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Abstract

e AIM: To report short-term outcomes of mitomycin
C-augmented excisional bleb revision with capsulectomy
(ERC) after Ahmed glaucoma valve (AGV) failure.

e METHODS: Patients who underwent ERC procedures
between January 2017 and December 2019 with a
minimum follow-up of 6mo were evaluated retrospectively
for indications of AGV and AGV implantation to ERC interval.
The number of anti-glaucoma medications (AGMs),
intraocular pressure (IOP) and best corrected visual acuity
(BCVA) were recorded at baseline, 1, 7, 30, 90, and 180d.
Intra- and postoperative complications were also recorded.
Positive outcome was defined as I0P<21 mm Hg with or
without AGMs.

e RESULTS: Fourteen eyes [14 patients, median age
69.5y, interquartile range (IQR) 61.3-80] were included.
Pseudoexfoliative glaucoma (n=5, 36%) was the most
common form of glaucoma. The median AGV implantation
to ERC interval was 8.8mo (IQR 3.91-43.67). At 6mo, the
median number of AGMs decreased from 3.0 (IQR 3.0-4.0)
to 2.0 (IQR 1.5-3), the median IOP decreased from 26 mm
Hg (IQR 22-29) to 16.5 mm Hg (IQR 13.75-20) and there
was no significant change in BCVA. The success rate at
6mo was 92.9%. The Kaplan-Meier cumulative probability
of survival was 93%, 79%, 64%, and 64% at 1wk, and 1,
3, and 6mo, respectively. No intraoperative complications
were identified. Postoperative complications were identified
in 5 eyes (36%), which were resolved spontaneously during
the first week following ERC.

e CONCLUSION: ERC has a high success rate for short-
term management of AGV failure. A longer follow-up study is
required to determine long-term cumulative failure rates.
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INTRODUCTION

laucoma is the leading cause of global irreversible
G blindness worldwide, and poses a considerable public
health threat!"*. The only method thus far proven effective in
preventing the development of glaucomatous optic neuropathy
or reducing its progression is lowering of intraocular pressure
(IOP)™. The use of glaucoma drainage devices (GDDs) for
refractory glaucoma has greatly increased worldwide during
the last 20y Moreover, GDD surgery had lower failure
rates and a decreased need for additional glaucoma surgery
compared to trabeculectomy in the tube versus trabeculectomy
(TVT) study, as well as failure rates similar to those of
trabeculectomy in the Primary TVT study'”. Failure rates
of GDD implantation, however, were reportedly as high as
29.8%-53% in several large clinical trials, and bleb fibrosis
with encapsulation leading to a hypertensive phase (HTP) was
reportedly the main reason for uncontrolled high IOP after
Ahmed glaucoma valve implantation (AGVI). Higher rates
of HTP were reported in valved tubes, such as the Ahmed
glaucoma valve (AGV), than in non-valved tubes, such as the
Baerveld tube. Significantly higher levels of cytokines [e.g.,
transforming growth factor- (TGF-B), chemokines CCL-2,
CXCLI, etc.] and different types of interleukins were found
in the aqueous from encysted blebs following tube shunt

(9 Their high concentration in cases of higher IOP

implants
levels suggests that their levels increase along with an increase

in the IOP, and raises the possibility that encysted blebs form
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cytokines™. It is speculated that this higher rate is related to
the stimulation of fibrosis by pro-inflammatory cytokines in
the first aqueous humor, which is instantly filtered in valved
shunts, such as the AGV, as opposed to a delayed filtration of
ligated non-valved implants.

There is no consensus on the management of uncontrolled
high IOP after AGVI. Among the available options are
aqueous suppressant glaucoma medications, such as beta
blockers, carbonic anhydrase inhibitors, and alpha-2 agonists,
which reduce the surface tension inside the bleb around the
tube’s plate!"”"". Lower pressure inside the bleb and lower
surface tension may improve percolation of fluids through
the formed capsule around the plate and thus reduce the
cytokine production resulting from mechanical stress caused
by increased IOP inside the bleb™”’. Surgical procedures aimed
at lowering IOP after AGV failure include bleb needling,
sequential insertion of a GDD and cyclophotocoagulation!"”,
Since the capsule around the GDD plate is thick and
impermeable, excisional bleb revision may offer a simple, less
invasive and relatively safe alternative to the current surgical
options. Data on the success and complications of ERC,

12-16
however, are scant!'>"°

! This study was designed to report the
short-term outcome of ERC in the management of uncontrolled
IOP due to encapsulation following AGVI by evaluating the
success rate, change in IOP levels, number of anti-glaucoma
medications (AGMs) and complications.

