
reported complication included a case of tempo-
rary hypotonous maculopathy.

In a different study, the effect of no mito-
mycin compared with a short-term and a
longer-term exposure to mitomycin was de-
scribed [20]. The concentration of mitomy-
cin was 0.5 mg/ml, and a total of 124 eyes were
included. In that report, the best control of
the intraocular pressure combined with the
lowest risk for severe complications was ac-
complished in the group with a short-term ex-
posure to mitomycin, ranging from 30 to 60 s
only.

Different concentrations of mitomycin with
a standard application time of 5 min were ap-
plied in a study performed by Kitazawa et al.
[21]. They treated 11 patients with a standard
trabeculectomy with a concentration of mito-
mycin of 0.2 mg/ml in one eye and a concentra-
tion of 0.02 mg/ml in the fellow eye. No control
group with no mitomycin was included. The
eyes receiving the higher concentration of mit-
omycin were more successful with regard to
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Fig. 13.4. Typical avascular filtering bleb following
intra-operative application of mitomycin with a con-
centration of 0.2mg/ml



control of the intraocular pressure, but had
more complications such as hypotony macu-
lopathy and cataract progression. The authors
concluded that the best concentration for mito-
mycin might be in between the two concentra-
tions tested.

The most recent study with the longest fol-
low up was performed by Bindlish et al. [5].
These authors included a total of 123 eyes and
had a follow-up period of 5 years. Concen-
trations of mitomycin ranged from 0.25 mg/ml
to 0.5 mg/ml and exposure times from 0.5 to 
5 min. Although the mean intraocular pres-
sure was low with 9.9 mmHg, the rate of compli-
cations was relatively high and included hy-
potony maculopathy, bleb leaks, blebitis, en-
dophthalmitis, and significant loss of central
vision.

These authors concluded that the intraocular
pressure control with the use of mitomycin is
good, but the rate of complications is much
higher than with no use of mitomycin. Regard-
ing this study [44], it was mentioned that the
mean intraocular pressure of trabeculectomies
done without mitomycin is something around
15 mmHg, and that this level of the intraocular
pressure is just the one which is sufficient in
most cases.

2 Technique for Intra-operative 
Application of Mitomycin

∑ Preparation of the surgical site where the
scleral flap is to be dissected

∑ Mitomycin, freshly prepared solution 
of 0.1–0.5 mg/ml (0.2 mg/ml is a good op-
tion)

∑ Volume of 0.1 ml
∑ Sponge, size 5x5 mm
∑ After placing the sponge on the sclera, the

mitomycin is applied to the sponge using a
tuberculin or insulin syringe

∑ The mitomycin remains for 0.5– 5 min
(2–3 min is a good option)

∑ The whole area is irrigated with at least 
10 ml of BSS

Summary for the Clinician

∑ The use of mitomycin for primary 
trabeculectomy  is still under discussion

∑ Maybe the topical post-operative appli-
cation should be favored for these cases

13.2.3.2
Mitomycin for Complicated Forms 
of Glaucoma

The review of the literature regarding the use 
of mitomycin for specific forms of complica-
ted glaucoma including repeat trabeculectomy is
difficult, because many studies combine different
forms of secondary glaucoma in their reports so
that it becomes hard to get specific information
for one group of these eyes or an-other.

A list of forms of secondary glaucoma is giv-
en in Table 13.3.

13.2.3.3
Young Patients

The problem with the definition of these cases
of glaucoma starts with the definition. It can be
assumed that all of the above-mentioned forms
of glaucoma refer to patients up to about 20
years of age. For older patients, one would prob-
ably use the terms primary open-angle glauco-
ma or dysgenetic glaucoma. Some surgeons
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Table 13.3. List of secondary forms of glaucoma and
risk factors for failure of trabeculectomy

Inflammatory

Chronic angle closure

Pseudoexfoliation

Pigmentary

Neovascular

Traumatic

Black patients

Pseudophakia

Previous argon laser trabeculoplasty

Juvenile/infantile

Anterior segment dysgenesis

Iridocorneal endothelial syndrome



tend to be very cautious when using mitomycin
for children younger than 10 or 5 years of age,
while others insist in using mitomycin especial-
ly in these patients because standard filtering
procedures have a poor prognosis (Fig. 13.5).

Important Studies

In 1997, Mandal et al. [26] reported on 19 eyes of
13 patients with congenital glaucoma that un-
derwent trabeculectomy with mitomycin with a
concentration of 0.4 mg/ml for 3 min. Complete
success was obtained in 18 of the 19 eyes after a
mean follow-up period of 19 months. Beck et al.
[4] in addition performed a retrospective study
of 60 eyes in 49 patients. Trabeculectomy was
performed with a concentration of 2.5 mg/ml or
0.5 mg/ml for 5 min. The probability of success
was 67 % for 12 months and 59 % for 24 months.
The most severe complication encountered was
endophthalmitis, occurring in 8 % of the cases.

