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Glaucoma still represents the most frequent cause of irre-
versible blindness worldwide. The technological advances
lead to innovative surgeries, which are rapidly introduced in
clinical practice. New devices to lower intraocular pressure
without opening the eye wall, bypassing the trabecular mesh-
work, or shunting the aqueous humor to the suprachoroidal
space have been approved undergoing clinical assessment
within clinical trials. Currently, other devices under evalua-
tion are showing promising results. Although these methods
will increase the options available for glaucoma surgeons, it is
unclear if they could replace the present standard surgeries,
such as trabeculectomy, deep sclerectomy, and glaucoma
drainage devices. Moreover, the standard procedures are
continuously modified in different ways to become safer and
more effective.

In this issue L. Choritz et al. investigate whether increased
concentrations of endothelin-1 in the aqueous humor samples
of glaucoma patients influenced wound healing and bleb
fibrosis after standard trabeculectomy with mitomycin C.
Endothelin-1 is a potent vasoconstrictor produced in the eye
by the ciliary epithelium and to be released into the aqueous
humor. It has been implicated in the pathophysiology of
glaucoma. Endothelin-1 is believed to be involved in the
regulation of intraocular pressure (IOP) via effects on the
contractility of ciliary muscle and trabecular meshwork.

W. Niu et al. evaluated the efficacy and safety of three
different biodegradable terpolymers after trabeculectomy
in rabbit eyes compared with Ologen�. The use of these

implants aims to reduce the use of mitomycin C as an anti-
scarring agent. The first implant used was a porous collagen-
glycosaminoglycan matrix, which prevents the adhesion of
the conjunctiva and sclera and the collapse of the sub-
conjunctival space after trabeculectomy, leading to colla-
gen deposition and microcyst formation after penetrating
antiglaucomatous surgery.

Despite the increasing use of antifibrotic agents to mod-
ulate the wound healing response, bleb failure remains a
common complication of glaucoma filtration surgery. In the
paper byW. Liu et al. the needle revision and subconjunctival
mitomycin C injection were compared with needling and
subconjunctival 5-Fluorouracil injection for early dysfunc-
tional filtration blebs after trabeculectomies.

Neovascular glaucoma is one of the most recalcitrant
glaucoma types to treatment and has one of the worst
outcomes compared to other types of glaucoma. Neovascular
glaucoma often needs surgical treatment because medical
treatment fails to adequately control intraocular pressure. In a
retrospective study,H. Yan investigated the long term surgical
outcomes, treating neovascular glaucoma complicated by
vitreous haemorrhage with 23-gauge vitrectomy combined
with phacoemulsification, panretinal laser photocoagulation,
and trabeculectomy without using anti-VEGF agents.

C. Cagini et al. explored the role of canaloplasty in the
surgical management of glaucoma with an extensive review.
Canaloplasty is a nonpenetrating blebless surgical technique
for open-angle glaucoma, similar to viscocanalostomy, in
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which a flexible microcatheter is inserted within Schlemm’s
canal for the entire 360 degrees. The results of this ab
externo technique are really encouraging. S. A. Gandolfi et al.
compared canaloplasty with an ab internominimally invasive
glaucoma surgery, the Hydrus� implant. Both techniques are
innovative and aim to restore the natural pathway, dilating a
large size of Schlemm’s canal.The results of this retrospective,
comparative case series were collected after 2-year follow-up.

A. F. Resende et al. presented a review on the iStent.
This trabecular bypass stent is another minimally invasive
glaucoma surgery device that has quickly gained popularity
in the last years. Randomized controlled trials are still needed
to assess the role of these devices in glaucoma surgery.

Finally, S. Jacob et al. presented a new surgical technique,
the stab incision glaucoma surgery. Even though it looks
similar to standard trabeculectomy the main advantages are
the sliding of the superior conjunctiva without dissecting, the
creation of a superficial corneoscleral tunnel in a single step,
the punch of the internal lip of the tunnel, and finally the
suture of the conjunctival incision alone.

In summary, this issue includes different approaches
presented by diverse authors covering several topics related
to improving of standard filtering surgery and wound healing
and to new surgical techniques. This publication will pro-
vide valuable information that should be helpful in clinical
practice for the whole ophthalmology community, mainly for
glaucoma surgeons.

Michele Figus
Shlomo Melamed
Antonio Ferreras
Giorgio Marchini

Vital P. Costa
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Due to the high rates of complications and failure experienced with current glaucoma procedures, there is a continuous search
for a safer and more effective glaucoma surgery. A new class of procedures termed minimally invasive glaucoma surgeries (MIGS)
aim to fill this void by offering an alternative method of IOP reduction associated with markedly reduced complication rates and
shorter recovery times. The iStent, a trabecular microbypass stent, is a MIGS device that has quickly gained popularity. The device
allows aqueous humor to directly drain from the anterior chamber into Schlemm’s canal by bypassing an obstructed trabecular
meshwork.This review examines publications about the iStent, focusing on the device’s efficacy, safety, and cost when a single iStent
or multiple iStents are implanted in combination with cataract surgery or as a solo procedure. Current data suggest that the iStent
is a safe and effective tool in the management of mild-to-moderate glaucoma, notable for its limited complications and absence of
serious adverse events following implantation. As valuable experience is gained performing ab internoMIGS, increasing familiarity
with angle anatomy and iStent placement, and as newer stent designs are developed, there is promise of continual improvement in
the surgical management of glaucoma.

1. Introduction

Glaucoma is the leading cause of irreversible blindnessworld-
wide, affecting over 65million people [1].The primary goal in
the treatment of glaucoma is the management of intraocular
pressure (IOP), which is traditionally first attempted through
use of topical medications or laser therapy [2]. However,
when these methods fail, surgery is often required to prevent
vision loss. Due to the high rates of complications and
failure experienced with current glaucoma procedures (e.g.,
trabeculectomy and tube shunt implantation) [3], there is a
continuous search for a safer and more effective glaucoma
surgery. Through the use of novel nonpenetrating and bleb-
independent approaches, a new class of procedures termed
minimally invasive glaucoma surgeries (MIGS) aim to fill
this void by offering an alternative method of IOP reduction
associated with markedly reduced complication rates and
shorter recovery times compared with traditional glaucoma
surgery [4–6].

The iStent (Glaukos, Laguna Hills, CA), a trabecular
microbypass stent, is a MIGS device that has quickly gained

popularity since first being published by Spiegel et al. in 2007
[7]. Being the smallest US Food and Drug Administration
approved device ever implanted in the human body, the
iStent is a 1mm heparin-coated, nonferromagnetic, surgical
grade titanium stent with a ridged, snorkel design pictured
in Figure 1(a). The device allows aqueous humor to directly
drain from the anterior chamber into Schlemm’s canal by
bypassing an obstructed trabecular meshwork. Requiring
only a short surgical procedure for implantation, the iStent
benefits from a relatively fast learning curve; it is inserted
ab interno through a clear corneal incision guided by direct
gonioscopy (Figure 1(b)). Additionally, the iStent has the
potential to be a fiscally favorable alternative to traditional
treatments by reducing medication burden in the long term
[8]. Herein, we review the literature on the iStent trabecular
microbypass stent published between January 2007 and April
2016 in order to better understand its efficacy, safety, cost
considerations, and future directions. A PubMed search for
“iStent” revealed 44 articles. Each of these full-text articles
was reviewed. Secondary searches for “trabecular bypass” and
minimally invasive glaucoma surgery or “MIGS” identified
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additional relevant articles. Randomized controlled trials
(RCT) and relevant case series were included in this review
and are listed in Tables 1 and 2. Review articles and cost
studies were cited in this paper as well.

2. Outcomes of iStent Implantation with
Cataract Surgery

Although cataract surgery is known to reduce IOP by itself
(by approximately 2mmHg) [9], combining this procedure
with the implantation of an iStent through the same surgical
incision can have a greater impact on reducing IOP and
medication burden [10–12]. As such, the most popular and
well-researched use of the iStent is when its implantation
is performed simultaneously with cataract surgery. One of
the earliest reports of this combined surgery in 2008 [13]
demonstrated that 70% of subjects (𝑛 = 33/47) were able
to discontinue all previous IOP lowering medications, with
a mean IOP reduction of 5.7 ± 3.8mmHg at 6 months (25.4%
reduction,𝑃 < 0.001), a reduction greater thanwhat has been
evidenced in previous studies with cataract surgery as a solo
procedure [10, 12–15].

A 2013 prospective, uncontrolled, interventional case
series by Patel et al. [14, 16] examined the efficacy and
outcomes of the combined iStent implantation and cataract
surgery in 40 eyes with open-angle glaucoma (OAG). The
study concluded that the procedure resulted in a signifi-
cant reduction in IOP at 6 months postoperatively, with a
mean reduction of 4.4mmHg from a mean baseline IOP of
21.1mmHg (20.9% reduction, 𝑃 < 0.0001). Dependence on
topical IOP lowering medication was also reduced signifi-
cantly, with a mean number of medications reduced from
2.3 to 0.6 (𝑃 < 0.01). By a 6-month follow-up, 66% percent
of patients were medication-free, with further 20% only
requiring 1 ocular hypotensive medication; additionally all
patients on oral acetazolamide prior to surgery (𝑛 = 6) were
able to discontinue its use.

An identical case series conducted by Arriola-Villalobos
et al. [16] in 2012 examined a smaller population (𝑛 = 19)
but offered the longest follow-up for this combined procedure
currently published in literature. At a mean follow-up of 53
months, a significant reduction in mean IOP of 3.16mmHg
was still demonstrated from a baseline of 19.4mmHg (16.3%
reduction, 𝑃 = 0.002). While all subjects were using at least 1
IOP lowering medication at baseline, by the end of follow-
up 8 subjects (42.1%) still did not require any hypotensive
medication. Although limited by being an uncontrolled study
with a small sample size, these results suggest that the efficacy
of iStent implantation may persist in the long term.

The most recent published data on the long-term efficacy
of combined cataract and iStent implantation demonstrated
outcomes very similar to previous studies. In one study with a
3-year follow-up, iStent placement achieved an IOP reduction
from 24.1±6.9mmHgat the baseline to 14.9±2.3mmHg,with
use of glaucoma medications eliminated in 74% of patients
[17]. Fea et al. also published long-term results, including a
comparison between cataract extraction as a solo procedure
and cataract extraction combined with implantation of one

stent. Although not statistically significant, the microbypass
stent combined with phacoemulsification group demon-
strated a consistently reduced IOP throughout the entire
study period, starting from 17.8 ± 2.7mmHg at baseline to
16.1±2.0mmHg at 12 months and finally to 15.9±2.3mmHg
at 48 months. At long-term follow-up after washout, IOP
in the group receiving phacoemulsification alone was sig-
nificantly greater than that at baseline (20.4 ± 3.2 versus
16.7 ± 3.0mmHg, 𝑃 = 0.002) and a 14.2% difference in IOP
compared to the combined group was reported, which was
statistically significant (17.5 ± 2.3mmHg in the combined
group versus 20.4±3.2mmHg in the control group,𝑃 = 0.02)
[18].

The largest prospective, randomized, controlled trial to
be performed on this topic as of yet is a multicenter study
conducted by the US iStent Study Group [15]. The study
enrolled a total of 240 eyeswith cataract andOAGwhichwere
randomized into 2 groups to receive either phacoemulsifica-
tion alone (𝑛 = 123) or phacoemulsification combined with
a single iStent (𝑛 = 117). In 2011 Samuelson et al. [15] pub-
lished results from a 12-month follow-up, with the primary
efficacy measure defined as an unmedicated IOP ≤21. The
iStent group performed significantly better than the group
receiving phacoemulsification alone, with 72% reaching the
desired outcome of an IOP of <22mmHg without glaucoma
medications in the iStent group compared to 50% in the
control group (𝑃 < 0.001). A secondary efficacy measure
specified as an IOP reduction ≥20% without medication
resulted in a similarly significant outcome, demonstrating
18% treatment difference between subjects receiving an iStent
group and those receiving phacoemulsification alone (66%
versus 48%, 𝑃 = 0.003). While the mean reduction in
IOP was similar in both groups at 12 months (as expected
due to the study protocol calling for active management
of IOP with medication), the iStent group subjects were
able to achieve their IOP reduction with significantly fewer
medications. The time to first medication was significantly
longer in the iStent group, with control subjects taking more
ocular hypotensive medications at 1 week compared to iStent
group subjects at 1 year. At 12 months the mean decrease
in medications from baseline was larger in the iStent group
(1.4 versus 1.0, 𝑃 = 0.005) and fewer subjects in the iStent
group required IOP lowering medication compared to those
in the control group (15% versus 35%, 𝑃 = 0.001). In
2012, Craven et al. [19] reported the data from a 24-month
follow-up in the same study subjects. Although a difference
in IOP lowering medication use between the 2 groups was
no longer statistically significant (the study protocol was
not sufficiently powered for a 2-year efficacy evaluation),
a difference favoring the iStent group was still observed
when considering the same primary efficacy outcome of an
unmedicated IOP ≤21 (𝑃 = 0.036).

A meta-analysis comparing iStent implantation with
phacoemulsification versus phacoemulsification alone has
been recently published by Malvankar-Mehta et al. [11] in
2015. This meta-analysis reported that while both strategies
caused reduction of IOP and the number of medications
used in the long term, the combined iStent implantation
had significantly better results. Phacoemulsification alone
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Figure 1: Illustration of the iStent with dimensions and technical specifications (a); intrasurgical view of the trabecularmeshworkwith a direct
gonioscopy lens (b); flipped view of 2 inserted iStents under gonioscopy (c). ((a) and (b), courtesy of Glaukos Corporation; (c), courtesy of
Matt Poe, http://www.ophthalmicphotography.info/).

resulted in a 4% mean decrease in IOP from baseline; how-
ever, addition of an iStent increased this to a 9% reduction;
concurrent implantation of 2 iStents additionally improved
this to a 27% reduction in IOP. Moreover, combination
surgery resulted in a weightedmean reduction in the number
of glaucoma medications by 1.33 per patient, compared to
1.01 with phacoemulsification alone. Success of the combined
surgery continued into the long term, with the meta-analysis
finding a significant reduction of glaucoma medications by
12months postoperatively, which remained significant until 4
years of follow-up. Despite significant heterogeneity between
studies examined in the meta-analysis, the results concluded
that the combined iStent with phacoemulsification surgery
significantly outperforms phacoemulsification alone in terms
of both IOP reduction and medication burden.

3. iStent as a Solo Procedure

While currently not performed commonly, the implantation
of an iStent as a solo procedure has been advocated for
by some authors. The earliest studies on this topic were
prospective, interventional case series on patients with OAG
published by Spiegel et al. in 2007 [7]. The study demon-
strated a mean IOP reduction of 23.9% among the 6 patients
examined in the study, from a baseline of 20.2 ± 6.3mmHg
to 15.3 ± 3.7mmHg. Buchacra et al. [20] published results
from a similar case series in 2011 which examined 10 patients
with secondary OAG (including traumatic, steroid induced,
pseudoexfoliative, and pigmentary glaucoma) who under-
went single iStent implantation without cataract surgery. Of
the 10 patients enrolled in this study, 7 had phakic lenses.The
surgery was found to be effective, with 8 patients averaging
a 27.3% reduction in IOP after 12 months. Additionally, the
solo procedure proved to be very safe, with no complications
reported among phakic eyes.

A prospective, nonrandomized study conducted by
Ahmed et al. [21] examined the efficacy of 2 iStents implanted
simultaneously in a solo procedure (Figure 1(c)). The study
enrolled 39 phakic subjects with OAG which were on 2 IOP
lowering medications preoperatively. Following a washout
of all medications, subjects received iStent implantation
surgery and were concurrently started on travoprost topical
medication. From a mean baseline prewashout IOP of 22.2 ±

2.0mmHg, IOP was reduced to 14.0 ± 2.2mmHg by 1
month and 13.0 ± 2.4 by 12 months, with reduction of 1
medication. At the 12-month follow-up, all 39 subjects had
achieved an IOP ≤18mmHg and a reduction ≥20% from
baseline solely on travoprost. Moreover, 29 patients (74.4%)
achieved an IOP reduction ≥40% from baseline. Following a
washout leading up to a 13-month follow-up, it was observed
that the mean unmedicated IOP decreased from 25.3 ±
1.8mmHg preoperatively to 17.1 ± 2.2mmHg, with an IOP
reduction of 8.2mmHg or 32.4%. The results suggest that
iStent implantation could serve as a substitute for patients
using multiple ocular hypotensive medications. Results from
a 5-year follow-up on the same subjects are pending and may
help elucidate long-term effects of solo iStent implantation.