SUBJECTS AND METHODS

Ethical Approval The Tel Aviv Medical Center institutional
review board approved the study protocol and waived patient
consent for this retrospective study. The research adhered to
the tenets of the Declaration of Helsinki.

This retrospective case series included adult patients with a
failed superotemporal AGV (model FP7; New World Medical,
Rancho Cucamonga, LA, USA) due to an encapsulated cyst.
All patients underwent an ERC procedure at the Tel Aviv
Medical Center (Tel Aviv, Israel) during a 3-year period
(January 2017- December 2019) with a follow-up of at least 6mo.
The preoperative evaluation and ocular examination included
patients’ demographics, number of AGMs, indications for
AGVI, best corrected visual acuity (BCVA) and 1OP levels.
The intraoperative evaluation included the documentation
of complications and failures. Postoperative ocular
examinations were scheduled at 1 and 7d, and 1, 3, and
6mo postoperatively. They included documentation of the
postoperative complications, number of AGMs, the BCVA,
and the IOP. Intraoperative complications were defined as tube
truncation, intraocular hemorrhage and scleral perforation.
Postoperative complications were defined as tube exposure or
erosion, surgical wound leakage, hyphema, transient corneal
edema, shallow anterior chamber, uveitis as well as visually
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devastating complications, including malignant glaucoma,
endophthalmitis, persistent hypotony and suprachoroidal
hemorrhage. AGV failure was defined when there was an IOP
of >21 mm Hg despite optimal tolerated medical therapy.

The excisional bleb revision with capsulectomy and mitomycin
C (ERC) was performed under local anesthesia by topical
oxybuprocaine hydrochloride 0.4% and subconjunctival
injection of lidocaine 2%. A traction suture (Vicryl 6-0,
Ethicon Limited, Edinburgh, UK with a BV needle, W9500)
was used to rotate the globe inferiorly to improve visualization. A
4 mm incision was performed at the conjunctiva 8-9 mm from
the limbus and 2 mm along the lateral nasal or temporal edge
of the plate (Figure 1A). The underlying Tenon capsule was
opened separately (Figure 1B). Careful hemostasis with cautery
was conducted as needed. At least 50% of the entire capsular
surface, including the area above the plate, was excised and
removed using a crescent knife and Westcott scissors (Figure
1C). A careful dissection was needed to remove fibrovascular
tissue from the valve outlet area and create a new space for
future filtering. Balanced salt solution was injected into the
tip of the tube by means of a 30G needle on a 1 mL syringe
to evaluate tube flow and valve re-functioning. Viscoelastic
material, sodium hyaluronate 1% (Biolon) was injected into the
anterior chamber and retained there if shallowing was observed.
Mitomycin C (0.15 mL, 0.4 mg/mL) was injected with a 1 mL
syringe with a 27-gauge needle around the AGV plate and
under the capsular remnant. It was irrigated 2min afterwards
with balanced salt solution over the surgical area (Figure 1D).
At the end of the procedure, the conjunctiva and Tenon capsule
were carefully closed in 2 separate layers with 8-0 polyglactin
sutures (Vicryl 8-0, Ethicon Limited, Edinburgh, UK; Figure
1E-1F). Vicryl 8-0 with a round head BV needle is strong
enough to tightly close the Tenon and conjunctiva without
leaks, buttonholes or subsequent inflammation. At the end of
the operation, the patients received one drop of atropine 1%,
dexamethasone 0.1% and ofloxacin 0.3%. The treated eye was
patched with a plastic shield.

All surgical procedures were performed by a single experienced
glaucoma surgeon (Rachmiel R). At the end of the procedure,
topical ofloxacin (0.3%) was administered 4 times daily for 5d,
and topical dexamethasone (0.1%) was administered 4 times
daily for 5d and then tapered down every 5d.