In another retrospective study published in
1999, Mandal et al. [27] evaluated 38 eyes in 29
patients. The concentration of mitomycin was
0.4 mg/ml, applied for 3 min. The success prob-
ability at 18 months was 65 %. No cases of en-
dophthalmitis were reported. Most recently,
Sidoti et al. [40] published a retrospective study
of 29 eyes in 29 patients. The concentration of
mitomycin was 0.5 mg/ml, and it was applied for

1.5–5 min. Success at 24 months was 59 %, and
the rate of bleb-related infection was 17 %.

It appears that the overall outcome of the use
of mitomycin for young patients is promising,
but the long-term behavior of the thin and avas-
cular blebs remains unclear. Infections were
noted in three of the four cited studies, and this
problem may give rise to severe disease.

13.2.3.4
Black Patients

In general, patients from African populations
have a larger risk of post-operative scarring
than white patients.

Important Studies

In 1993, Mermoud et al. [28] published a report
on a prospective study evaluating 30 eyes of 26
black patients undergoing trabeculectomy with
a concentration of 0.2 mg/ml of mitomycin ap-
plied for 5 min. These patients were compared
to a historical group of eyes operated without
mitomycin. Some 83 % of the mitomycin-oper-
ated eyes had an intraocular pressure of less
than 21 mmHg at a mean follow-up time of 9.1
months as compared to only 37 % of eyes from
the no-mitomycin group. Bleb fibrosis occurred
at a rate of 7 % and 20 %, respectively. A late
postoperative positive Seidel test was only seen
in the mitomycin-treated eyes at a rate of 13 %.

In a study of 44 eyes receiving mitomycin in
a concentration of 0.5 mg/ml for 3.5 min, the
mean intraoperative pressure was 14.7 mmHg at
a mean follow-up of 17.7 months [10]. The pa-
tients had advanced open-angle glaucoma. Sim-
ilarly, Mwanza and Kabasele [31] performed a
study with an intra-individual control group us-
ing mitomycin with a concentration of 0.4
mg/ml for 2.5 min. The success rate of mito-
mycin-treated eyes was 82 % compared to 63 %
in the untreated controls.

Interestingly, in all three studies cited, no
cases of hypotony maculopathy were reported,
so that it can be assumed that these patients
have a lower risk of developing this specific
complication than non-black patients.
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Fig. 13.5. Eye with a severe form of congenital glau-
coma and enlargement of the cornea and vascular-
ization. A challenging case for the glaucoma surgeon



13.2.3.5
Uveitis

Uveitis is a challenging aspect for glaucoma sur-
geons, since the success of most surgical proce-
dures appears to be limited in the long run.

In 1994,Prata et al. [36] published a retrospec-
tive, uncontrolled study of 24 eyes undergoing
trabeculectomy with mitomycin with a concen-
tration of 0.2 mg/ml, applied for 5 min. After a
mean follow-up of around 10 months,a complete
success was reached in 75 % of the eyes, but com-
plications related to hypotony were quite high.
In 1997, Wright et al. [48] published a similarly
retrospective study of 24 eyes with a mean fol-
low-up of around 15 months. Complete success
was reported in 62 % of the cases. Recently, Ce-
ballos et al. [11] published a report of a retrospec-
tive study of 44 eyes with uveitis that were oper-
ated with either mitomycin or 5-fluorouracil.
The overall success rate was 62 % at 2 years. In-
terestingly, male gender was a significant risk
factor for failure. Phakic patients developed sig-
nificant cataracts in more than 50 %.

13.2.3.6
Repeat  Trabeculectomy

Patients undergoing repeat trabeculectomy are
probably those that profit the most from the use
of mitomycin. Unfortunately, no studies exist
that specifically address this problem. In most
cases, these eyes are mixed with other forms of

secondary glaucoma, so that no detailed infor-
mation can be given for repeat trabeculectomies
only. However, when looking at the abundant
literature regarding this issue, it may be safe to
conclude that a repeat trabeculectomy is the
classic indication for the use of an antimetabo-
lite. Typical dosages and results of this kind of
application are listed in Table 13.4. Typical com-
plications and side effects regarding the use of
mitomycin in comparison to 5-fluorouracil are
listed in Table 13.5 (Figs. 13.6–13.8).