One control trial has been conducted examining the
potential for increased efficacy with the addition of a third
iStent in a solo procedure. Conducted by Belovay et al.
in 2012 [22], the study compared the use of 1, 2, or 3
iStents, with 30 patients enrolled in each of the 3 groups. It
showed that the group that simultaneously received 3 iStents
presented with a mean IOP of 12.9 ± 1.6mmHg at 6 months
postoperatively, compared to a baseline of 24.3 ± 3.7mmHg,
with a reduction of 41%. While this outperformed the single
iStent group, which experienced a mean IOP reduction of
31%, it performed similarly to the 2 iStents group which had
an identical IOP reduction of 41%.

A prospective pilot study evaluated the solo implantation
of 2 iStents in 39 patients using one topical IOP lowering
medication prior to washout.The primary end point was IOP
reduction ≥20% without medication compared to baseline
unmedicated IOP at 12-month follow-up and a secondary
end point of IOP ≤18mmHgwithoutmedication at 12-month
follow-up. The primary and secondary efficacy end points
were each achieved by 92.3% of subjects (𝑛 = 36; 95% CI:
79.1%, 98.4%). Additionally, mean reduction in IOP from
baseline was 44%. Most subjects maintained these target IOP
thresholds through month 36, with an IOP reduction ≥20%
achieved by 86.2% (𝑛 = 25; 95% CI: 68.3%, 96.1%) and IOP
≤18mmHg achieved by 89.7% of patients (𝑛 = 26; 95% CI:
72.6%, 97.8%) [23].

Katz et al. also evaluated the efficacy and safety of the
implantation of 1 or multiple iStents as a solo procedure.
Subjects were submitted to washout and divided into groups
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to receive either 1 (𝑛 = 38), 2 (𝑛 = 41), or 3 (𝑛 =
40) stents. The same primary efficacy end point of an IOP
reduction ≥20% without medication at 12 months compared
to baseline unmedicated IOP and secondary end point of
IOP ≤18mmHg without medication at 12 months were used
in this study. Additional measures included a proportional
analysis of subjects with IOP ≤15mmHg at 12 months. For all
analyses of efficacy, patients could not be using topical ocular
medication at 12 months and must not have undergone any
additional surgical procedures for glaucoma by month 12.

Both the primary and secondary efficacy end points were
achieved by 89.2% of one-stent, 90.2% of two-stent, and
92.1% of three-stent subjects. At 12-month follow-up, an IOP
≤15mmHg without medication was achieved by 64.9% (𝑛 =
24, 95% CI: 47.5%–79.8%) of one-stent subjects, 85.4% (𝑛 =
35, 95% CI: 70.8%–94.4%) of two-stent subjects, and 92.1%
(𝑛 = 35, 95% CI: 78.6%–98.3%) of three-stent subjects.
Following a 1-month medication washout period at month 12
for eyes on medication, mean unmedicated IOP at months
12–13 were 14.9 ± 1.9mmHg, 13.6 ± 2.1mmHg, and 12.7 ±
2.1mmHg in the three respective groups. IOP reduction was
sustained in each of the groups throughout the 18-month
postoperative period, with a greater reduction observed in
the multiple-stent groups versus the one-stent group. At 18
months, mean IOP was 15.6 ± 1.5mmHg in the one-stent
group, 13.8 ± 1.3mmHg in the two-stent group, and 12.1 ±
1.2mmHg in the three-stent group [24].

A recent 2015 meta-analysis assessing solo iStent implan-
tation, conducted by Malvankar-Mehta et al. [25], examined
5 studies with a total of 248 subjects for quantitative synthesis.
Despite significant heterogeneity between studies, the meta-
analysis concluded that a 22% weighted mean IOP reduction
from baseline was observed at 18 months after 1 iStent was
implanted, 30% weighted mean IOP reduction from baseline
was observed at 6 months after 2 iStents were implanted,
and 41% weighted mean IOP reduction from baseline was
observed at 6 months after 3 iStents were implanted, with
a statistically significant reduction found in all 3 groups.
Additionally, a significant reduction in ocular hypotensive
medication use was seen after implantation in all 3 groups,
with a mean reduction of 1.2 bottles per patient at 18 months
after 1 iStent was implanted, 1.45 bottles per patient at 6
months after 2 iStents were implanted, and 1 bottle per patient
at 6months after 3 iStents were implanted. Although data was
limited by the fact that only a single study had examined the
impact of 3 iStents, results suggested that the IOP decrease
correlates positively with the number of iStents injected.
Overall, themeta-analysis concluded that iStent implantation
as a solo procedure is effective in lowering IOP and reducing
dependency on topical glaucoma medications.

4. Complications of iStents

A key aspect of the iStent, as a MIGS device, is its favorable
safety profile. Clinical trials and case series have consistently
reported few to no adverse events following its implantation
[10, 15, 19, 26]. Moreover, when complications occur they
are often due to issues with the simultaneously performed

cataract surgery rather than the result of issues with the iStent
itself.

The randomized control trial for the iStent Study Group,
reported on by Samuelson et al. [15] and Craven et al. [19],
found that, among the 240 eyes enrolled, implantation of the
iStent along with cataract surgery did not result in substantial
additional risk or adverse events. The increased efficacy
demonstrated in the iStent group during the 24-month study
was achieved with no compromise in visual outcomes and
with a safety profile comparable to cataract surgery alone.
The most common early postoperative complications found
in the iStent group were related to iStent malpositioning and
obstruction (by iris, blood, etc.). Incidence of these events in
the iStent StudyGroupwas 3% and 4%, respectively. A variety
of options for managing these complications have proven
to be safe and clinically viable, ranging from observation
while waiting for spontaneous resolution to more aggressive
options such as laser therapy, stent repositioning, or stent
replacement. In the iStent Study Group, 5 subjects who
received an iStent (4.5%) required secondary surgery to fix
iStent related complications (3 stent repositionings, 1 stent
replacement, and 1 laser iridoplasty). Importantly, there was
no evidence of any severe adverse events following iStent
implantation.

While reports ofmost complications are consistent across
all studies, other studies have found awide range in frequency
of complications related to iStent malpositioning. Compared
to the iStent Study Group results of a 3% incidence among
subjects, a 2010 study by Fernández-Barrientos et al. [26]
found that 6 of 34 (17.6%) iStents were malpositioned upon
follow-up, and results from Fea in 2010 [10] showed that 2
of 12 (16.7%) were malpositioned. It is notable, however, that
none of these cases led to any significant adverse events,
nor did any require resurgery. It is likely that this variation
among reported results is largely due to a lack of specific
standardized criteria defining malpositioning, along with the
absence of a universal protocol for determining if surgical
intervention is necessary. Among studies examined in this
review, surgical intervention (e.g., iStent repositioning or
removal) or laser procedures were necessitated in 4.5% to
11.3% of study subjects that experienced complication related
to iStent malpositioning and obstruction.

Hyphema is another complication seen in the early
postoperative stage and is usually a consequence of blood
reflux from the iStent. It is in fact a sign that indicates patency
of the iStent and typically resolves spontaneously within 1
week postoperatively. Studies where hyphema was reported
largely did not specify if it was a notable complication or
normal reflux as a result of the procedure. Given this, the
reported frequency of this complication varies greatly among
studies from 2.3% to 70% [14, 20].

One rare complication occurs when an ophthalmologist
cannot locate an implanted iStent under gonioscopy post-
operatively, with one such example of this seen in a study
by Fea et al. [27] published in 2014. Ichhpujani et al. [28]
conducted a laboratory study in 2010 testing the efficacy of
3 different imaging technologies in their ability to locate a
deliberately misplaced iStent. The results demonstrated that
ultrasound biomicroscopy was able to locate the “missing”
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Figure 2: Illustration of the second-generation iStent inject (a); size comparison of the iStent inject (b); schematic illustration of iStent inject
placement in trabecular meshwork (c). ((a)–(c), courtesy of Glaukos Corporation).

iStents with the best reliability, compared to optical coherence
tomography and B-scan ultrasonography.

5. iStent inject

Thenewer, second generation of the iStent is a smaller version
of the original model (Figures 2(a) and 2(b)), called the GTS-
400 iStent inject (Glaukos, Laguna Hills, CA). Developed to
reduce IOP in the same safe and effective way, the iStent
inject is proposed to have an easier learning curve largely
due to the device’s completely different structure compared to
the first generation, notably evidenced by the absence of the
snorkel (Figures 2(a) and 2(c)). The new device also includes
a modified injector that can be simultaneously loaded with
2 stents, an important improvement that allows surgeons to
place both stents with a single entry into the eye. Bahler et
al. [29] conducted a laboratory study with the new device
utilizing human donor eyes, with a method similar to what
has already been performed with first-generation iStent.
The results demonstrated that addition of a second iStent
significantly increased the outflow.

One of the first reports on the iStent inject was published
in 2013 by Arriola-Villalobos et al. [30], in which 20 patients
underwent combined phacoemulsification and implantation
of 2 iStent inject stents as part of a prospective, uncontrolled,
interventional case series study. At a 12-month follow-up, the
mean washout baseline IOP of 26±3.1mmHg was decreased
by 35.7% to 16.7 ± 2.2mmHg (9.4 ± 3mmHg reduction, 𝑃 <
0.001). Mean number of glaucomamedications also fell from
1.3 ± 0.6 to 0.3 ± 0.5 (𝑃 < 0.001), with 75% patients still
completely off medication at 1 year. The study observed no
adverse events and concluded that combined cataract surgery
with implantation of 2 iStent inject stents seems to be a safe
and effective procedure.

In 2014, Voskanyan et al. [31] presented results from a
prospective, multicenter, open-label study on the implan-
tation of 2 iStent inject stents as a solo procedure in
99 phakic and pseudophakic subjects with OAG. At a
12-month follow-up, mean baseline washout IOP values
decreased by 10.2mmHg (39.7% reduction) from 26.3 ± 3.5
to 15.7 ± 3.7mmHg. Additionally, 66% of subjects had an
IOP ≤18mmHg without medication, and 81% achieved an
IOP ≤18mmHg with either 1 or no medications. Medication
burden also improved in 86.9% of subjects, with 15.2% expe-
riencing a reduction of 1 medication and 71.7% discontinuing
use of 2 or more medications postoperatively.

Fea et al. [27] conducted a prospective, multicenter,
randomized clinical trial in 6 countries, enrolling OAG
patients with uncontrolled IOP on 1 medication who either
underwent implantation of 2 iStent inject stents or received
medical therapy consisting of a fixed combination. Ninety-
four patients were enrolled in this study for the iStent group,
the majority of whom were phakic (98%) and Caucasian
(100%). After 12 months of follow up, 94.7% of the eyes in
the iStent group reported an IOP reduction ≥20% without
use of any medications.Themean baseline IOP after washout
was 25.2 ± 1.4mmHg, and after 12 months the mean IOP
decreased to 13.0 ± 2.3mmHg. A favorable safety profile was
achieved in the iStent group as measured by a stable best
corrected visual acuity and cup-to-disk ratio among subjects
throughout the study, as well as few adverse events.

Complication rates with the iStent inject have been found
to be comparable to those from the previous model. It is
notable that Klamann et al. [32] showed that blood reflux
occurred in 91% of the surgeries involving the iStent inject;
however, there was no incidence of complicated hemorrhage.

6. Cost Considerations

There is a lack of studies considering the cost effectiveness
of the iStent; there exists only 1 published study to date on
this topic [8]. The study, based in Canada, demonstrated that
implantation of 2 iStents could possibly reduce the costs of
the glaucoma treatment in comparison to the use of topical
medications. Over a 6-year period, potential savings were
estimated to be CA$1272when comparing the iStent to a drug
regimen using 2 medications and CA$2124 when compared
to 3 medications. The study was limited by solely consid-
ering the placement of 2 simultaneous iStents, a relatively
uncommon practice that is not approved in some countries
(e.g., United States). Further limitations arose from difficulty
predicting the effective duration atwhich iStents can continue
to control IOP due to the lack of randomized controlled
trials with long-term follow-up times. It is also important to
be aware of variation in cost of medications, surgery fees,
and many other variables like the cost of the device itself.
The financial viability of the iStent device will play a crucial
role for patients and doctors when deciding to implement
this technology, making it critical for more studies to be
conducted on this topic.
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7. Conclusion

The considerable focus and interest of the medical com-
munity with MIGS in the last decade demonstrates that
ophthalmologists are anxious for advancements in the sur-
gical treatment of glaucoma. It is clear that single trabecular
microbypass stents do not have an IOP reducing power
comparable to more invasive surgeries such as trabeculec-
tomy or tube shunt surgery. However, it is important to
understand that the iStent is not intended to totally replace
these procedures. MIGS, such as the iStent, instead have the
potential to be a valuable option for glaucoma surgeons due
to their precise indications, consistent efficacy, and ability
to increase patient prognosis and quality of life. Additional
high quality randomized controlled trials are still needed to
confirm the advantages of MIGS over cataract surgery alone
[33].

The favorable safety profile consistently demonstrated
across studies is one of the key features of the iStent, as
the potential for serious adverse events can be a significant
deterrent for patients and physicians when considering sur-
gical interventions during the initial and moderate stages
of glaucoma. New devices are continually being developed
and improved, and current MIGS devices are likely only the
beginning of a new era in glaucomamanagement. As valuable
experience is gained performing ab internoMIGS, increasing
familiarity with angle anatomy and iStent placement, and
as newer stent designs are developed, there is promise
of continual improvement in the surgical management of
glaucoma.
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Canaloplasty is a nonpenetrating blebless surgical technique for open-angle glaucoma, in which a flexible microcatheter is inserted
within Schlemm’s canal for the entire 360 degrees. When the microcatheter exits the opposite end, a 10-0 prolene suture is tied
and it is then withdrawn, by pulling microcatheter back through the canal in the opposite direction. Ligation of prolene suture
provides tension on the canal and facilitates aqueous outflow. The main advantage of canaloplasty is that this technique avoids the
major complications of fistulating surgery related to blebs and hypotony. Currently, canaloplasty is performed in glaucoma patients
with early to moderate disease and combination with cataract surgery is a suitable option in patients with clinically significant lens
opacities.

1. Introduction

Glaucoma is linked to substantial social and economic costs
due to its prevalence and deleterious impact on quality of
life. Although more than 66 million people worldwide are
estimated to be affected, up to 50% of glaucoma cases are
undiagnosed [1]. Several studies demonstrated that, low-
ering intraocular pressure (IOP), the principal risk factor
for glaucoma progression reduced the progression rate and
efficiently preserved sight [2–4]. Standard glaucoma treat-
ment is drug therapy followed by surgery when optimal
disease control is not obtained. Trabeculectomy, the gold
standard in glaucoma surgery, drains the aqueous humor
from the anterior chamber to the subconjunctival space
but is associated with a high rate of complications, that is,
hypotony, hyphema, choroidal detachment, suprachoroidal
hemorrhage, blebitis, and bleb-associated endophthalmitis
[5, 6]. Consequently, innovative surgical techniques, such
as viscocanalostomy and canaloplasty, were proposed to
control IOP. Canaloplasty may be considered the evolution
of viscocanalostomy which was described by Stegmann in
1985 [7]. As a nonperforating, blebless surgical technique,
canaloplasty was first performed by Lewis et al. in 2007 [8].

It aims at restoring natural aqueous outflow by means of
Schlemm’s canal dilation which is achieved by tensioning
with a 10.0 polypropylene suture. Canaloplasty has aroused
substantial interest among surgeons over the last few years.

2. Patient Selection

Correct patient selection is the key to canaloplasty success.
Canaloplasty is indicated for patients with mild-to-moderate
primary open-angle glaucoma and a low-to-mid-IOP target
[9]. Best indications are primary open-angle glaucoma, pseu-
doexfoliation glaucoma, and pigmentary glaucoma. Canalo-
plasty is also indicated for patients with advanced glaucoma
who are not candidates for trabeculectomy. It may be rec-
ommended for patients with thin conjunctiva who could be
at risk of bleb leaks and for individuals who cannot comply
with the posttrabeculectomy care schedule [10]. After failed
trabeculectomy, canaloplasty may be successful in patients
with an undamaged Schlemm’s canal. Counterindications
to canaloplasty are conditions with a trabecular meshwork
obstruction that prevents adequate cannulation of Schlemm’s
canal. These include chronic angle closure, narrow angles,
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Figure 1

angle recession, neovascular glaucoma, ocular hypertension
due to increased episcleral venous pressure and previous
surgery that precludes Schlemm’s canal cannulation such as
trabeculectomy, trabeculotomy, goniotomy, and argon laser
trabeculoplasty [11].