Categorical variables were reported as numbers and percentages.
Continuous variables were evaluated for normal distribution by
means of histograms and reported as median and interquartile
range (IQR). Changes in the IOP and number of medications
during the follow-up were assessed with the Friedman test.
The Wilcoxon signed ranks test was used to compare each
time point to preoperative values. A Kaplan-Meier curve
was used to describe surgical failure during the follow-up
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Figure 1 Mitomycin C-augmented excisional bleb revision with capsulectomy surgical technique A: Conjuctival incision; B: Tenon

incision followed by capsular incision; C: Excision of at least 50% of the capsular area; D: Mitomycin C injection; E: Tenon suturing; F:

Conjunctival suturing.

period. The univariate Cox regression was used to study the
association between age and positive surgical outcome. The
Mann-Whitney test was applied to compare the change in
the IOP percentage between the female and male patients.
Spearman’s rank correlation coefficient was employed to study
the association between age and change in the IOP percentage.
All statistical tests were 2-sided, and P<0.05 was considered
statistically significant. SPSS software was used for all
statistical analyses (IBM SPSS Statistics for windows, ver. 24,
IBM corp., Armonk, NY, USA, 2016).

RESULTS

A total of 14 patients (14 eyes) of 7 males and 7 females
whose median age was 69.5y (IQR 61.3-80y) underwent ERC
during the study period. Patient demographics, including types
of glaucoma and surgical history, are presented in Table 1.
Pseudoexfoliative glaucoma (#=5, 36%) was the most common
form of glaucoma. AGVI was the first ophthalmic surgery
in one eye, while the other 13 had a history of ophthalmic
surgery. AGVI was the first glaucoma surgery in 12 eyes
(86%), while 2 eyes (14%) had a previous glaucoma procedure
(both consisting of a combined cataract-trabeculectomy
surgery; Table 1).

The median interval between AGVI to ERC was 8.8mo (IQR
3.91-43.67mo). The median IOP decreased from 26 mm Hg
(IQR 22-29 mm Hg) to 16.5 mm Hg (IQR 13.75-20 mm Hg,
P<0.01) at the 6-month follow-up (Table 2). The median
number of AGMs decreased from 3 (IQR 3-4) to 2 (IQR
1.5-3, P<0.01) at the 6-month follow-up. The median IOP
and the AGMs at baseline and during follow-up are presented
in Table 2. Reduction in IOP levels and the number of AGMs

Table 1 Demographic and clinical characteristics of the study patients

Characteristics n (%)
Age, y, median (IQR) 69.5 (61.3-80)
Sex
Male 7 (50)
Female 7 (50)
Glaucoma diagnosis
PXF glaucoma 5(36)
POAG 2 (13)
NVG 2(14)
ICE syndrome 2 (14)
Uveitic glaucoma 1(7)
Aphakic glaucoma 1.(7)
PACG 1.(7)
AGVI-ERC interval, mo, median (IQR) 8.8 (3.91-43.67)
Surgical history
Any previous surgery
Yes 13 (93)
No 1(7)
Previous non-glaucoma eye surgery
Yes 11 (79)
Phacoemulsification 11 (79)
IOL exchange 1(7)
Pars plana vitrectomy 1(7)
Penetrating keratoplasty 1(7)
No 321
Previous glaucoma surgery
Yes 2 (14)
Combined trabeculectomy + phacoemulsification 2 (14)
No 12 (86)

AGVI-ERC interval: Ahmed glaucoma valve implantation-excisional
bleb revision with capsulectomy and mitomycin C interval; ICE
syndrome: Iridocorneal endothelial syndrome; IOL: Intraocular lens;
IQR: Interquartile range; NVG: Neovascular glaucoma; PACG: Primary
angle-closure glaucoma; POAG: Primary open angle glaucoma; PXF:

Pseudoexfoliative; SLT: Selective laser trabeculoplasty.
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Table 2 Intraocular pressure and anti-glaucoma medications at baseline and follow-up visits

Time IOP mm Hg Success rate Number of AGMs
Mean+SD Median (IQR) P vs baseline (n) Mean+SD Median (IQR) P vs baseline