2 Technique for Intra-operative 
Application of Mitomycin

∑ Preparation of the surgical site where the
scleral flap is to be dissected

∑ Mitomycin, freshly prepared solution of
0.1–0.5 mg/ml (0.2 mg/ml is a good option)

∑ Volume of 0.1 ml
∑ Sponge, size 5x5 mm
∑ After placing the sponge on the sclera, the

mitomycin is applied to the sponge using a
tuberculin or insulin syringe

∑ The sponge remains for 0.5 min - 5 min
(2–3 min is a good option)

∑ The whole area is irrigated with at least 
10 ml of BSS

Summary for the Clinician

∑ The use of mitomycin for repeat trabe-
culectomies and complicated forms of
glaucoma is current practice in most 
glaucoma centers
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Table 13.4. Clinical data on trabeculectomies performed with intra-operative application of mitomycin 

Study Mitomycin Time Success Follow-up
(mg/ml) (min) (%) (months)

Shields et al. [39] 0.25 2-5 59 2–12

Chen et al. [12] 0.1–0.4 5 76–100 12–60

Palmer [33] 0.2 5 84 6–42

Kitazawa et al. [21] 0.4 5 100 7–12

Skuta et al. [42] 0.5 5 95 6

Zacharia et al. [49] 0.4 3.5–7 100 2–12

Mermoud et al. [28] 0.2 5 93 3–18

Costa et al. [13] 0.4 1.5–2.5 95 6–7

Mietz andKrieglstein [29] 0.2–0.5 3–5 90 36



13.2.3.7
Topical Application of Mitomycin

More recently, a topical application of Mito-
mycin was reported. With this technique, a 
standard trabeculectomy is performed first. For
the first 3 days after surgery, a sponge with mito-
mycin is placed on the filtering bleb. This can be
done under topical anesthesia as an office proce-
dure and does not require aseptic conditions.
The application is usually well tolerated by the
patients. The main advantage is that a much low-
er concentration of mitomycin can be used. For
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Table 13.5. Possible side effects following the use of 5-fluorouracil and mitomycin for trabeculectomy

Complication 5-Fluorouracil Mitomycin

Painful injection ++ –

Conjunctival dehiscence + +

Corneal erosions ++ –

Corneal ulcer (+) –

Repeated applications ++ –

Blebitis or endophthalmitis ++ +

Post-operative hypotony + +

Hypotony maculopathy + +

Suprachoroidal hemorrhage (+) (+)

Intraocular toxic sideeffects + ++

Conjunctival hemorrhages ++ +

–, Not frequent; +, typical complication; ++, frequently occurring; (+) typical, but rare complication

Fig. 13.6. Hypotony maculopathy as a complication
of the intra-operative use of Mitomycin

Fig. 13.7. Anterior synechiae as a complication of
long-standing hypotony with a flat anterior chamber

Fig. 13.8. A typical avascular filtering bleb. Note the
conjunctival dehiscence superiorly. This may give rise
to a blebitis



the intra-operative application, a concentration
of 0.2 mg/ml or higher is usually employed. For
the post-operative application, a concentration
of 0.05 mg/ml of mitomycin is used.

2 Technique for Post-operative 
Application of Mitomycin

∑ Application on days 1, 2, and 3 after 
trabeculectomy

∑ Topical anesthesia using oxibuprocaine,
proparacaine, tetracaine 0.5 %, or 
lidocaine 4 %

∑ Insertion of a lid-speculum.
∑ Sponge with 0.1 ml of 0.05 mg/ml m

itomycin for 3 min
∑ Irrigation with 10 ml BSS

Summary for the Clinician

∑ The post-operative application of
mitomycin is a new technique aimed 
to reduce intra-ocular toxicity

∑ It requires three applications after surgery
and is therefore more time consuming

13.2.4
Transforming Growth Factor-b

With respect to this treatment modality, the 
results of two clinical phase II trials are avail-
able.

In a first trial, 24 patients underwent pri-
mary trabeculectomy. Sixteen patients of these
received the specific antibody, while the re-
maining eight patients served as controls. The
antibody was given as a sequence of four sub-
conjunctival injections. Two injections were
done on the day of surgery (pre- and post-oper-
atively), one on the day after surgery and one a
week after surgery.

After 1 year, the proportion of patients who
had not required either intervention or resump-
tion of topical medication was 11 of 16 (69 %) on
the TGF-b antibody compared with 2 of 8 (25 %)
on placebo. Mean IOP at 1 year was 3 mmHg
lower in the TGF-b antibody group than in the
placebo group. There were no significant differ-
ences in the incidence of complications between
the two groups. Blebs after the TGF-b antibody
were diffuse, noncystic and nonavascular. The

fall in IOP was greater in the TGF-b antibody
group at 3 and 6 months (p<0.05) and ap-
proached significance at 12 months.

Follow-up results at 2 years showed that the
TGF-b antibody patients achieved a significantly
lower IOP than the control group. The mean val-
ues 2 years after surgery were 13.6 mmHg for the
TGF-b antibody and 17.7 mmHg for the controls.