3. Surgical Procedure

Canaloplasty is an ab externo procedure. A 10-0 polypropy-
lene suture is positioned within Schlemm’s canal for 360∘
and then tensioned to dilate the canal and restore natural
aqueous outflow. Canaloplasty is usually performed in the
upper quadrants, with access through the upper-temporal or
upper-nasal quadrants. Some surgeons do, however, perform
surgery in the lower quadrant. Although a retrobulbar block
is commonly used, subconjunctival and topical anaesthesia
is sometimes preferred. The eye is infero-ducted by placing
a clear corneal traction suture near the limbus, and surgery
starts by dissecting the fornix-based conjunctival flap. Careful
conjunctiva and Tenon’s capsule dissection should be fol-
lowed by wet-field cautery. Antimetabolites are not used.
Then, a nonpenetrating double-flap dissection of the sclera
exposes Schlemm’s canal. First, a square-shaped, triangular,
or parabolic superficial scleral flap is created. Approximately
one-third to half-scleral thickness, it is 5mm wide and
5mm long. This flap must be dissected up to the clear
cornea about 1.5/2.0mm over the limbus. Second, a deep
scleral flap is dissected. A little smaller than superficial flap
(one-half to one millimeter), its dissection plane should
be immediately superficial to choroid. The deep scleral
flap is dissected until ciliary body/choroid becomes visible
(Figure 1) and Schlemm’s canal is opened and deroofed by
removing its inner wall (Figure 2). A paracentesis is then
performed to lower IOP and reduce the risk of perforating
the trabecular-Descemet membrane. The deep scleral flap is
removed. Schlemm’s canal openings are carefully dissected.
One opening is cannulated using a flexible microcatheter
(iTrack, iScience Interventional, Menlo Park, CA, USA)
(Figure 3) which is pushed forward through the entire
circumference of Schlemm’s canal until it exits the other
end. The microcatheter is 200 microns in diameter and its
tip is illuminated by a laser-diode microillumination system
(iLumin by iScience Interventional, Menlo Park, CA, USA)
which easily identifies the distal tip through the sclera as

Figure 2

Figure 3

it advances in the canal. When the microcatheter exits the
opposite end, it is tied to a 10-0 polypropylene suture and
is then withdrawn, by pulling it back through the canal
in the opposite direction (Figure 4). During withdrawal,
a dedicated injector inserts a small amount of viscoelastic
material into Schlemm’s canal every two hours. When the
microcatheter encounters a stop the surgeon should not force
the viscoelastic material any further because Schlemm’s canal
rupture could cause collector channel blood to pool in the
Descemet detachment, increasing the risk of intracorneal
hematoma formation.

When the suture arrives at the original end, it is cut
from the microcatheter and the two ends are carefully
tightened to pull the trabecular meshwork inwards. Achiev-
ing correct suture tension is crucial for success. Adequate
contraction is needed for homogeneous stretching of the
entire circumference but excessive contraction could break
the inner wall (Figure 5). Correct suture positioning and
canal tension are checked intraoperatively by means of a
high-resolution ultrasound system (iUltrasound, iScience
Interventional, Menlo Park, CA, USA). After deep scleral flap
excision, the superficial scleral flap is closed tightly with 10-
0 vicryl (or nylon) sutures. Watertight closure is essential to
prevent bleb formation. The conjunctival flap is then sutured
with 10-0 vicryl sutures [9, 12].

One of the major difficulties in canaloplasty is the
tension suture placement and tightening. A flexible stent,
the Stageman Canal Expander (SCE) (Ophthalmos GmbH,
Schaffhausen, Switzerland) was developed to overcome this
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Figure 4

Figure 5

problem and tomake canaloplasty easier.This 9.0mmflexible
stent is made of polyamide and is designed to fill a quarter
of Schlemm’s canal circumference, thus maintaining dilation
and allowing the aqueous humor to access collector channels
through its fenestrations. Using a 6/0 carrier, stents are placed
in Schlemm’s canal after microcatheter dilatation. When the
microcatheter is withdrawn, stents are placed inside both
ends. Stents overcome the obstacle of angles over Schlemm’s
canal that the polypropylene prolene tip finds difficult to pass
over [12, 13].

4. Postoperative Treatment

Postoperatively, patients usually are treated with third or
fourth generation fluoroquinolone drops 4 times daily for
1 week and with steroid drops 4 times daily for 1-2 weeks.
Steroid therapy is generally tapered in the following 15–
30 days. Some authors also administer nonsteroid anti-
inflammatory drops in the first month of therapy [9].

5. Mechanism of Action

How canaloplasty lowers IOP is not fully understood but
enlargement of Schlemm’s canal and collector channels
probably plays a role. In fact, canaloplasty is less likely
to be successful in eyes with a nonreversible collapse of
collector channels or other outflow pathways that cannot be
mechanically enlarged. Since the effect of canaloplasty on IOP
appears to be correlated, at least in part, to suture tension,

some authors tried to measure the suture stent distension
of Schlemm’s canal inner wall. In a multicenter study using
high-resolution anterior segment ultrasound biomicroscopy
(UBM), Lewis et al. assessed the relationship between IOP
reduction and the degree of canal distension. A grading
system of suture tension on Schlemm’s canal was created
and eyes with a discernable postoperative distension were
identified (first group) and compared to eyes without (second
group). After two years, IOP was reduced by 31% in the
first group and by 20% in the second [14]. Using UBM and
anterior segment optical coherence tomography, Brandao et
al. [15] quantified Schlemm’s canal distension preoperatively
and at 12 and 36 months after surgery. Both methods were
equally efficient in identifying the suture/stent generated
inner wall which did not change significantly over time.
Moreover, when pre- and postoperative IOP differences were
large, there was a tendency towards a greater Schlemm’s canal
distension, suggesting the tensioning suture contributed to
IOP reduction. An adjunctive mechanism for IOP decrease
could be enhanced aqueous humor filtration across the sclera
and conjunctiva. Indeed, after successful canaloplasty, con-
focal laser-scanning microscopy demonstrated an increase
in conjunctival microcysts, which are a sign of enhanced
aqueous humor filtration across the sclera and conjunctiva
[16].

6. Results

Reports concurred that canaloplasty effectively achieved
good short- and long- term IOP reductions.

In 2007, Lewis et al. [8] published the results of a 1-
year international multicenter prospective study, showing
that canaloplasty reduced IOP by 36%. In 2009, the same
authors [14] presented a 2-year follow-up of patients after
canaloplasty, finding a 30% decrease in IOP (from 23.2 ±
4.0 to 16.3 ± 3.7mmHg). Need for medications also dropped
from 2.0 ± 0.8 to 0.6 ± 0.8. Grieshaber et al. [17] published
results of canaloplasty in 32 Caucasian subjects, observing
that, without medications, mean IOP fell from 27 ± 5.6 to
12.8 ± 1.5mmHg 12 months after surgery. Complete success
(IOP < 21mmHg without medications) was achieved in
93.8% of patients, IOP < 18mm Hg in 84.4% of cases, and
IOP < 16mmHg in 74.9%.

Grieshaber et al. [18] performed a long-term analysis in
2010 of canaloplasty outcomes in 60 black Africans with a
mean preoperative IOP of 45±12.1mmHg. At 3 years, with a
mean follow-up of 30.6 ± 8.4months, the mean IOP without
medications was 13.3 ± 1.7mmHg. Complete success (IOP
< 21mmHg without medications) was reached in 77.5% of
patients and partial success (IOP < 21mmHgwith or without
medications) in 81.6%. In 2011, Lewis et al. [19] reported the
results of a 3-year internationalmulticenter prospective study
on canaloplasty, as performed on 157 eyes with open-angle
glaucoma. Preoperatively, mean IOPwas 23.8±5mmHg and
number of medications was 1.8 ± 0.9. After three years, IOP
decreased to 15.2±3.5mmHgand the number ofmedications
fell to 0.8 ± 0.9, with 36.1% IOP reduction from baseline.
Complete success (IOP < 18mmHg without medications)
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was achieved in 36% of patients and partial success (IOP <
18mmHg with or without medications) in 77.5% [19].

In 2011, Bull et al. [20] analyzed the efficacy of canalo-
plasty in European patients with open-angle glaucoma,
reporting 3-year outcomes in a series of 93 eyes. Mean IOP
dropped from 23.0±4.3 to 15.1±3.1mmHg and the number
of medications fell from 1.9 ± 0.7 to 0.9 ± 0.9. In 2014,
Borisuth et al. [10] reported 3-year canaloplasty results in
214 eyes with open-angle glaucoma in patients who were
under maximum medical therapy before surgery. The mean
preoperative IOP of 29.4 ± 7.9mmHg decreased to 17.0 ±
4.2mmHg (42.2% mean IOP reduction). Complete success
(defined as a postoperative IOP ≤ 21mmHg, ≤18mmHg and
≤16mmHg without any medical treatment) was achieved
in 44.8%, 31.0%, and 24.1% of patients, respectively, while
partial success (defined as a postoperative IOP ≤ 21mmHg,
≤18mmHg, and ≤16mmHg with or without medical treat-
ment) was achieved in 86.2%, 58.6%, and 37.9% of patients,
respectively.

In 2015, Voykov et al. [21] reported a 5-year follow-up on
canaloplasty, observing the IOP reduction rate was similar
to the 3-year rate. At 1, 3, and 5 years, complete success
rates for IOP < 21mmHg were, respectively, 37%, 28%, and
10%, which are lower than the reported 40%–45% after three
years. The low 5-year complete success rate could be a sign of
canaloplasty losing efficacy over time. In this series, 65% of
eyes required further surgery for IOP control.

Comparative studies showed canaloplasty was more effi-
cacious in reducing IOP than viscocanalostomy [22] but less
so than trabeculectomy with mitomycin C [23–25]. In a 1-
year follow-up study, Ayyala et al. reported the mean IOP
reduction was 32% after canaloplasty and 43% after tra-
beculectomy with mitomycin C; furthermore, postoperative
need for medical therapy was 36% in the canaloplasty group
and 20% in the trabeculectomy group [23].

Brüggemann et al. performed another comparative study
on 30 eyes in 15 patients. They had trabeculectomy with
mitomycin C in one eye (group 1) and canaloplasty in the
other (group 2). After 1 year, mean IOP decreased from 26.3±
10.9 to 11.6 ± 5.2mmHg in group 1 and from 26.8 ± 6.4
to 13.2 ± 2.8mmHg in group 2. The number of glaucoma
medications fell from 2.7 to 0.4 ± 0.7 in group 1 and from 2.5
to no medication in group 2. Moreover, the trabeculectomy
group required a longer postoperative hospital stay (10.4±2.8
versus 5.4±1.0 days) as well as more postoperative check-ups
(8.5 ± 3.6 versus 3.9 ± 0.8) and interventions [24].

In 2014, in a retrospective study, Thederan et al. [26]
compared outcomes in 22 eyes after trabeculectomy and in
22 eyes after canaloplasty. Mean IOP in the trabeculectomy
and canaloplasty groups decreased from 23.9 ± 10.7 to 10.8
± 3.7mmHg and from 23.7 ± 7.6 to 14.5 ± 3.8mmHg,
respectively. Complete success (defined as IOP < 21mmHg
and 20% IOP reduction from baseline without medication),
was achieved in 18 eyes (81.8%) after trabeculectomy and in 11
eyes (50.0%) after canaloplasty [26]. In a prospective, 2-year
follow-up randomized clinical trial, Matlach et al. compared
outcomes of canaloplasty and trabeculectomy in open-angle
glaucoma. They observed that both approaches significantly
reduced IOP. The mean absolute IOP reduction was 10.8

± 6.9mmHg after trabeculectomy and 9.3 ± 5.7mmHg after
canaloplasty while the mean IOP was 11.5 ± 3.4mmHg after
trabeculectomy and 14.4 ± 4.2mmHg after canaloplasty.
Complete success (IOP ≤ 18mmHg without medication)
was achieved in, respectively, 74.2% and 39.1%, while partial
success (IOP ≤ 18mmHg with or without medication) was
achieved in 67.7% after trabeculectomy and in 39.1% after
canaloplasty. Following trabeculectomy, complications were
more frequent and included hypotony (37.5%), choroidal
detachment (12.5%) and elevated IOP (25.0%) [25].

In 2014, Klink and coworkers [27] assessed quality of
life and patient satisfaction after canaloplasty and trabeculec-
tomy. Patients reported a better quality of life after canalo-
plasty, particularly with regard to positive postoperative
mood, satisfaction with outcome, and lower rates of visual
and nonvisual symptoms. In the trabeculectomy group, the
authors registered higher stress rates due to surgery, postsur-
gical treatments, and check-ups and a lower satisfaction rate.
They reported that 41% of patients were highly satisfied after
trabeculectomy and 57% after canaloplasty. No intergroup
differences emerged in restriction from social contacts and
loss of independence.

7. Combined Surgery

Combining canaloplasty and phacoemulsification surgery is a
suitable option in patients with clinically significant cataract.
Cataract surgery alone is known to reduce IOP but the effect
is generally small, probably because the wider angle and
trabecular meshwork tensioning increased aqueous humor
outflow [28]. The combined approach provided a greater
hypotensive effect than canaloplasty alone [19, 29]. Angle
architecture modification probably resulted in a more open
configuration and in trabecular meshwork tensioning which
increased aqueous humor outflow [28, 29].

In 2009, Lewis et al. [14] presented a 2-year follow-up of
patients after phacocanaloplasty, finding a 42% decrease in
IOP. IOP dropped from 23.1± 5.5 to 13.4± 4.0mmHg and the
number of medications fell from 1.7 ± 1.0 to 0.2 ± 0.4. In a 3-
year study after phacocanaloplasty, Lewis et al. found a 42.1%
reduction in IOP from baseline. The mean IOP decreased
from 23.5 ± 5.2mmHg with 1.5 ± 1.0 medications to 13.6 ±
3.6mmHg with 0.3 ± 0.5 medications. Use of hypotensive
medications was reduced in 80% of patients [19]. In 2011, Bull
et al. analyzed the efficacy of phacocanaloplasty in 16 eyes.
The mean preoperative IOP fell from 24.3 ± 6.0mmHg with
1.5 ± 1.2 medications to 13.8 ± 3.2mmHg with 0.5 ± 0.7
medications after 3 years [20].

Similar results were found by Matlach et al. [30] 12
months after surgery. Phacotrabeculectomy lowered IOP
more than phacocanaloplasty, but the difference was not sig-
nificant. Moreover, the phacotrabeculectomy group needed
fewer glaucoma medications (0.2 ± 0.4) than the phaco-
canaloplasty group (1.0 ± 1.5). In 2015, Schoenberg et al. [31]
observed that phacocanaloplasty and phacotrabeculectomy
resulted in comparable mean IOP at 12 months and they
reported significant reduction in IOP and improvement in
visual acuity with comparable success rates.
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In 2015, in a comparative, prospective, randomized study,
Rękas et al. [32] reported 1-year outcomes after phaco-
canaloplasty and phaco-nonpenetrating deep sclerectomy.
Both techniques effectively reduced IOP with similar effi-
cacy and safety profiles. Patients who underwent phaco-
nonpenetrating deep sclerectomy required additional proce-
dures like 5-FU injections, suture lysis, or needling, while
phacocanaloplasty patients required no additional proce-
dures.

8. Adverse Events

Although the rate of complications, particularly severe com-
plications, is lower after canaloplasty than trabeculectomy
[23], surgeons need to be aware of potential pitfalls that can
occur during and after canaloplasty. Inability to cannulate
Schlemm’s canal is a major intraoperative complication as
cannulation is successful in only 74–89.9% of cases [9,
19, 20, 29]. Failures may be due to anatomical anomalies
of Schlemm’s canal, to trabecular meshwork scars due to
previous argon laser trabeculoplasty, or to surgical inexperi-
ence [19, 29]. When cannulation fails, the operation can be
converted to deep sclerectomy or to viscocanalostomy [9].

Microcatheter escape from Schlemm’s canal into sur-
rounding structures is a rare complication. Grieshaber et al.
reported catheter penetration of the anterior chamber in one
case and of the suprachoroidal space in another [18]. These
two cases accounted for 3.3% of all complications in the
Grieshaber study.

Descemet’s membrane detachment in 1.6–9.1% of cases is
another rare intraoperative complication [9, 17, 19, 20, 29]. It
may occur if, upon encountering a difficulty in cannulation,
attempts to force injection of viscoelastic material lead to
channel rupture [9]. Descemet’s membrane detachments are
usually limited in size (1-2mm) and resolve spontaneously,
but sometime they may reach the visual axis and require
surgery [33].