Baseline 26.93+5.43 26 (22.0-29.0) - - 3.21+0.802 3 (3-4) -
1d 16.79+6.85 16 (11.5-23.5) <0.01 71.4% (10) 0 0 <0.01
1wk 14.64+4.73 15.5 (11.75-17) <0.01 92.9% (13) 0 0 <0.01
Imo 18.36+5.032 17 (14.75-20.25) <0.01 85.7% (12) 0 0 <0.01
3mo 16.5+3.32 16 (13.75-18.5) <0.01 85.7% (12) 1.21+0.89 1.5 (0-2) <0.01
6mo 16.71+3.45 16.5 (13.75-20.0) <0.01 92.9% (13) 2.14+1.35 2 (1.5-3) <0.01

AGMs: Anti-glaucoma medications; IOP: Intraocular pressure; IQR: Interquartile range; SD: Standard deviation.

was statistically significant at the 1- and 7-day, and 1-, 3- and O

6-month follow-up visits (P<0.01). 084 § _______________________ .

There was no statistically significant change in the median _ ;

BCVA. The median logMAR at the 6-month follow-up was 1.3 g 061

(IQR 0.37-1.92) compared to 1.8 (IQR 0.37-2.3) at baseline g 041

(P<0.62). The ERC success rate was 71.4% (n=10), 92.9% 3

(n=13), 85.7% (n=12), 85.7% (n=12), and 92.9% (n=13) at 02

the 1- and 7-day, and 1-, 3- and 6-month follow-up visits, 0 . . . . . .

respectively (Table 2). The IOP at the 6-month follow-up 0 30 60 Tir:’:(d) 120 150 180

had been maintained below 21 mm Hg without any AGMs
in 3 eyes (21.42%). The Kaplan-Meier analysis of cumulative
survival success for ERC is shown in Figure 2. The cumulative
proportion of survival rate was 93%, 79%, 64%, and 64% at 1wk,
and at 1, 3, and 6mo, respectively. We chose to omit the 1-day
follow-up results in the Kaplan-Meier survival curve (Figure 2)
since the IOP at that time is affected by various factors, such as
lid edema, conjunctival injection and difficulties in measuring
the IOP, none of which reflect surgical outcome.

At the 6-month follow-up, there was no correlation between
the IOP percentage reduction and sex (P=0.26), the BCVA at
admission (P=0.807), age (P=0.76), the number of glaucoma
medications at baseline (P=0.167), or the IOP at baseline
(P=0.025). Although not statistically significant, a higher IOP
percentage reduction at 1mo (7=-0.508, P=0.063) and at 6mo
(r=-0.486, P=0.078) tended to be associated with a longer
interval between AGVI and ERC (Table 2 and Figure 3).
There were no intraoperative complications. None of
the eyes were re-operated for glaucoma during the 6
postoperative months. Five of the 14 eyes (43%) exhibited
early postoperative complications, including transient
corneal edema (4 eyes, 28.6%) which might be explained
by the corneal traction suture pulling the eye or possible
mild erosion by the plastic drape while the eye was rotated
downwards, and transient shallow anterior chamber which
might be due to over filtering at the space created around the
plate immediately following the surgery (one eye, 7.14%).
All of these complications resolved spontaneously during
the first week following revision. There were no tube or
plate exposures as well as no leaks due to the tight tenon and
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Figure 2 Kaplan-Meier cumulative probability of success following
excisional bleb revision with capsulectomy and mitomycin C.
20 1 e 1mo
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Figure 3 Correlation of the IOP percentage reduction with the
interval between AGVI to ERC AGVI: Ahmed glaucoma valve
implantation; ERC: Excisional bleb revision with capsulectomy and
mitomycin C; IOP: Intraocular pressure; Blue, red and green dotted
lines represent the correlation at 1, 3, and 6mo following ERC,

respectively.

conjunctival closure. No visually devastating complications,
such as endophthalmitis, persistent hypotony, phthisis bulbi
or deterioration of visual acuity to no light perception were
observed during the follow-up.

DISCUSSION

The findings of this retrospective, non-comparative, interventional
case series study demonstrated the short-term effectiveness and
safety of an ERC procedure designed to decrease the IOP in
cases of AGV failure. The median IOP and number of AGMs
was significantly decreased. The success rate at 6mo was
92.9%. No intraoperative complications and mild postoperative
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complications were identified and resolved spontaneously
during the first week of follow-up.