In a second trial, 56 patients underwent com-
bined glaucoma and cataract surgery. Patients
were randomized to receive either the TGF-b
antibody (n=36) or matching placebo (n=20).
The therapeutic regimen was similar to that in
the first clinical trial. Follow-up results at 6
month revealed that the TGF-b antibody was
safe and well tolerated with no serious drug-re-
lated adverse effects and no severe injection site
reactions. There was no evidence of increased
inflammation in the anterior chamber of the
eye. IOP was successfully lowered by surgery in
both patient groups. At 6 months after surgery,
the achieved IOP was lower in patients receiving 
the TGF-b antibody (14.5 mmHg) compared
with those receiving placebo (16.7 mmHg). In
the early post-operative period, intervention
with 5-FU injection was used in 28 % of TGF-b
antibody eyes and in 10 % of placebo-treated
eyes.

2 Technique for Application of TGF-bb2 
of TGF-bb2 Antibodies:

∑ The concentration of the TGF-b2 
antibody is 1.0 mg/ml

∑ For each injection to the filtering bleb, the
quantity injected is 100 µl

∑ The first injection is before surgery on the
day of surgery

∑ The second injection is after surgery on
the day of surgery

∑ The third injection is on the first day 
after surgery

∑ The fourth injection is at 1 week after sur-
gery

Summary for the Clinician

∑ The use of the TGF-bb antibody is only 
possible in ongoing clinical studies in 
participating study centers

∑ The synthetically engineered TGF-bb
antibody is not yet commercially available
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13.2.5
Suramin

For this substance, only information from one
clinical study is available [30].

Suramin was first applied during surgery at a
concentration of 200 mg/ml and applied for
5 min. On days 1, 2, and 3 following surgery, the
patients received a subconjunctival injection of
0.1 ml suramin solution (200 mg/ml) close to
the filtering bleb. A historical group of eyes op-
erated with mitomycin  (0.2 mg/ml) served as a
control.

The suramin- and mitomycin-treated eyes
did not differ significantly for the mean IOP be-
fore surgery and at the final visit (32.7 vs.
29.5/19.7 vs. 19.3; both p<0.0001). Following sur-
gery, the filtering blebs were slightly hyperemic
in the suramin group, but this effect resolved
over time without the need for increased topical
therapy.

The most important complication encoun-
tered in both the early and late post-operative
phase was hypotony. Hypotony as a transient
phenomenon occurred frequently in all groups.
Hypotony at some point within the first few
days or weeks following trabeculectomy oc-
curred twice in the suramin group, but not af-
terwards. Hypotony as a permanent complica-
tion developed in four mitomycin cases, causing
hypotony maculopathy in one case. Using an
ANOVA survival analysis, no difference was
found between the suramin and mitomycin
groups (p<0.64). The incidence of failures was
not significantly different.

It appears, therefore, that suramin may be a
potent substance, its efficacy comparable with
that of mitomycin (Fig. 13.9).

2 Technique for Suramin Used 
for Trabeculectomy

∑ Concentration of 200 mg/ml suramin dis-
solved in BSS

∑ One application during surgery using a
sponge

∑ Subconjunctival injections directly to the
filtering bleb on days 1, 2, and 3 (total of
three injections)

Summary for the Clinician

∑ At this time, only preliminary data are
available. It is too early to recommend 
a specific therapeutic regimen

13.2.6
Additional Substances

Given the lack of data, the use of other sub-
stances that interfere with wound healing can
not be recommended at this time.

13.3
Current Clinical Practice/Recommendations

Summarizing the previously given information,
the following recommendations can be made:
∑ If primary trabeculectomies are performed,

additionally used substances should have a
low risk profile, if any are used to enhance
the success.

∑ Repeat trabeculectomies or complicated cas-
es should not be operated without the use of
an antimetabolite.

∑ Both 5-fluorouracil and mitomycin are well
accepted.

∑ New substances like TGF-b antibodies are on
the horizon, but not yet well established.
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Fig. 13.9. Typical appearance of a filtering bleb at 2
years following trabeculectomy with Suramin. No
avascularity is present



13.4
Post-operative Intensified Care

The concept of intensified post-operative care is
relatively new and includes the following issues:
∑ Regular visits following trabeculectomy
∑ High-dose topical corticosteroids for 

a longer period after surgery
∑ Detailed examination and description of the

filtering bleb
∑ Early identification of risk factors for failing

blebs
∑ Early intervention to interfere with the scar-

ring process using injections with 5-fluo-
rouracil or steroids

It was shown in clinical studies that the success
rate of routine trabeculectomies could be sig-
nificantly improved with this regimen of inten-
sified care.
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