Postoperative complications are divided into early (1–
10 days after surgery) and late (2–5 weeks after surgery).
The most common early postoperative complication, which
is observed in 6.1% to 85.2% of cases, is bleeding from
Schlemm’s canal into the anterior chamber on the first day
after surgery [9, 19, 20, 34]. Blood reaching the anterior
chamber from the collector channels is considered a pos-
itive prognostic factor because it may indicate the outflow
pathways are open and functioning [34]. Hyphema is usually
transient, resolving spontaneously andwithout consequences
in up to one month [17, 19, 20].

A transient increase in IOP that can reach 30mmHg
or more is another early postoperative complication that
was reported in 1.6–18.2% of eyes. It is probably due to
residual viscoelasticmaterial in Schlemm’s canal that prevents
aqueous humor from passing into the collector channels.
IOP usually stabilizes after 24–48 hours when all residual
viscoelastic is reabsorbed [9] and the increase rarely persists
for 3-4 weeks. Should it do so, laser goniopuncture might be
efficient.

Hypotony, a rare, transient complication (0.6%–9.8%) [9,
19, 20], is due to superficial flap sutures not being watertight.

Late complications of canaloplasty include cataract for-
mation in 12.7% to 19.1% of patients according to diverse
studies [19, 20] and long-term failure which may be treated
with laser goniopuncture to reduce IOP and, if that fails,
trabeculectomy.

Bleb formation is rare (2.5%) especially after phaco-
canaloplasty [19, 35].

9. Conclusions

Canaloplasty appears to be a valid alternative to conventional
glaucoma surgery because of its efficacy and safety profile
in selected patients with open-angle glaucoma. Its advan-
tages over trabeculectomy include absence of subconjunctival
bleb, no need for mitomycin C, faster visual rehabilitation,
easier follow-up, and fewer postoperative complications. On
the other hand, disadvantages are the long learning curve,
need for specifically designed instruments, impossibility to
perform the surgery properly in some cases, and a lower IOP
reduction compared with trabeculectomy.
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Purpose. To describe amodified guarded filtration surgery, stab incision glaucoma surgery (SIGS), for primary open angle glaucoma
(POAG). Methods. This prospective, interventional case series included patients with POAG (IOP ≥21mmHg with glaucomatous
visual field defects). After sliding superior conjunctiva down over limbus, 2.8mmbevel-up keratomewas used to create conjunctival
entry and superficial corneoscleral tunnel in a single step starting 1.5mmbehind limbus. Lamellar corneoscleral tunnelwas carefully
dissected 0.5–1mm into cornea and anterior chamber (AC) was entered. Kelly Descemet’s punch (1mm) was slid along the tunnel
into AC to punch internal lip of the tunnel, thereby compromising it. Patency of ostium was assessed by injecting fluid in AC and
visualizing leakage from tunnel. Conjunctival incision alone was sutured. Results. Mean preoperative IOP was 27.41 ± 5.54mmHg
and mean postoperative IOP was 16.47 ± 4.81mmHg (𝑛 = 17). Mean reduction in IOP was 38.81 ± 16.55%. There was significant
reduction of IOP (𝑝 < 0.000). 64.7% had IOP at final follow-up of <18mmHg without medication and 82.35% had IOP <18mmHg
with ≤2 medications. No sight threatening complications were encountered. Conclusion. Satisfactory IOP control was noted after
SIGS in interim follow-up (14.18 ± 1.88months).

1. Introduction

Conjunctival dissection is an important step in glaucoma
filtering surgery [1, 2]. Decreasing the intraoperative con-
junctival manipulation may be expected to lead to less
subconjunctival fibrosis and better aqueous drainage in the
long term [3–5]. An acceptedmethod ofmaintaining aqueous
drainage has been conventional trabeculectomy where, after
raising a conjunctival flap, an artificial channel is made
between the anterior chamber and the subconjunctival space
by means of a scleral flap [1]. Reduction of intraocular
pressure (IOP) has been known to be sustained by this
channel over a period [6–9]. In this paper, we have presented
a modified technique of trabeculectomy for primary open
angle glaucoma (POAG) where a scleral tunnel has been used
with decreased conjunctival dissection. This technique was
described by one of us (SJ).

2. Materials and Methods

This prospective interventional case series was carried out
at Dr. Agarwal’s Eye Hospital and Eye Research Centre,
Chennai, India. Institutional review board (IRB) approval
was obtained and the procedure conformed to declaration of
Helsinki. Informed consent was obtained from all patients.
Preoperative visual acuity was measured with Snellen acu-
ity charts, IOP by Goldmann applanation tonometer, and
anterior chamber depth by optical coherence tomography.
Patients with primary open angle glaucoma of age 40 to 70
years, IOP more than 21mmHg, and visual field defects on
automated perimetry and who were willing for follow-up
were included after informed consent. Patients with previous
uveitis, conjunctival scarring, angle closure glaucoma, previ-
ous trabeculectomy, and poor visual acuity in fellow eye and
one eyed patients were excluded.The follow-up visits were on
day 1, day 7, 1 month, 3 months, 6 months, and so on.
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Figure 1: Stab incision glaucoma surgery (SIGS). (a), (b) Superior conjunctiva is slid downwards over the cornea and a 2.8mmbevel-upmetal
keratome is introduced 1.5mm behind the limbus. (c) Keratome is passed through the conjunctiva and into lamellar sclera and a superficial
lamellar scleral tunnel is then dissected. (d) Keratome is introduced about 0.5–1mm into the clear cornea and the anterior chamber (AC) is
then entered.

A complete success was defined as an intraocular pressure
of <18mmHg without medications and qualified success was
defined as reduction in IOP to <18mmHg with two or less
medications. Failure was defined as need for more than 2
medicines postoperatively for IOP control. Intraoperative
or postsurgical event which required conversion to con-
ventional trabeculectomy or resurgery to decrease IOP was
also considered as failure. Any ocular adverse effect which
required surgical or medical intervention for management
apart from regular postoperative regimen was considered as
complication of the surgery.

Preoperatively, 0.2mL of 0.01% mitomycin C (MMC)
was injected subconjunctivally in the area of intended bleb
creation. Peribulbar anesthesia was given and the eye was
prepared and draped. The speculum was loosened slightly
to allow more mobile conjunctiva and to prevent it from
being pulled into the fornices. Superior conjunctiva was slid
downwards over the cornea and a 2.8mm bevel-up metal
keratome was introduced 1.5mm behind the limbus (Figures
1(a) and 1(b)). The tip of the keratome was passed through
the conjunctiva into superficial lamellar sclera (Figure 1(c)).
A superficial lamellar scleral tunnel was then dissected with
side to side movements of the keratome till the limbus,
keeping the depth of dissection such that the blade could
be visualized through the overlying sclera and conjunctiva.

At the limbus, the blade was angulated more superficially to
correspond to the steeper corneal curvature and depth was
confirmed by a dimpling of the cornea. The blade was then
introduced 0.5 to 1mm into clear cornea before entering the
anterior chamber (AC) in a horizontal plane (Figure 1(d)).
Downwards pressure on the keratome was avoided while
entering the AC. The blade was then withdrawn and vis-
coelastic instilled into the AC through either a paracentesis
or the stab incision glaucoma surgery (SIGS) tunnel entry
(Figure 2(a)). The 1mm Kelly Descemet’s punch (Appasamy
Associates, India) was then slid along the tunnel into the
AC and with the punch facing downwards, the internal lip
of the corneal section was punched (Figures 2(b) and 2(c)).
After pushing the iris away with viscoelastic, the ostium
thus initiated was extended posteriorly till the limbus with
additional punches under visualization through the overlying
clear cornea (Figure 2(d)). A peripheral iridectomy (PI) was
done with curved Vannas scissors by retracting basal iris
through the tunnel with nontoothed forceps while the assis-
tant retracted the conjunctiva for visualization (Figure 3(a)).
The iris was gently pushed back into the AC and a simcoe
cannula inserted through the tunnel was used to wash out
viscoelastic (Figure 3(b)). Balanced salt solution (BSS) was
irrigated through the side port and leakage from the SIGS
tunnel was assessed. End point looked for was a free flow
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Figure 2: (a) Viscoelastic is injected into the AC. (b), (c) Kelly Descemet’s punch used to punch the internal lip of the cornea. (d)The punched
tissue from the posterior lip of cornea is seen.

of fluid on irrigation. Additional punches were taken in
case of inadequate leak. The 2.8mm conjunctival cut was
sutured with a running 10-0 nylon suture (Figure 3(c)).
BSS was injected through the side port to balloon the
bleb (Figure 3(d)). Subconjunctival garamycin 0.5mL and
dexamethasone 0.5mL were given in the inferior forniceal
conjunctiva (Video file, at Supplementary Material available
online at http://dx.doi.org/10.1155/2016/2837562).

2.1. Statistical Analysis. Datawas entered in aMicrosoft Excel
Sheet (Microsoft Corp., Redmond, Washington, USA) and
was analyzed using SPSS version 16.1 (SPSS Inc., Chicago,
Illinois, USA). Continuous variables were expressed as
means (±standard deviations) and categorical variables were
expressed as individual counts. After testing for normality
distribution of data, the statistical tests were allotted. Non-
parametric tests were used for comparison. Differences were
considered statistically significant when the 𝑝 value was less
than 0.05.

3. Results and Discussion

3.1. Results. Seventeen eyes of 17 patients (7males, 10 females)
underwent SIGS with preoperative subconjunctival MMC.
The mean age was 57 ± 11.9 years. The mean follow-up
was 14.18 ± 1.88 months. The mean preoperative IOP was

27.41±5.54mmHg (range 21–39mmHg) and themean post-
operative IOP was 16.47 ± 4.81mmHg (range 9–28mmHg).
There was significant reduction in IOP from preoperative
values (Wilcoxon signed rank test, 𝑝 < 0.000). The mean
reduction in IOP was 38.81 ± 16.55%. Preoperatively 7 out of
17 (41.1%) had advanced glaucomatous field loss and 10 out of
17 (58.8%) had moderate glaucomatous field loss. There was
no significant change in pattern standard deviation (PSD) in
visual field test (𝑝 = 0.068) from preoperative to postoper-
ative period. The mean preoperative and postoperative PSD
were 6.9 ± 2.7 Decibels and 6.97 ± 2.7 Decibels. The number
of topical medications was reduced from a mean of 1.35
preoperatively to 0.59 postoperatively. There was significant
reduction in number of medications used from pre- to
postoperative period (𝑝 = 0.025, Wilcoxon signed rank test).
A complete success defined as an intraocular pressure of
<18mmHg without medications was seen in 64.70% and
82.35% of patients maintaining an IOP of <18mmHg with
≤2medications. Preoperative corrected distance visual acuity
(CDVA) measured by Snellen’s distant visual acuity charts
was 0.80 ± 0.28 and postoperative CDVA was 0.76 ± 0.25
(Wilcoxon signed rank test, 𝑝 = 0.230). Intraoperative com-
plications encountered were premature entry (𝑛 = 1; small
basal punch taken), trapdoor hinging of internal corneal lip
(𝑛 = 1; hinged lip excised), conjunctival buttonhole (𝑛 = 1;
small, no intervention), Descemet’s detachment (𝑛 = 1; small,
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Figure 3: (a) A peripheral iridectomy (PI) is done with curved Vannas scissors by retracting basal iris through the tunnel with nontoothed
forceps while the assistant retracts the conjunctiva for visualization. (b) Viscoelastic is washed out. (c) Patency of the tunnel is checked by
irrigating the anterior chamber with balanced salt solution and looking for bleb formation. The conjunctival incision is then sutured with a
running 10-0 nylon suture. (d) The bleb is seen lifted after side port irrigation.

managed with air bubble), and nonbasal PI (𝑛 = 1; no in-
tervention). Postoperative complications encountered were
microhyphema (𝑛 = 2; medical management), more than
grade 2 AC reaction (𝑛 = 1; medical management), hypotony
(𝑛 = 1, managed successfully with transconjunctival tunnel
compression suture), and uncontrolled IOP (𝑛 = 6; 3 were
managed medically and 3 underwent repeat surgery). There
were no sight threatening complications such as bleb inflam-
mation/infection or cystoidmacular edema seen in any of the
eyes.

3.2. Discussion. Traditional trabeculectomy has been a wide-
ly adopted procedure of choice [1, 2]. However, a common
cause of glaucoma surgery failure is subconjunctival fibrosis
of the bleb. Wound-healing response after filtering surgery
can present in one of two ways, either as subconjunctival
fibrosis or as sub-Tenon’s encapsulation leading to lack of
filtration and subsequent increase in IOP. In an attempt
to reduce failure due to fibrosis, antimetabolites have been
used; however, fibrosis and bleb failure are still reported
[10]. Reducing excessive intraoperative manipulation of con-
junctiva and Tenon’s capsule has been shown to prevent
fibrosis [7–13]. Nontraumatic subconjunctival dissection has
also been tried to prevent inadvertent conjunctival handling
[11–13].

Increased conjunctival manipulation can increase chan-
ces of buttonhole, tear, and subsequent fibrosis. A reduction
in manipulation would help in reducing the same. Theoreti-
cally, positioning the conjunctival incision and scleral entry
apart from each other (about 4mm) may help in preventing
direct conduit for microbes. Though there is no exact data
on how much the incisions should be spaced for a significant
protective effect, there was no inflammation or infection seen
in our cases. However, similar to trabeculectomy, in the pres-
ence of a leak or wound dehiscence, this potential advantage
may be lost and such situations should be avoided. Sliding the
conjunctiva towards the limbus to avoid the conjunctival and
scleral wounds from overlapping also decreases the risk of
fibrosis between overlapping incisions. Mechanical pressure
exerted by the conjunctival sutures is transmitted away from
the scleral wound and there is therefore less contact zone
between the 2 incisions.

SIGS reduces conjunctival dissection as the keratome
produces a smooth linear entry. Subconjunctival drainage
channels are therefore preserved intact to a larger extent as
compared to trabeculectomy, thus potentially inducing less
subconjunctival fibrosis and allowing better subconjunctival
drainage. Bleb elevation is by hydrostatic expansion of largely
intact subconjunctival tissue. In our experience, the creation
of the tunnel was easy and one step and thereby surgery
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Figure 4: (a) Compression suture seen passed transconjunctivally. (b) Suture being removed after 3 weeks. (c) Shallow bleb seen formed after
suture removal and mild massage. (d) Well-formed AC and controlled IOP at 15mmHg.

was easier and faster. Larger area of intact conjunctiva also
has additional advantage of allowing greater space for a
second glaucoma surgery if required. The single step tunnel
approach in SIGS offers advantages of posteriorly directed
aqueous flow as compared to leakage under a flap where flow
occurs to three sides. This can prevent complications such as
overhanging blebs and bleb dysesthesia. Once the learning
curve is crossed, other potential advantages of this technique
include ease of creation, less manipulation compared to a
scleral flap, less likelihood of flap tears and buttonholes, and
less suture related inflammation. In the extreme event of an
expulsive hemorrhage, it can be rapidly closed.

Tunnel trabeculectomies that use a scleral tunnel have
been described in the past as a successful mode of filtration
surgery [14–16]. These involve creating a triplanar scleral
tunnel after raising a conjunctival flap. SIGS follows this
principle of tunnel trabeculectomy. However, it differs from
these in the absence of conjunctival flap creation and in
utilizing a biplanar scleral tunnel. The entry in SIGS is one
step and conjunctival incisions as well as subconjunctival
dissection are therefore minimized. A biplanar incision is a
more advantageous geometry than a triplanar incision for
better aqueous leakage postoperatively.

Significant intraoperative complications encountered
were premature entry and trapdoor hinging of the posterior
corneal lip. Premature entry occurred when the keratome

pass was deep and entered the AC directly without a corneal
component.This wasmanaged by taking a single small punch
which was sufficient to attain adequate leakage. A trapdoor
hinging occurred when the corneal tunnel was deep and the
posterior corneal lip gave way. This was managed by excising
the hinge with Vannas scissors and then proceeding as usual.