Several studies have shown that AGV is safe and effective in
reducing IOP in patients with primary, secondary, and refractory
glaucoma'®. Following a short-lived normal tension phase
lasting from 7 to 10d, early IOP rise (so-called “hypertensive
phase”) is a common phenomenon after GDD implantation,

"1 Inadequate IOP control

appearing in 30%-80% of cases!
and bleb fibrosis were found in the Ahmed versus Baerveldt
study to be more common in the AGV, as a valved GDD, than
in the Baerveldt glaucoma implant™. It was speculated that
the higher rate of increased IOP is related to the stimulation
of fibrosis by pro-inflammatory cytokines in the initial flow of
aqueous humor, which is immediately filtered in valved shunts
as opposed to the delayed filtration of ligated non-valved
implants™. In addition, the smaller plate surface of the AGV
is more susceptible to restriction by fibrotic tissue”’. Aqueous
humor contains various growth factors and pro-inflammatory
cytokines, such as the TGF-B, the basic fibroblast growth factor
(bFGF), epidermal growth factor (EGF), insulin-like growth
factor-1 (IGF-1), chemokines (CCL-2, CXCLI1, etc.) and

2% These cytokines contribute

different types of interleukins'
to the wound-healing response, serving as chemotactic or
mitogenic factors for fibroblasts forming a capsule®. The
collagen-rich capsule is responsible for the major resistance
to aqueous humor flow through GDD. The postoperative IOP
is poorly controlled by a thicker bleb””. Significantly higher
levels of cytokines were found in aqueous humor retrieved
from encysted blebs following tube shunt implants in which
the IOP was higher, suggesting that their levels increase with
an increase in the IOP™. It was also suggested that encysted
blebs produce cytokines'.

To address this problem of scarring and dense capsule
formation around a well-functioning GDD, the required
procedure should involve a safe excision of the dense capsule

combined with application of an anti-fibrotic agent™!

, such
as mitomycin C**, to prevent recurrent fibrosis. We injected
0.15 mL of 0.4 mg/mL mitomycin C at the site of the excised
capsule followed by a 2-minute wash with saline solution.

The literature on doses and modes of application of Mitomycin
C in glaucoma procedures is sparse'”. There are a few
therapeutic techniques to remedy GDD failure as a result of
excessive fibrosis. The most common management starts with
AGMs when the IOP begins to rise above 15 mm Hg"'*'"*",
although there is evidence of benefits starting even as early

26 . . .
[ Aqueous suppression medications, such as

as 10 mm Hg
topical acetazolamide, alpha-2 agonists, and beta blockers
are then administered. A surgical procedure is needed when
the IOP is still above target. Bleb needling with an anti-

fibrotic agent, such as mitomycin C or 5-fluorouracil (5-FU),

is a simple procedure which can be performed in an office
setting. However, the reported results are disappointing and the
procedure usually has to be repeated””. Placement of a second
GDD in the sub-Tenon or supra-Tenon space is a common
management approach in the case of initial shunt failure"™.
A second tube is usually placed in the lower quadrants of the
eye globe, and the reported success rate is 59%-92.9% after
ly of follow-up”*”. However, there is a high rate of corneal
decompensation (16%-45%). Cyclophotocoagulation with
a diode laser is a procedure usually carried out on advanced
or end-stage glaucoma patients"). It is a procedure with
unpredictable results and bears its own risks of visual acuity
deterioration, hypotony and phthisis bulbi, and is therefore
usually reserved as a last resort.

Only few studies have described the efficacy of shunt revision
and capsule excision, with success rates ranging from 42%-
75%U>1**3) Those studies had small numbers of patients,
short follow-up periods and qualified success rates, similar to
those in our study. However, they all differ from our study in
their younger population (age range 37.6-57.9y), glaucoma
types, number and types of previous surgeries, a higher
baseline IOP (30-34 mm Hg), longer intervals between the
AGVI and the ERC (1-3y), as well as the extent and location
of capsule excision and the use of anti-fibrotic agents. The
median age of our study group was 69.5y. We speculate that
milder inflammatory reaction in the relatively older population
might explain a higher success rate. A prospective comparative
study is needed to validate this assumption.