Success rates after trabeculectomy with target pressure
between 18 and 22mmHg have been variously reported to
range from 43% to 86% without medications [17–26] and
from 59% to 98% with medications [17, 21, 22]. In our
study, postoperatively, a complete success was possible in
64.7% with an IOP at final follow-up of <18mmHg without
medication and 82.35% with IOP <18mmHg with two or less
medications. Three patients had to undergo repeat surgery.
One patient who had postoperative hypotony was managed
by transconjunctival compression suture that compressed the
tunnel and decreased flow. Transconjunctival suturing was
easy to perform as the scleral tunnel was visible through
overlying conjunctiva on stretching conjunctiva out over the
tunnel area.The conjunctiva did not need to be cut for tunnel
exposure to apply the suture and the suture was removed after
3 weeks (Figures 4(a)–4(d)). Other complications encoun-
tered were minor.

Though we did not put releasable suture in any patient in
this case series, it is possible to do postoperative IOPmanage-
ment using laser suture lysis or removable suture technique
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Figure 5: (a), (b) Slit lamp view showing diffuse, low bleb after SIGS.

(a) (b)

(c)

Figure 6: Anterior segment optical coherence tomography (ASOCT) showing bleb with multiple subconjunctival cystic spaces (a), corneal
punch (b), and postoperative scleral tunnel and subscleral filtration path (c) at 10 months.

in the same manner as is done in trabeculectomy [27]. This
can be done by taking a releasable suture in the standard
way through the tunnel and releasing it in the postoperative
period. Unlike in trabeculectomy where suturing is possible
under direct visualization, in SIGS visibility is comparatively
more difficult. However, in our experience, the scleral lip
of the tunnel is generally visible on pulling the conjunctival
incision towards the limbus and this can make application of
the releasable suture across the tunnel possible.

A potential disadvantage for this technique is that since
all maneuvers are done under the tunnel, the technique
appears partially blinded. However, we were able to visualize
the scleral tunnel entrance under the conjunctiva, passage
of the keratome, the corneal entry lip, corneal punch, and
final diffuse bleb formation in all cases. Another potential
disadvantage is the possibility of subconjunctival bleeding
as cautery is not applied. In our experience, avoiding visible
conjunctival and scleral blood vessels was generally enough
to avoid large subconjunctival hemorrhage. Small oozing that
occurredwas not significant enough to interfere with surgery.
However, patients on oral antiplatelet agents were advised
to stop these medications for sufficient duration of time
before surgery. The scleral tunnel incision though hidden
underneath the conjunctiva could be visualized in all cases
by withdrawing the conjunctival incision towards the limbus.
Though only a gross assessment of flow was possible, in our
experience, free flow of fluid and good ballooning of the bleb
on side port irrigation when seen with a soft, yet stable AC

lead to better outcomes (Figures 5(a) and 5(b); Figures 6(a)–
6(c)).

4. Conclusion

Though long term results are still under evaluation, satisfac-
tory IOP control was noted by us after SIGS in the interim
follow-up. The small sample size and the limited follow-up
make it difficult to draw a strong conclusion pertaining to
long term outcomes and complication rate. This pilot study
however serves to lay the foundation for further detailed
analysis of this technique. A long term study in a larger
population will be required to confirm the anatomical and
functional outcomes of this modified technique.

Additional Points

Free paper on this technique presented at American Society
of Cataract and Refractive Surgery 2014 at Boston won the
best paper award. Video film on this technique also won film
festival award at American Society of Cataract and Refractive
Surgery 2014 at Boston.
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Background. To compare the efficacy of needle revision with 5-fluorouracil (5-FU) and mitomycin C (MMC) on dysfunctional
filtration blebs shortly after trabeculectomy.Methods. It is a prospective randomized study comparing needle revision augmented
with MMC or 5-FU for failed trabeculectomy blebs. Results. To date 71 patients (75 eyes) have been enrolled, 40 eyes in the MMC
group and 35 in the 5-FU group. 68 patients (72 eyes) have completed 12-month follow-up, 38 eyes in theMMC group and 34 in the
5-FU group. The mean IOP before and that after needle revision in the MMC group were 26.5 ± 4.3mmHg and 11.3 ± 3.4mmHg,
respectively (𝑃 < 0.05), and in the 5-FU group were 27.1 ± 3.8mmHg and 10.9 ± 3.4mmHg, respectively (𝑃 < 0.05). At 12-month
follow-up, complete success rates were 57.5% forMMCgroup and 34.3% for 5-FU group (𝑃 = 0.042; log-rank test) and 75% and 60%
(𝑃 = 0.145; log-rank test), respectively, for the qualified success. Complication rates between the two groups were not statistically
different (𝑃 > 0.05). Conclusions. Needle revision and subconjunctival MMC injection were more effective than needling and
subconjunctival 5-FU injection for early dysfunctional filtration blebs after trabeculectomies.

1. Background

Trabeculectomy is the most common filtration procedure in
the surgical treatment of glaucoma. Despite the increasing
use of antifibrotic agents to modulate the wound healing
response, bleb failure remains a common complication of
glaucoma filtration surgery. Failure of the filtration bleb due
to subconjunctival scar formation can constitute a significant
problem in achieving satisfactory intraocular pressure (IOP)
control after trabeculectomy.The rate of bleb failure has been
reported to be as high as 10%–20% [1–5].

Needle revision of a failing filtration bleb with antimetab-
olite injections (either 5-fluorouracil [5-FU] [6–10] or mit-
omycin C [MMC]) [11–14] has been shown to be a simple
and effective way to reestablish aqueous flow and lower IOP.
It is difficult to make a literature comparison between 5-
FU and MMC needle revisions because few reports have
been published [15, 16] and those available mainly studied
late bleb failure following trabeculectomy. To the best of our
knowledge, this is the first study to directly compare needle

revision with 5-FU and with MMC for failed filtration blebs
shortly after trabeculectomy.

2. Methods

This is a prospective, comparative case series of 75 eyes (71
patients) that underwent needle revision augmented with
MMC or 5-FU for failed trabeculectomy blebs between
November 2009 and March 2012. The protocol was reviewed
and approved by the Institutional Ethics Committee of The
Second People’s Hospital of Jinan. Each participant provided
written informed consent before any study-related exami-
nation or procedure was performed and the study adhered
to the tenets of the Declaration of Helsinki. Patients were
randomly assigned to receive either subconjunctivalMMCor
5-FU according to a computer generated randomization list.

All study eyes had unsuccessful filtering procedures,
with or without the use of antifibrotic agents (mitomycin
C 0.4mg/mL was placed under the scleral flap for 1 to
2 minutes before irrigation with balanced salt solution).
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Assessed for eligibility (n = 81)

Excluded (n = 75)

Not meeting inclusion criteria (n = 5)

Declined to participate (n = 1)

Randomized (n = 75)

Allocated to intervention (n = 40)

Received allocated intervention (n = 0)

Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 35)

Received allocated intervention (n = 0)

Did not receive allocated intervention (n = 0)

Analysed (n = 40)

Excluded from analysis (n = 0)

Analysed (n = 35)

Excluded from analysis (n = 0)

Lost to follow-up (lost contact after
at least 4 months) (n = 1)

Discontinued intervention
(death at 7 months) (n = 1)

Lost to follow-up (lost contact after

at least 4 months) (n = 1)

Discontinued intervention (n = 0)

Figure 1: Flow chart for the randomization.

Bleb massage and suture removal or laser suture lysis were
attempted before needle revision. Signs of a failed bleb
included an unacceptably high IOP, an open corneoscleral
window visible on gonioscopy, vascularization, thickening
and flattening of the bleb, and loss of conjunctival micro-
cysts. In all cases gonioscopy was undertaken to ensure
that the internal stoma was patent. Patient demographics,
glaucoma type, antimetabolite use with trabeculectomy, log-
MAR best-corrected visual acuity (BCVA), IOP, and time
from trabeculectomy were noted. All study eyes had an
IOP of >21mmHg before needle revision. Needling and
subconjunctival MMC or 5-FU were applied between 2 and 8
weeks (median = 4.9 weeks) following initial trabeculectomy.
Randomizationwas determined before procedures according
to a block randomization sequence prepared by SAS (version
9.1; SAS Institute Inc., Cary, NC, USA). No patients were
excluded after the randomization (Figure 1).

A single surgeon (WJR) performed all bleb revisions,
using the standard protocol, in an operating room under
sterile conditions. A sterile tetracaine-soaked cotton swab
was placed over the superotemporal quadrant of the ocular
surface for approximately 5 minutes to locally anesthetize
the ocular surface. Using a 29-gauge needle, the subconjunc-
tival space was entered at least 10mm from the filtration
bleb site. Subconjunctival fibrosis was disrupted by multiple
puncturing motions to restore aqueous drainage. Careful
attention was given to avoid inadvertent perforation of the
overlying conjunctiva and subconjunctival blood vessels. It
was important that the needle insertion under the scleral
flap or entering the anterior chamber was avoided. IOP was
checked immediately afterward and the needling repeated if
IOP had not dropped significantly. At the end of the proce-
dure, a single subconjunctival injection of 5-FU (0.1mL of
50mg/mL) orMMC (0.1mL of 0.2mg/mL)was administered
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Table 1: Patient demographic and clinical characteristics of the patients.

MMC group 5-FU group 𝑃

Age (year) 49.1 ± 10.4 47.6 ± 10.8 0.542
Gender (F/M) 19/18 23/11
Baseline IOP (mmHg)
[range]

26.5 ± 4.3
[22–38]

27.1 ± 3.8
[23–36] 0.526

BCVA (logMAR) 0.4 ± 0.1 0.4 ± 0.2 1.000
Antimetabolite used in trabeculectomy,
number of eyes (%) 34 (85.0) 29 (83.8) 0.801

Time from trabeculectomy to needle
revision (week)
[range: 2–8 weeks]

5.3 ± 1.90 4.5 ± 1.81 0.066

Diagnosis, number of eyes (%)
PCAG 23 (57.5) 20 (57.1)

0.385POAG 14 (35.0) 12 (34.3)
Juvenile glaucoma 3 (7.5) 1 (2.9)
Traumatic glaucoma 0 (0) 2 (5.7)

and the conjunctival sacwas rinsedwith sterile 0.9% saline. In
both procedures, the antiproliferative agent was injected by a
separate needle and at least 8mm away from the bleb limbus,
to prevent entry into the anterior.

Patients were examined daily for the first week and at
1, 2, 3, and 6 months and at 1 year. The minimum follow-
up was 4 months. During follow-up, BCVA, IOP, glaucoma
medications, and complications were recorded at each of the
follow-up visits.

Criteria for success were defined before reviewing the
data. Complete success was defined as 5 ≤ IOP ≤ 21mmHg
without antiglaucomatous medications measured at the last
visit. A qualified success was defined as 5 ≤ IOP ≤ 21mmHg
with topical antiglaucomatous medications. Failure was con-
sidered to have occurred from the first visit when the IOPwas
higher than 21mmHg and could not be controlled by topical
antiglaucomatousmedications in eyes.Hypotonywas defined
as IOP < 5mmHg. For any patient who was lost to follow-up,
success was determined by the clinical status of the patient at
the time of the last visit.

Data are presented as mean ± standard deviation. Statis-
tical analyses were performed using SPSS statistical software
(ver. 18.0, SPSS, Inc., Chicago, IL). The normality of data
was evaluated using an independent sample 𝑡-test. Descrip-
tive statistics were used to evaluate patient demographic
characteristics. Success rates in both groups were compared
using Kaplan-Meier life table analysis and the log-rank test.
Statistical significance was defined as a 𝑃 value < 0.05.

3. Results

Table 1 shows the demographic and clinical characteristics of
the patients. No statistically significant differences between
the 5-FU and the MMC groups were observed (𝑃 > 0.05).
Baseline IOP before the procedure was 26.5 ± 4.34mmHg in
the MMC group and 27.1 ± 3.85mmHg in the 5-FU group,
a difference that was not statistically significant (𝑃 = 0.64).
Needling and subconjunctival MMC or 5-FU were applied

between 2 and 8 (median, 5.3 and 4.5) weeks following
trabeculectomy (𝑃 = 0.054).

Immediately after needle revision, IOP was 11.1 ±
3.4mmHg (range: 6.0–18mmHg) in the MMC group and
10.9 ± 3.4mmHg (range: 6.0–20mmHg) in the 5-FU group,
a slight difference that was not statistically significant (𝑃 =
0.813). The decrease in IOP following the procedure was
statistically significant in both groups (𝑃 < 0.01).

68 patients (72 eyes) have completed 12-month follow-up,
38 eyes in theMMC group and 34 in the 5-FU group. Twelve-
month Kaplan-Meier life table rates for complete success
(IOP ≤ 21mmHg without medications) were 57.5% (23 eyes)
and 34.3% (12 eyes) for the MMC group and the 5-FU group,
respectively (𝑃 = 0.042; log-rank test) (Figure 2). The 12-
month life table rates for qualified success (IOP ≤ 21mmHg
withmedication use)were 75% (30 eyes) and 60% (21 eyes) for
theMMC group and the 5-FU group, respectively (𝑃 = 0.145;
log-rank test) (Figure 3).

Complications are listed in Table 2. Complications rates
between the two groups were statistically the same. No
statistically significant difference between the groups in terms
of the occurrence of complications was observed (𝑃 >
0.05). Leaks through conjunctival entry site persisted for
1 month before resolving in 1 eye of MMC group. Most
complications were self-limiting and all complications were
resolved without surgical intervention.

4. Discussion and Conclusion

Needle revision is considered to be a simple and effective
way to rejuvenate failing or failed filtration blebs months,
or even years, after trabeculectomy. Since 1990, numerous
studies, with variable sample sizes and follow-up periods,
have reported various success rates in bleb needle revisions
with both subconjunctival 5-FU [3, 6, 8–10, 15, 16] and MMC
[11–16]. However, the success rates with both compounds
have been highly variable, ranging from 39% to 91% [8, 9,
12, 13, 16] at 12-month follow-up. This is consistent with our
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Table 2: Summary of complications that occurred following needle revision.

Complications MMC group (%) 5-FU group (%) 𝑃

Hypotony 3 (7.5) 2 (5.7) 0.756
Corneal punctate
epitheliopathy 3 (7.5) 2 (5.7) 0.756

Anterior chamber reaction 5 (12.5) 4 (11.4) 0.887
Subconjunctival hemorrhage 17 (42.5) 14 (40.0) 0.826
Shallow anterior chamber 9 (22.5) 6 (17.1) 0.561
Leak through conjunctival entry site 11 (27.5) 7 (20) 0.446

Time from needle revision (months)
12.0010.008.006.004.002.000.00
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Figure 2: Survival curve with complete success defined as 5 < IOP
< 21mmHg without glaucoma medication (𝑃 = 0.042).

findings. In the current study, the total success rates were
relatively high, perhaps because revisions were performed
sooner after trabeculectomy than other studies. Previous
studies mainly examined late bleb failure. Gutiérrez-Ortiz et
al. [13] found that the time from the initial filtering surgery
to the needling revision was associated with the success rate.
Surgery performed less than 4 months previously was found
to be a significant factor contributing to the success of the
needling procedure. In our study, needle revision was applied
between 2 and 8 weeks (median = 4.9 weeks) following initial
trabeculectomy. Within 1 month of trabeculectomy, eyes are
still early in the wound healing processes. Fibroblast pro-
liferation and early scar formation, which heavily influence
filtering bleb morphology and function, are still occurring.
Shortly after trabeculectomy, bleb cavities still exist, but the
increase in fiber proliferation increases the aqueous flow
resistance and can lead to filtering bleb failure. Ren and Qiao
[17] proposed that the increased resistance to aqueous flow
that results in filtering bleb failure is divided into two parts:
those that resist flow upstream from the scleral flap and
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Figure 3: Survival curve with qualified success defined as 5 < IOP <
21mmHg with and without glaucoma medication (𝑃 = 0.145).

those that resist flow downstream from the scleral flap. More
specifically, shortly after trabeculectomy, there is no resis-
tance to flow upstream to the scleral flap because it is open.
However, this is not the case downstream from it because
subconjunctival fibrovascular tissue proliferates early in the
healing process, creating flow resistance. When bleb needle
revision is performed early in this proliferation process,
the procedure can have a high success rate. Otherwise, the
proliferationmoves to the fibers of the scleral surface, causing
scleral flap closure and subsequent filtering bleb failure.
Eventually, the flapwill scar over and, at this time, bleb needle
revision is difficult and the procedural success rate is poor.

Palejwala et al. [16] found that there was no apparent
difference between the use of 5-FU and the use of MMC.
Our results show that subconjunctivalMMC ismore effective
than 5-FU in achieving good pressure control. We believe
that there are two reasons. First, wound healing occurs
in 3 overlapping phases and in glaucoma filtering surgery,
the production, contraction, and remodeling of collagen
cause most blebs to fail. A number of factors can inhibit
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this process, including the use of antiproliferative agents
[18]. Considering the 3 phases of wound healing, the most
appropriate time to perform MMC needling when signs of
failure are detected should be during the cellular phase, which
starts several weeks after surgery and continues for months,
because MMC inhibits proliferation of fibroblasts during
the cellular phase [13]. Second, the biochemical mechanisms
of the two drugs are different. Mitomycin C has a greater
inhibitory effect on tissues than 5-FU. Because 5-FU is
a halogenated pyrimidine analog, it competitively inhibits
thymidylate synthetase.The 5-FU becomes incorporated into
DNA and RNA within actively replicating cells, leading to
defective protein synthesis, and subsequent interference of
the cell growth cycle. Therefore, once 5-FU is no longer
present, cells that were not in the synthesis phase during drug
exposure can still proliferate. On the other hand, MMC is
an antibiotic derived from Streptomyces caespitosus. It is an
alkylating agent, which cross-links DNA, inhibiting mitosis
and protein and DNA synthesis. In contrast to 5-FU, it acts at
all stages of the cell replication cycle, inhibiting both dividing
and resting cells [18].When applied to the ocular surface top-
ically or injected subconjunctivally, MMC and 5-FU prevent
fibroblast proliferation within the subconjunctival space and
Tenon’s capsule. Mitomycin C also has potent antiangiogenic
properties and is thought to have longer-lasting effects than
5-FU on the resident fibroblast population. In animal studies,
which compared fibroblast proliferation inhibition with both
5-FU andMMC, the effect of 5-FU only lasted for 7 days, but
the effect of MMC was sustained for at least 1 month [19].

Several complications have been reported to be associated
with needle revision and subconjunctival [11, 16] MMC or
5-FU application. These include choroidal effusion, shallow
anterior chamber, subconjunctival hemorrhage, hypotony
maculopathy, and suprachoroidal hemorrhage [16]. In our
study, no significant differences in complication rates were
observed between the 5-FU and MMC groups. In this
study, we had a lower incidence of complications. This
is mainly because we only damaged the proliferation of
subconjunctival fibers and the needle insertion under the
scleral flap or entering the anterior chamber was avoided.The
complication that occurred most often in the current study
was subconjunctival hemorrhage. This was not a surprise
because the needle revision procedure takes place in the
subconjunctival space and proliferation of subconjunctival
fibers significantly disrupts vascular organization relatively
early. All complications that occurred were resolved without
surgical intervention.

Our study had limitations. First, in this study, the pop-
ulation were younger and had more angle-closure than the
large majority of the needling literature [15, 16], and all
patients were of the Chinese race. Young age is associated
with needling failure [13]. Mardelli et al. [11] found that
successful single-needling procedure was highly correlated
with race (white). In future, we can have further study in
this regard. Second, the number of complications is small in
both groups given the small number of cases in this cohort;
thus a significant effect is unlikely to be seen. A prospective,
randomized controlled trial with a larger number of cases
could resolve these problems.

In conclusion, needle revision and subconjunctivalMMC
or 5-FU injection was a relatively effective and safe method of
treating encapsulated and scarred filtering blebs during the
early postoperative stage. Needle revision and subconjuncti-
val MMC injection were more effective than needle revision
and subconjunctival 5-FU injection for bleb failure following
trabeculectomy.
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The results of canaloplasty (CP) and Hydrus Microstent (HM) implantation were retrospectively compared at 24 months’ follow-
up in a cohort of subjects referred to our Institution for uncontrolled IOP in primary or secondary (e.g., pseudoexfoliative and
pigmentary) open-angle glaucoma. The outcome was labelled as “complete” success, “qualified” success, or “failure” if, two years
after surgery, the eyes operated on needed “no” hypotensive medications, “some” hypotensive medications, or further glaucoma
surgery to attain the target IOP, respectively. Both CP and HM implant allowed significant IOP reductions, with comparable rate
of clinical success and safety profile. A slightly (albeit not significant) better trend for a “complete” clinical success was observed in
the CP group.

1. Introduction

Creating an extraocular aqueous humour filtration is still
the most popular surgical strategy in glaucoma worldwide.
However, because of the well known bleb-related problems, a
quest for new “bleb-free” procedures has been pursued for
several years. For example, canaloplasty (CP) and the tra-
beculocanalicular devices implantable through a minimally
invasive approach (the so called MIGS) are two surgical
strategies not ending in external filtration.

CP consists of an “ab-externo” dilation of Schlemm’s
canal (SC) (via a transconjunctival and transscleral approach)
obtained by intracanalicular injection of high molecular
weight (HMW) viscoelastic and placement of a permanent
intracanalicular tension suture [1]. MIGS devices are placed
in the anterior chamber (AC) angle under gonioscopic view
and via a clear cornea incision [2], sparing then the conjunc-
tiva for later interventions. The Hydrus Microstent (Ivantis,
Inc., Irvine, CA) is a MIGS device made of nitinol, (a nickel
and titanium alloy widely used in ophthalmic and other
medical applications [3]), currently approved for intraocular
use in Europe. This device is an 8mm long crescent-shaped
open structure, curved to match the shape of SC. Once

implanted, the microstent bypasses the trabecular meshwork
and dilates SC over 3 clock hours to provide direct aqueous
access from the AC to multiple collector channels [4, 5].

To date, some studies have compared the outcomes of
CP with filtering surgery. The large majority of these reports
showed that, in the short-to-mid term, both procedures are
effective in achieving significant reduction of intraocular
pressure (IOP), with a better efficacy profile for filtration
surgery and a better safety profile for CP [6–9]. The hereby
presented study was aimed to compare the 2-year clinical
outcome of CP versus a bleb-free MIGS (i.e., the Hydrus
Microstent (HM)), within the frame of a retrospective com-
parative study.

2. Methods

This was a retrospective, nonrandomized comparative case
series (with the approval of the local Ethics Committee
requiring no trial registration number). Medical records of
consecutive patients, where either CP or HM implantation
was uneventfully performed in one eye from January 2011 to
January 2012 at the University Hospital of Parma (Italy), were
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reviewed. All surgeries were performed by two surgeons (Ste-
fano A. Gandolfi and Nicola Ungaro), and all study subjects
signed a dedicated informed consent prior to surgery. The
series included subjects under local treatment for primary
or secondary (e.g., pseudoexfoliative and pigmentary) open-
angle glaucoma, referred to as the Glaucoma Service of
our Institution Parma for uncontrolled IOP. The eyes were
addressed to either one of the two procedures since, accord-
ing to the EGS guidelines [10], the estimated postsurgery
target IOP was arbitrarily set in the mid-to-high teens range
by the two surgeons (StefanoA.Gandolfi andNicolaUngaro).

The following data were collected from a total of 45
patients (45 eyes, 24 CP, and 21 HM) with aminimum follow-
up of two years: (a) demographics, (b) IOP, (c) best corrected
visual acuity (BCVA, tested by logarithmic chart at 4 metres),
(d) Visual Field Mean Defect (MD, Humphrey 24-2 SITA-
Standard program, Carl Zeiss Meditec Inc., Dublin, CA), (e)
the number and type of hypotensive medications, (f) and
the need for further glaucoma surgery. IOP was measured
using Goldmann applanation tonometer and following the
standard operating procedures (SOP) of the European Vision
Clinical Research network (EVICR.net) which certified our
Institution (certificate number: ECR37/2014), namely, (a)
patients in sitting position at the slit lamp; (b) fluorescein
staining with a standard fluorescein paper strip; (c) two
rapidly consecutive readings, averaged with ≤2mmHg IOP
difference, with a third reading being performed when the
difference was >2mmHg.

The eyes were labelled as “complete” success, “qualified”
success, or “failure” if, two years after surgery, they needed
no hypotensive medications, some hypotensive medications,
or further glaucoma surgery to attain the target IOP, respec-
tively.

2.1. Operative Techniques. All surgeries were single opera-
tions, not combined with phacoemulsification.

CP was performed according to the standard fashion
described in previous reports [11, 12]. Briefly, after conjunc-
tival dissection at the 12 o’clock limbus, a 5 × 5mm partial
thickness (50%) scleral flap was dissected followed by a
4 × 4mm inner scleral flap at 95% depth. The inner flap
dissection was carried forward until the SC was unroofed.
The dissection was then carried into the clear cornea to
create a 0.3mm Descemet’s window; the inner scleral flap
was then removed and the inner wall of the canal was peeled
off together with trabecular meshwork, until percolation of
aqueous humour was observed. A microcatheter (iTrack-
250A, iScience Interventional, Inc., Menlo Park, CA) was
then inserted 360∘ in the canal; a 10-0 prolene suture was
tied to the tip of the catheter, and the catheter was retracted
backward and, in order to achieve viscodilation of the canal,
sodium hyaluronate 1.4% (Healon GV, Advanced Medical
Optics, Inc., SantaAna, CA)was simultaneously injected.The
10-0 prolene suture was finally tightly tied in a loop with a
slip knot, to obtain an inward traction. The scleral flap was
secured back to the sclera with 10-0 nylon sutures to create a
water-tight closure. The conjunctiva was then sutured to the
limbus with 8-0 absorbable sutures.

HM implantation was performed as follows: after a
peribulbar injection of 5mL of lidocaine, the patients were
placed under the microscope and the head tilted to allow
a clear view of the angle structures with a gonioprism.
A 1.2–1.5mm clear cornea incision was properly made to
access the targeted site for microstent placement. HMW
viscoelastic was introduced for chamber maintenance and
an optimum view. The Hydrus delivery cannula was then
inserted through the incision.The bevelled tip of the cannula
was used to perforate the trabecular meshwork, and the
microstent was implanted into Schlemm’s canal by advancing
the tracking wheel with the index finger, leaving 1-2mm (the
inlet segment) remaining in the AC. In one of the selected
cases, the microstent had to be retracted and reinserted in
a different location. Upon confirmation of position in the
canal, the delivery systemwaswithdrawn and viscoelasticwas
removed; the AC was inflated with balanced salt solution to
achieve normal IOP.

2.2. Statistical Analysis. Statistical data were processed with
the SPSS package (SPSS Inc. Released 2007; SPSS for Win-
dows, Version 16.0. Chicago, SPSS Inc.). In detail, Student’s
𝑡-test was for mean confrontation between groups, Chi-
squared test was for double and triple enter contingency
tables. For 2 × 2 contingency tables, Fischer’s test was applied.
Statistical significance was set at 𝑝 < 0.05. The normal
distribution of the analyzed data was stated by verifying for
each parameter that means were “almost equal to” medians
and asymmetric within ±2.

3. Results

Twenty-four eyes of 24 patients (16 men, age range: 34–
66 years) who underwent CP and twenty-one eyes of 21
patients (15men, age range: 37–69 years) who underwentHM
implantation were included in the study. We considered all
the patients who successfully completed surgery and the 2-
year follow-up (therefore no loss to follow-up). No significant
difference was found between the two groups with respect
to demographics (age: 𝑝 = 0.31; gender: 𝑝 = 0.59; race: all
Caucasians; right versus left eye 𝑝 = 0.67). The diagnosis was
as follows: 𝑛 = 28 primary open-angle glaucoma (POAG; 16
CP and 12 HM); 𝑛 = 15 pseudoexfoliation syndrome (PEX: 8
CP and 7 HM); and 𝑛 = 2 pigmentary glaucoma (PG: 2 HM).
At preoperative evaluation (baseline), no significant differ-
ences in the number of ongoing hypotensive active substances
(𝑝 = 0.23) and in the number of eyes previously treated with
argon laser trabeculoplasty/selective laser trabeculoplasty
(AST/SLT) were detected between groups (𝑝 = 0.34).

Eye parameters at baseline and 2 years after surgery are
detailed in Table 1 (mean± SD). “IOP initial” refers to the IOP
(on current hypotensive therapy) measured before surgery at
the time of completion of the inpatient’s record. “IOP final”
refers to the IOP values measured 2 years after surgery (with
a ±30-day time window), with or without medications. No
intergroup difference was detected in either efficacy (IOP)
or safety (i.e., BCVA and MD) outcomes. Conversely, an
intragroup analysis showed that IOP significantly diminished
in both groups upon surgery (𝑝 < 0.001). The IOP changes
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Table 1: Parameters considered for the study at the baseline (initial) and after a 24-month follow-up (final) for the two treatment groups.

Treatment groups IOP initial
(mmHg)

IOP final
(mmHg)

BCVA initial
(LogMAR)

BCVA final
(LogMAR) MD initial (dB) MD final (dB)

HM 24 ± 6 15 ± 3 0.11 ± 0.08 0.08 ± 0.02 4.6 ± 1.9 4.2 ± 1.9
CP 26 ± 4 16 ± 2 0.11 ± 0.08 0.09 ± 0.08 4.0 ± 3.2 3.9 ± 3.3
Statistics 𝑝 = 0.22 𝑝 = 0.18 𝑝 = 0.93 𝑝 = 0.58 𝑝 = 0.45 𝑝 = 0.70

HM: Hydrus Microstent; CP: canaloplasty; IOP: intraocular pressure; mmHg: millimeters of mercury; BCVA: best correct visual acuity; LogMAR: logarithm
of the minimum angle of resolution; MD: Visual Field Mean Defect; dB: decibel.

Table 2: Eyes’ distribution according to the clinical outcome at the
end of the follow-up.

HM CP Total
Complete success

Count 7 12 19
% within group 33.3% 50% 42.2%

Qualified success
Count 12 10 22
% within group 57.1% 41.7% 48.9%

Failure
Count 2 2 4
% within group 9.5% 8.3% 8.9%

Total
Count 21 24 45
% within group 100% 100% 100%

HM: Hydrus Microstent; CP: canaloplasty.

of individual eyes in each treatment group are shown in a
scatterplot (Figure 1). Table 2 shows the rate of each clinical
outcome at the end of the follow-up. The distribution of the
clinical success (“complete” or “qualified”) was not signifi-
cantly different between the two groups (PearsonChi-Square,
𝑝 = 0.52; Likely Ratio, 𝑝 = 0.51). Also the event “failure” (i.e.,
the need for further glaucoma surgery) was similar in the two
groups either in terms of the number of procedures or the
number of temporal latencies. Namely, two cases in the HM
group were performed after 12 and 18 months of follow-up;
two cases in the CP groups 12 and 13 months postoperatively.

Concerning the number of hypotensive active substances
administered at the end of the follow-up, the mean values
were in the CP group 0.7 ± 0.9 and in the HM group 0.9 ±
0.9. Differences referred to the intensity of the regimen (i.e.,
none, 1 or more active substances) are shown in Figure 2;
no statistical difference was observed (Pearson Chi-Square =
Likely Ratio; 𝑝 = 0.74).

The final distribution among the subgroups of clinical
outcome of the eyes previously treated by AST/SLT is dis-
played in Table 3. A laser treatment was paralleled by a lower
rate of complete success in theCP group versus theHMgroup
with borderline significance (Fisher exact test, 𝑝 = 0.04). No
effect of AST/SLT on the failure rate was observed instead.

As far as complications are concerned, a transient
hyphema proved to be themost commonly described adverse
event (7/24 eyes in the CP group and 4/21 eyes in the HM
group). The hyphema cleared completely over few days in
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Figure 1: Scatterplot of preoperative (IOP initial) versus postop-
erative (IOP final) IOP values in the two treatment groups (CP =
canaloplasty group; HM = Hydrus Microstent group).
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Table 3: Distribution of eyes between the treatment groups accord-
ing to a previous treatment (yes) by argon laser trabeculoplasty/
selective laser trabeculoplasty (AST/SLT). Within brackets, the
number eyes showing a complete clinical success (i.e., no medica-
tions) at the end of the follow-up.

Preoperative
ALT/SLT HM CP Total

Yes

Count 10 14 24
(4) (3) (7)

No

Count 11 10 21
(3) (1) (4)

Total

Count 21 24 45
(7) (4) (11)

HM: Hydrus Microstent; CP: canaloplasty.

all the affected patients. An early postoperative IOP peak
(≥30mmHg within the first 48 hours) was recorded in 3 eyes
in the CP group and in 1 eye after HM implantation. A YAG
laser procedure was performed in 6 eyes in the CP group
(goniopuncture) and in 4 eyes in the HM group (lysis of
peripheral anterior synechiae) during follow-up.

4. Conclusion

An increasing interest in novel “blebless” antiglaucoma surg-
eries is documented worldwide. In particular, procedures
aiming to restore the physiological outflow through the
trabecular meshwork/SC complex are being developed. In
the hereby presented study, we retrospectively compared
the midterm clinical outcomes of CP, that is, an ab-externo
approach to redilate the SC, versus an ab-interno procedure
such as the implantation of a scaffold (HM).