Pseudoexfoliative (PXF) glaucoma (n=5, 36%) was the most
common form of glaucoma in our study group. It is typically
a more aggressive type of glaucoma that requires more
medications, glaucoma surgeries and subsequent revisions"".
Its predominance in our study group might limit the real-world
generalizability of the results.

Although twelve patients (86%) had no history of glaucoma
surgery, 13 (93%) had a history of ophthalmic surgery. We
assume that a history of ocular surgery might have contributed
to bleb encapsulation in our study group, perhaps due to higher
conjunctival vascularization. The median baseline IOP in our
study was low (26.9 mm Hg) compared to other studies (30-
34 mm Hg). We assume that it may have contributed to the
high success rate of our study due to a presumed thinner bleb
capsule. The median AGVI-ERC interval was 8.8mo (IQR
3.91-43.67mo). Longer intervals were associated with higher
IOP percentage reduction at both 1 (»=-0.51, P=0.063) and
6mo (=-0.49, P=0.078; Figure 3). It is possible that when
surgery is postponed, the reduction of both aqueous humor
and cytokine production within the bleb wall might explain
this finding. Further studies should be done to confirm these
assumptions.
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Our study is unique in the extent of capsule excision and its
location lateral and parallel to the plate edge. Excision at
this specific site is safer in reducing the risk of tube or plate
erosion. Unlike Eslami et al'"”, who excised a narrow strip of
capsule sized 3x3 mm’, we excised at least 50% of the entire
capsular surface, exerting great care not to injure the valve
area. Furthermore, in contrast to Eslami et al'"”, who made
the surgical incision at the proximal end of the AGV plate, the
surgical incision in our study was done beside and away from
the plate’s margin in order to avoid future plate erosion.

The literature on doses and mitomycin C application in
glaucoma procedures and particularly in revision of encysted
GDD is scarce™. We used mitomycin C 0.4 mg/mL for 2min
in contrast to Eslami ez al'"*’ who used 0.2 mg/mL for the same
period of time. Higher concentration of mitomycin C at the
site of operation could explain the increase of our success rate.
Eibschitz-Tsimhoni et al* conducted a similar procedure in
a different type of failed AGV (type S-2). Their procedure
was not described in detail. Mitomycin C was not used during
the operation, however, those authors could achieve adequate
control of IOP in 73% of the patients within a mean of 330d,
perhaps due to excision of the majority of the cyst wall'”. We
speculate that a comparative study might conclude that there
is a benefit to adding intra-bleb injections of mitomycin C or
other anti-fibrotic agents to restore bleb function and prevent
further fibrosis.

The results of our study show a significant decline in the IOP
and AGMs during 6mo of follow-up (Table 2). As expected,
the success rates are high at the first postoperative week (92.9%),
with a significant decrease in the IOP (mean 14.64 mm Hg,
P<0.01) relative to the mean baseline of 26.9 mm Hg (Table 2).
This significant decrease can be explained by the large space
for drainage created immediately following the operation
around the endplate as the result of a large capsule excision.
Following one month, during which, cellular proliferation and
fibrosis may be expected, the success rate was 85.7%, with
no need for additional glaucoma medications. From the third
month to the end of follow-up at 6mo, the mean IOP was 16.5-
16.7 mm Hg (P<0.01). Our success rate at 6mo was 92.9%
(P<0.01) with low numbers of AGMs (2.14; P<0.01).

There was no significant correlation between the IOP percentage
reduction and various demographic or clinical factors, such as
sex, age, BCVA on admission, AGMs at baseline, or baseline
preoperative IOP. We therefore conclude that age above or
below 70y, sex, number of AGMs and IOP are not limiting
factors in the success rate of ERC.

The ERC procedure as described in detail in our current study
is safe, simple, cost-effective and relatively noninvasive.
The major advantage of this technique is the sparing of
conjunctival tissue for future surgery compared to second
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GDD implantation and the ability to postpone or possibly even
obviate it.
The major limitations of this study are its small sample size,
retrospective design, short-term follow-up, predominance of
PXF glaucoma that may prevent real-world generalization of
the results and the lack of a control group for comparison.
In summary, ERC as demonstrated in this study, has a high
success rate combined with a favorable safety profile for short-
term management of AGV failure. This study supports its use
as a viable treatment option for failed AGV. A prospective,
long-term study with a larger cohort and a comparative control
group is required.
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