Two years after surgery, both procedures were effective in
decreasing IOP.The percentage of complete success in the CP
group (50%) proved to be comparable with the 55% and 46%
reported after a similar follow-up by Lewis and coworkers
(2009) and Brusini (2014), respectively [13, 14]. Matlach and
coworkers (2015) found a slightly lower rate of complete
success (39%), but the two series are less directly comparable
because of the lack of a cut-off IOP to define the postoperative
success in our study [15]. Since the shortage of the so far pub-
lished data, the results collected in our HM group cannot be
valuably compared with prior series. A recent report showed
the high rate of success (80%) of HM combined with cataract
surgery [16]. If we had performed combined surgery, we
would have probably achieved better results, too. However,
since scaffolds aim to restore the outflow within the physi-
ological range, the “midteens” IOP values observed postop-
eratively in our HM group are consistent with the expected
mechanism of action of the procedure. Because of the
retrospective nature of the study, no preset cut-off IOP values

were planned. In fact, the target IOP was individually set by
the surgeons according to what was suggested by the EGS
guidelines for mild-to-moderate glaucoma damage with high
starting IOP (i.e., a target IOP in the “mid-to-high teens”).

Comparing the two treatment groups, in our study the
efficacy profile of CP was statistically comparable to that of
HM. Both procedures are theoretically endowed within sim-
ilar mechanisms of action.Therefore, our results are not at all
surprising. A slightly (albeit not significant) better trend for
clinical success in theCP group could be inferred by a qualita-
tive evaluation of data in Table 2 and Figure 2: two years after
surgery, 50% of eyes treated by CPmaintained the target IOP
without medications; 57% of HM implanted eyes required
any medical treatment to attain similar IOP. A greater sample
size, together with a longer follow-up, could potentially offer
statistical significance to this observation.Also the event “fail-
ure” (i.e., the need for further glaucoma surgery) occurred
similarly in the two groups, either in terms of number of cases
(two in each treatment group) or number of temporal laten-
cies. However, since CP is not a conjunctival-sparing proce-
dure, a further limbal filtration surgery, if needed, is likely to
be less successful and technically compelling. Conversely, the
clear cornea approach gives the HM procedure a less invasive
profile in terms of surgical impact on the eye. In fact, when
further surgery was needed in our study eyes, a tube was
implanted after CP, meanwhile a plain nonpenetrating deep
sclerectomy was successfully performed after HM.

Both procedures offered a comparable low complication
rate in our study. In the literature, CP was widely associated
with a low rate of side effects, mostly when compared to
filtering surgery. Albeit more recent, also MIGS have been
associated with a good safety profile in the short term to
midterm [17].

In conclusion, our retrospective comparison showed that
both CP and HM were safe and effective blebless procedures
in early-to-mid stage open-angle glaucoma. However, along
with the limited sample size and follow-up, its retrospective
nature is a major point of weakness for the present study.This
entailed the lack of preset: (a) randomization procedure, (b)
cut-off values for target IOP, and (c) intermediate follow-up
time points.The administration of a survey to evaluate quality
of life, as proposed by Klink and coauthors in a quite similar
setting, could represent a further improvement to the present
findings [18].

What Was Known

(i) Glaucoma surgeries now include procedures aiming
to restore the physiological outflow through the tra-
becular meshwork/SC complex. This latter in partic-
ular can be successfully redilated via either an ab-
externo (the “canaloplasty”) or an ab-interno (the
“scaffolds”) approach.

(ii) Outcomes of canaloplasty are quitewell described and
compared to other filtering techniques; much less is
reported concerning scaffolds.
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What This Paper Adds

Within the frame of this retrospective comparative study, one
finds the following:

(i) two years after surgery, both CP and the HM were
effective in decreasing IOP;

(ii) both procedures offered a low complication rate;

(iii) a slightly (albeit not significant) better trend for
a “complete” clinical success for CP needs further
confirmation.
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Purpose. To investigate whether increased concentrations of ET-1 in aqueous humor of glaucoma patients influences surgical
outcome of standard trabeculectomy with Mitomycin C.Methods. Retrospective chart review of 36 glaucoma patients with known
ET-1 concentrations who had undergone trabeculectomy with Mitomycin C. Patients were divided into two groups based on their
aqueous ET-1 concentration, a below-median (low ET-1) and an above-median (high ET-1) group. Postoperative IOP development,
necessity of glaucoma medication, surgical success and complications, postoperative use of antifibrotics (5-FU), and number
of additional glaucoma surgeries were compared between the groups. Results. Overall surgical success of trabeculectomy was
comparable to published literature (90%, 81%, 76%, and 68% absolute success at 12, 24, 36, and 48 months after surgery). There
was no difference between high and low ET-1 group in the postsurgical development of IOP, surgical success rate, or complication
rate. There was no difference in postoperative scarring or indirect indicators thereof (e.g., number of 5-FU injections, needlings,
suture lyses, or IOP lowering medications). Conclusion. In this set of patients, ET-1 in aqueous humor does not appear to have
influenced surgical outcome of trabeculectomy with Mitomycin C.There is no indication of an increased likelihood of bleb fibrosis
in patients with increased ET-1 concentrations.

1. Introduction

Endothelin-1 (ET-1), one of the most potent vasoconstrictors
known, has been shown to be produced in the eye by the
ciliary epithelium and to be released into the aqueous humor
[1, 2]. The two endothelin receptors (ETAR and ETBR) are
expressed by various ocular tissues, including ciliary and
iris muscles, trabecular meshwork, cornea, vasculature, and
astrocytes in the optic nerve head [3–6]. Despite this apparent
ubiquity of endothelin signaling, the peptide’s physiological
role in the eye is poorly understood.

ET-1 has also been implicated in the pathophysiology of
glaucoma. Several studies showed increased concentrations
of ET-1 in the aqueous humor of patients with different
forms of glaucoma and pleiotropic effects of the peptide on
various ocular tissues. Consequently, ET-1 antagonists have
been suggested as therapeutic principle for glaucoma [7].

In the anterior segment, ET-1 is believed to be involved
in the regulation of intraocular pressure (IOP) via effects on
the contractility of ciliary muscle and trabecular meshwork.
Pharmacological studies on native bovine trabecular mesh-
work suggest that an increased contractility of the trabecu-
lar meshwork with subsequent reduction of intertrabecular
spaces leads to increased outflow resistance and IOP [8,
9]. Evidence is inconclusive, however, as injection of ET-
1 into intact eyes caused both increases and decreases of
IOP depending on ET-1 concentration and animal species.
In rabbits, for instance, injection of ET-1 into the anterior
chamber caused a biphasic response: an initial increase in IOP
for up to 2 hours, followed by a sustained decrease in IOP for
up to 72 hours [10]. These differential effects are most likely
related to differential actions of the two ET receptors, as ET-
AR antagonists effectively abolished IOP increase but not IOP
decrease [11], while ET-BR agonists caused only IOP decrease
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without prior IOP increase [12]. Interestingly, damage to
the trabecular meshwork of rabbits induced by Argon Laser
Trabeculoplasty (ALT) leads to a transient increase in ET-1,
followed by an increase in IOP that could be inhibited by an
ET-AR antagonist as well [13, 14]. A similar IOP spike is often
seen in humans after ALT [15] and might also be caused by
ET-1 release [13], which is why only patients with no prior
ocular surgery or trauma were included in the initial study
[16].

More recently, Wang et al. showed that topical adminis-
tration of a nonpeptide ETAR-antagonist (SPP 301) caused
sustained, dose dependent IOP reductions in glaucomatous
monkey eyes, giving creed to the notion of a regulatory role
for ET-1 in IOP control [17].

In humans, evidence for contractility of the trabecular
meshwork (TM) is scarce and indirect. Presence and func-
tionality of a smooth muscle-like contractile apparatus have
been shownby histological andmolecular biologicalmethods
[18]. Pharmacologically induced contraction (e.g., by ET-
1) of cultured human TM cells embedded in collagen gels
implies that TM contractility may contribute to the physio-
logical regulation of IOP [19, 20]. However, direct contraction
of native human TM in response to ET-1 has yet to be
shown. Moreover, despite the early finding of increased ET-1
in aqueous samples of glaucoma patients, a statistically signi-
ficant correlation between ET-1 in aqueous and IOP just
prior to sample acquisition was established only recently
[16]. Much work is needed, to fully understand the complex
actions of ET-1 in the eye in general, and its role in regulating
IOP in particular.

ET-1 has also been shown to contribute to fibrosis and
fibrotic disorders in various organ systems, including lung,
skin, liver, kidney, heart, and vasculature. Several studies
have shown ET-1 to facilitate transdifferentiation of resident
fibroblasts as well as epithelial/endothelial cells, hepatic stel-
late cells, or monocytes into myofibroblasts, a predominant
cell type in fibrotic disorders (for review see [21]). Since
failure to control IOP after trabeculectomy is most often the
result of excessive scarring, understanding the underlying
mechanisms of bleb fibrosis is ofmajor interest for the further
improvement of success rates of filtering surgery. So far ET-
1 has not been studied as a potential modulator of wound
healing after glaucoma surgery.

The aim of this retrospective chart review therefore was
to investigate whether increased concentrations of ET-1 in
the aqueous samples of glaucoma patients influenced wound
healing and bleb fibrosis after standard trabeculectomy with
MMC. Secondly, postsurgical IOP development was assessed
in order to elucidate whether bypassing the trabecular mesh-
work offsets the previously observed correlation between ET-
1 and IOP.

2. Methods

2.1. Study Design/Patient Selection. This investigation was
conducted as retrospective chart review of 36 patients who
had previously been enrolled in a study to determine whether
there was a correlation between ET-1 in aqueous humor and
IOP. In this previous study aqueous humor samples from a

total of 94 patients with either cataract (control), primary
open angle glaucoma (POAG), or pseudoexfoliation glau-
coma (PEXG) were collected during routine cataract surgery
or trabeculectomy. ET-1 concentrations in the samples were
determined by a subtype-specific ELISA and correlated with
the last presurgical IOP (as determined by Goldman appla-
nation tonometry). Written consent was obtained. Approval
by the local ethics committee was granted (App. number
837.198.06 [5296]), and all tenets of the Declaration of
Helsinki were observed.

Patient selection for the previous study was very rigid.
In order to avoid any confounding conditions, all patients
with ophthalmological disorders other than cataract, POAG,
or PEXG were excluded. All eyes were naı̈ve to any surgical
intervention. Furthermore, all systemic conditions that are
known to be associated with systemic changes to ET-1 con-
centration (e.g., cardiovascular diseases, diabetes mellitus,
pulmonary diseases, and solid tumors) were also excluded.
Thus, the patients included did not comprise a typical sample
of the glaucoma or cataract population, with regard to typical
comorbidity with other age-related diseases. For details on
the patient selection and its rationale, see [16].

Of the 94 patients with known ET-1 concentrations in
aqueous humor from the previous study, 56 were glaucoma
patients. Of these, hospital records for at least three follow-
up visits after initial discharge were on file for 53 patients.
For the purpose of this investigation we chose all 36 records
of the patients, who had undergone trabeculectomy during
the initial study (25 POAG, 11 PEXG). Aqueous samples of
the remaining 17 glaucoma patients were obtained during
cataract surgery in the initial trial.

These 36 patients were divided into two groups based on
their previously determined ET-1 aqueous concentration into
an above-median (high ET-1, 𝑛 = 18) and a below-median
(low ET-1, 𝑛 = 18) group. For subgroup analysis, both POAG
and PEXG patients were subdivided by the same principle.

Importantly, the ophthalmologists performing follow-
up visits were masked to the ET-1 concentrations obtained
during the initial trial. Examination results and clinical
decisions were therefore not biased.

2.2. Criteria for Surgical Success. Based on AGIS criteria
and WGA guidelines for designing and reporting surgical
success in glaucoma trials trabeculectomy was considered
an “absolute success,” if IOP was below 18mmHg and IOP
reduction >20% at all postsurgical follow-up visits with-
out additional medication or the need for further surgical
intervention. Patients requiring adjunct pressure lowering
medication to reach 18mmHg or who needed early revision
surgery for complications were considered “relative success.”
Patients, whose IOP was not below 18mmHg during one
or more follow-up visits, or who needed late bleb revision
due to fibrosis or additional pressure lowering surgery, were
considered as “failure.”

2.3. Statistical Analysis. All data are presented as mean ±
standard deviation, unless indicated otherwise. All statis-
tical analyses were performed using PASW (SPSS version
18) software (SPSS Inc.) or GraphPad Prism (Version 5,
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Table 1: Patient characteristics.

All patients POAG PEXG Uncorrected
𝑝 values

Number included 36 25 11
Age (years) 63.3 (±11.9) 62.2 (±13.9) 65.9 (±4.8) 𝑝 = 0.396
Gender (m/f) 17/20 13/12 3/8 𝑝 = 0.277
Study eye (OD/OS) 13/23 11/14 2/9 𝑝 = 0.259
Last IOP before surgery (mmHg) 27.5 (±8.5) 25.2 (±5.8) 32.6 (±11.3) p = 0.013
Number of medications 2.8 (±0.9) 2.9 (±0.8) 2.5 (±1.1) 𝑝 = 0.199
ET-1 in aqueous humor (pg/mL) 6.5 (±2.8) 5.9 (±2.9) 7.8 (±1.9) 𝑝 = 0.062

GraphPad software Inc.). Since the sample size in this study
was relatively small and the investigation was exploratory in
nature, no correction for multiple testing was employed. 𝑝
values for group comparisons were calculated only as means
of identifying potential parameters of interest for future
confirmatory studies.

3. Results

3.1. Patient Characteristics before Surgery. Of the 36 patients
investigated for this study, 25 had undergone trabeculectomy
for POAG and 11 patients had PEXG.There was no difference
with regard to age, gender, study eye, number of glaucoma
medications, or follow-up time between these patients. The
overall characteristics of the study patients as well as their last
IOP before surgery (as measured by Goldmann applanation
tonometry) and the ET-1 concentration in the aqueous
samples collected during surgery are displayed in Table 1. As
shown in the previous study, from which these patients were
selected, therewas a significantly higher IOP and a higher ET-
1 concentration in aqueous in the PEXG group.

Based on their known ET-1 concentrations, all patients
were divided into an above-median (high ET-1) and a below-
median (low ET-1) group. As displayed in Table 2, the two
groups showed no relevant differences apart from ET-1
concentration (the selection criterion) and IOP, the latter of
which was to be expected based on the correlation between
ET-1 and IOP that was found in the previous study. Notably
more of the PEXG patients were in the high ET-1 group;
this difference was not significant, however, and also to be
expected based on the highermean ET-1 concentration in this
group.

3.2. IOP Development after Surgery. IOP was well controlled
in almost all patients after surgery. There was no difference
between IOP development between patients with high and
those with low ET-1 concentrations in aqueous, both in the
immediate follow-up period (up to ten days after surgery,
Figure 1) and up to 24 months after surgery (Figure 2).
Similarly, there was no difference between POAG and PEXG
patients. The difference in IOP before surgery was quickly
abolished after surgery and low pressure was maintained
during long-term follow-up (data not shown).
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Figure 1: Mean intraocular pressure before and after trabeculec-
tomy. The initial statistically significant difference in IOP, which
is likely linked to the difference in ET-1 concentration, is quickly
abolished after surgery. There is no difference in IOP after tra-
beculectomy.

3.3. Adjunct Medication and Interventions. At final follow-up
visit on record, there was no difference in the average number
of glaucoma medications needed to maintain a sufficiently
low IOP.ThehighET-1 group required 0.18±0.71medications
versus 0.22 ± 0.55 medications in the low ET-1 group (𝑝 =
0.794, Figure 3). All of the additional medications were used
in POAG patients (0.3 ± 0.7), whereas the PEXG patients
required none.This difference was not statistically significant
(𝑝 = 0.220).

The number of postsurgical interventions was similar
between patients with high and low ET-1 concentrations.The
high ET-1 group required 5.5 ± 3.7 5-FU injections, 0.9 ± 1.1
suture lyses, and 0.2 ± 0.7 needlings, whereas the low ET-1
group had 5.1±3.1 5-FU injections, 0.7±0.9 suture lyses, and
0.1±0.5needlings (𝑝 = 0.736,𝑝 = 0.513, and𝑝 = 0.592, resp.;
Figure 3). Comparison between POAG and PEXG showed a
similar picture with 5.6 ± 3.7 versus 4.6 ± 2.6 5-FU injections
(𝑝 = 0.440). More suture lyses to titrate IOP (1.1 ± 1.1 versus
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Table 2: General characteristics of study groups.

High ET-1 Low ET-1
ET-1 in aqueous humor (pg/mL) 8.7 (±2.1) 4.4 (±1.5)
Last IOP before surgery (mmHg) 31.2 (±9.6) 23.8 (±5.2) p = 0.007
Age (years) 63.4 (±12.7) 63.3 (±11.4) 𝑝 = 0.996
Gender (m/f) 11/7 5/13 𝑝 = 0.092
Study eye (OD/OS) 3/15 10/8 𝑝 = 0.035
Number of medications 2.8 (±1.0) 2.7 (±0.8) 𝑝 = 0.857
Diagnosis (POAG/PEXG) 10/8 15/3 𝑝 = 0.146
Follow-up (months) 30.8 (±19.9) 27.8 (±21.4) 𝑝 = 0.661

Table 3: Complications.

Complication High ET-1 Low ET-1
Corneal erosion 2 2
Iris prolapse 1 0
Hypotony 1 0
Choroidal detachment 0 1
Fibrosis of sclera flap 0 1
Bleb fibrosis 1 0

Intraocular pressure 1–24 months after trabeculectomy
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Figure 2: Long-term development of IOP up to 24 months after
surgery. There is no significant difference between the groups.

0.3 ± 0.5, 𝑝 = 0.023) and less needlings (0.1 ± 0.4 versus
0.4 ± 0.9, 𝑝 = 0.203) were required in the POAG group than
in the PEXG group.

3.4. Complications. The number and type of complications
during and after surgery are displayed in Table 3. Most of the
early complications resolved spontaneously; the one case of
iris prolapse required revision surgery to reposition the iris.
Both cases of late complications (bleb fibrosis and scarring of
the sclera flap) required surgical revision andwere considered
surgical “failure” based on the definitions given above. There
was no relevant difference in complication rate or severity
between the high and low ET-1 groups.
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Figure 3: Comparison of different parameters indirectly indicative
of fibrosis or failure to control IOP at the last follow-up visit. There
is no difference between the high ET-1 group (blue bars) and the low
ET-1 group (red bars) for any of the recorded parameters.

3.5. Surgical Success Rates. Absolute success, defined as IOP
< 18mmHgwithout additionalmedication or further surgical
intervention, was achieved for 90%, 81%, 76%, and 68% at
12, 24, 36, and 48 months after surgery. Including relative
success, with additional medication to maintain IOP below
18mmHg or revision surgery due to complications, but not
additional pressure lowering surgery, success rates were 93%
at 12 months and remained at 89% for the entire follow-
up time thereafter. There was no difference in surgical
success between patients with high and those with low ET-
1 concentrations in aqueous humor (𝑝 = 0.715 for absolute
success and 𝑝 = 0.953 for relative success, log-rank (Mantel-
Cox) test; Figure 4) nor between POAG and PEX glaucoma
(8% versus 9.1% failure rate, data not shown).

4. Discussion

Endothelin-1 has repeatedly been shown to be increased in
different forms of open angle glaucoma [22–24]. While still
controversially discussed, there is accumulating evidence for
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Figure 4: Absolute success rate (a) and survival including relative success (b) over time. Ticks indicate censored data (final follow-up visits
to our clinic). There is no difference in overall success of trabeculectomy between patients with high (blue) and low (red) ET-1 concentration
in aqueous humor. Both groups have comparable, very good long-term outcomes of surgery.

a physiological and/or pathophysiological role of the peptide
in the regulation of IOP via effects on the contractility
of ciliary muscle and trabecular meshwork. Evidence from
animal models suggests that increases in ET-1 concentration
may contribute to increases in IOP by eliciting a smooth
muscle like contraction of the trabecular meshwork and
thereby raising outflow resistance through the tissue [8, 9].
For human tissue, no direct observation of native trabecular
meshwork contractility has been published yet, but experi-
mental evidence with cultured human TM cells suggests that
the proposed mechanism may be relevant to IOP regulation
in glaucoma patients [19, 20]. Interfering with ET-1 signaling
has therefore been proposed as a potential means of lowering
IOP pharmacologically [7, 17].

In a recent study by our group, a statistically highly
significant, albeit numerically small, correlation was shown
between IOP and ET-1 in aqueous humor of glaucoma and
cataract patients [16]. While this study did not allow estab-
lishing a causative relationship between the two parameters,
an influence of ET-1 on IOP regulation via effects on the
contractile state of the TM appears plausible. Assuming this
mechanism is correct, bypassing the TM surgically, that is, by
trabeculectomy, should in theory abolish, or at least diminish,
the association between ET-1 in aqueous humor and IOP.

Our analysis of the postoperative IOP development of
patients with knownET-1 concentrations shows this expected
loss of association very well: while before surgery there was
a significant difference in IOP between a patient group with
high and a group with low ET-1 concentrations, no difference
in IOP was observed at any point after surgery (Figures 1
and 2). Similarly, when comparing POAGpatientswith PEXG
patients, who had higher ET-1 concentrations and higher IOP
before surgery, there was no difference in IOP after surgery.
These observations might therefore be indirect evidence for
the proposed effect of ET-1 on human TM contractility and
IOP regulation.

Since the major site of outflow resistance, the TM, is
bypassed by trabeculectomy, the resulting long-term IOP is
mainly determined by the amount of aqueous being resorbed
by the conjunctival bleb that forms after surgery. Careful
maintenance of a wide, thin-walled, hypovascular filtering
bleb is therefore one of the major goals of postoperative care
[25].

Failure to control IOP after trabeculectomy is most often
the result of excessive scarring of the conjunctival wound.
The drained aqueous fluid has been shown to contain various
profibrotic growth factors, exposure to which leads to thick,
fibrotic tissue with limited capacity for aqueous resorption
[26, 27]. Bleb fibrosis was a common occurrence in the
early days of trabeculectomy; this limitation has in recent
years been partially overcome by the use of antifibrotics like
Mitomycin C (MMC) during surgery and 5-fluorouracil (5-
FU) during the early postsurgical phase. Both substances have
greatly improved the surgical outcome of trabeculectomy [28,
29].However, long-term results still show a cumulative failure
rate of TE of up to 10% per year [30–32].Moreover,MMC and
5-FU are associated with a number of unwanted side effects
due to the fact that theirmechanisms of action are not limited
to the scarring tissue but affect the corneal epithelium, limbal,
and conjunctival stem cells as well [33, 34]. There is a great
need to better understand the scarring process in order to
target it more specifically and with fewer side effects.

Likely the most important growth factor involved in
bleb fibrosis is transforming growth factor beta 2 (TGF-𝛽

2
),

which has been shown to be the major isoform in aqueous
humor, and which is found in increased concentrations in the
aqueous humor of patients with bleb fibrosis. However, not
all patients with fibrotic blebs also have high concentrations
of TGF-𝛽

2
[26, 35]. Other growth factorsmust also contribute

to the scarring process.
ET-1 has been shown to be involved in fibrosis in various

organ systems. It is a major pharmaceutical target in primary
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pulmonary hypertension as well as systemic sclerosis [36]. It
has also been shown to contribute to fibrosis in the heart, liver,
and kidney. In particular, ET-1 can facilitate the induction
of a myofibroblast phenotype in various “precursor” cells,
like fibroblasts, stellate cells of the liver, pericytes, monocytes,
and epithelial/endothelial cells [21]. Moreover, ET-1 can work
both in conjunction with and as a downstream effector of
TGF-𝛽 [37, 38].

While the effects of ET-1 on conjunctival or Tenon’s
fibroblasts have never been investigated in vitro or in vivo,
it appears reasonable to assume that similar mechanisms
as described in various other tissues could also be found
in the eye. In fibrotic filtering blebs after trabeculectomy
as well as in the hypertrophic capsules surrounding failed
glaucoma drainage devices myofibroblasts are the major
cell type contributing to the deposition of collagen and
fibronectin, two of themain constituents of fibrotic tissue [27,
39]. Moreover, it has been shown that contractility facilitated
through Rho-kinase (ROCK) dependent mechanisms is a
prerequisite for myofibroblast transdifferentiation in Tenon’s
fibroblasts and that inhibiting ROCK by specific inhibitors
as well as statins prevents this change of phenotype [40, 41].
Since ET-1 has also been shown to act through ROCK in
other ocular tissues, increased concentrations of the peptide
in aqueous may well contribute to postoperative scarring of
filtering blebs [18, 42, 43]. Our chart review therefore also
aimed to assess bleb fibrosis or precursors thereof in relation
to ET-1 concentrations.

Our results show no indication for an increased tendency
for fibrosis in the high ET-1 group. There were only two
patientswith clear signs of fibrosis: one scarred bleb in the low
ET-1 group and one scarred scleral flap in the highET-1 group,
which was deemed to be an “unusual finding” according to
the surgeon.

In our study, all patients received the same amount of
MMC (0.1mL at 0.2mg/mL for 5 minutes) during surgery.
Therefore scarring was less likely to occur. Differences in
fibrotic propensity might have shown indirectly, however, for
example, in the number of 5-FU injections needed in the
immediate aftermath of trabeculectomy. Application of 5-
FU is typically used based on clinical signs of inflammation
and impending early bleb fibrosis like hyperemia of the
conjunctiva above the bleb and “cork screw vessels.” Our
data, however, show no difference in the use of 5-FU between
the groups. Similarly, there was no difference in the average
number of suture lyses needed to titrate IOP to desirable
levels nor in the number of needlings required to detach the
bleb walls from the sclera (Figure 3).

Another indirect measure for the onset of fibrosis might
be the need for additional glaucoma medication in order to
control IOP. As scarring progresses the amount of aqueous
resorbed through the bleb walls drops, making the need for
othermeans of controlling IOPmore likely. In our study there
was no difference in the number and timing of new glaucoma
medications.

There are a number of limitations to our study, like
its retrospective design, or the rigid selection criteria. The
latter were necessary for the initial study in order to avoid
any interference from systemic disorders with increased

ET-1 concentrations in blood plasma. Such diseases might
have masked the hypothesised correlation between ET-1
in aqueous and IOP. We therefore only included patients
that were in excellent health. Patients had no potentially
confounding systemic disorders (e.g., cardiovascular and
vasospastic disorders, diabetes mellitus, pulmonary diseases,
or solid tumors). Similarly, because manipulation of the eye
might affect intraocular ET-1 concentrations, only patients
without any other ophthalmological diseases, prior ocular
surgery, or traumawere included (for further information see
[16]). Our patients are therefore not a representative sample
of glaucoma patients, who are typically afflicted with one or
more of the diseases mentioned above. While this selectivity
was quite necessary for the previous study, the results of this
retrospective investigation may suffer from a selection bias
and can therefore not be generalized.

On the other hand, our general results like age of the
included patients, overall success rate, long-term IOP control,
and use of additional medication are in good agreement with
larger, more representative study populations. The Advanced
Glaucoma Intervention Study (AGIS) and the Collaborative
Initial Glaucoma Treatment Study (CIGTS), for instance,
had similar baseline characteristics: 67.0 and 58.1 years
of age versus 63.3 in our study; presurgical IOP of 25.5
and 27.4mmHg versus 27.5mmHg, respectively; presurgical
number of medications of 2.7 in the AGIS versus 2.8 in our
study [44, 45].

The sample size may also affect interpretation of the
results. With only 18 patients per group, our study is greatly
underpowered to detect small differences. Also, due to its
retrospective nature not all patients were present for all
selected time points of analysis. However, since the outcome
in both groups are almost identical with regard to number
of adjunct medications, 5-FU injections, suture lyses, and
needlings, the required sample size to determine a significant
difference would have been excessively large. Moreover, such
small differences would most likely not be clinically relevant.

More importantly, nothing is currently known about
the dynamics of ET-1 concentrations in aqueous humor.
We only determined ET-1 levels once, in samples collected
during the initial surgery. One cannot safely assume that ET-
1 concentrations remain static or that they are unaffected by
ocular or systemic conditions ormedication.Theymight even
have been altered by the surgery itself. Since we only included
otherwise healthy subjects, systemic effects on ET-1 should
have been minimal (as shown by the lack of difference in
systemic ET-1 levels between groups). Yet, we cannot rule
out that ET-1 levels in aqueous humor are highly dynamic
and the single sample is not representative of long-term ET-1
concentrations. Since it is difficult to sample aqueous humor
on a regular basis, we have to contend with this limitation.

In conclusion, our results demonstrate that a potential
regulatory role of ET-1 on IOP through actions on the
trabecular meshwork is effectively abolished by shunting this
tissue. In our small sample of otherwise healthy glaucoma
patients, increased concentrations of Endothelin-1 in the
aqueous humor did not influence the surgical outcome of
standard trabeculectomy with MMC during up to four years
of follow-up. This does not preclude a long-term effect of
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very high concentrations in aqueous humor or of systemically
increased ET-1 on wound healing and bleb fibrosis. Further
laboratory studies on the interactions of ET-1 with conjunc-
tival and Tenon’s fibroblasts as well as prospective clinical
studieswith larger,more representative patient groupsmay be
useful to elucidate potential effects of ET-1 on trabeculectomy
outcome.
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Purpose. To evaluate the outcomes of 23-gauge vitrectomy combined with phacoemulsification, PRP and trabeculectomy without
use of anti-VEGF-agents for NVG. Methods. Eighteen eyes of 18 patients with NVG underwent 23-gauge vitrectomy combined
with phacoemulsification, PRP and trabeculectomy without use of anti-VEGF agents. The preoperative BCVA ranged from light
perception to 0.2. The preoperative IOP ranged from 38mmHg to 64mmHg with a mean of 54 ± 8mmHg. The average follow-up
time was 14.5 ± 3months with a range from 11 to 24 months. Results. The postoperative VA increased in 14 eyes and was stable in 4
eyes at the final follow-up.Themean IOP was 12±3mmHg at postoperative day 1.Themean IOP was 15±2mmHg, 16±3mmHg,
23 ± 5mmHg, 28 ± 4mmHg, 22 ± 5mmHg, 17 ± 3mmHg, and 19 ± 4mmHg at postoperative days 2 and 3, 1, 2, 3, and 12 weeks,
and 1 year postoperatively, respectively, with a range from 10 to 30 mmHg at the final follow-up time point of one year.The IOP was
significantly lower than the preoperative one 12 weeks postoperatively (𝑝 < 0.05). Conclusion. 23-gauge vitrectomy combined with
phacoemulsification, PRP, and trabeculectomy without use of anti-VEGF-agents is a safe and effective method in treating NVG.

1. Introduction

Neovascular glaucoma (NVG) complicated by vitreous hem-
orrhage (VH) is commonly caused by retinal ischemia sec-
ondary to central retinal vein occlusion (CRVO), branch
retinal vein occlusion (BRVO), and/or proliferative diabetic
retinopathy (PDR) [1–3]. Vision can be severely affected by
NVG, which often causes permanent damage to the optic
nerve secondary to high intraocular pressures associatedwith
angle closure. Ischemic neovascular vessels can form and
occlude the angle. Hypoxia caused by CRVO, BRVO, and
PDR induces production and release of vascular endothelial
growth factor (VEGF) and inflammatory mediators. These
neovascular vessels are leaky and fragile and can cause VH
and NVG and are also associated with leakage of inflamma-
tory molecules which can cause macular edema.

NVG is one of the most recalcitrant glaucoma types to
treatment and has one of the worst outcomes of the many

types of glaucoma. NVG often needs surgical treatment
because medical treatment of elevated IOP is often inade-
quate. The standard of early treatment once NVG occurs is
panretinal photocoagulation (PRP), which destroys ischemic
retina and decreases the production of proangiogenic factors
such as VEGF. PRP can prevent ischemic retina from pro-
gressing to NVG. Glaucoma drainage implants, trabeculec-
tomy with mitomycin C, cyclocryotherapy, or diode laser
coagulation of the ciliary body is another treatment option
available for the treatment of recalcitrant and end-stage NVG
[4–6]. Pars plana vitrectomy (PPV) combined with glaucoma
drainage implantation can produce good control of intraoc-
ular pressure (IOP) in NVG patients with PDR [7, 8].

Antivascular endothelial growth factor (anti-VEGF)
molecules have been used formany ocular diseases, including
NVG. A number of studies have evaluated the use of anti-
VEGF agents as stand-alone or adjunctive treatment for NVG
[9]. Adjunctive anti-VEGF treatment promotes the surgical
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success rate for NVG. IOP lowering surgery combined with
PRP or intravitreal injection of anti-VEGF antibodies aids in
regression of neovascularization and stabilization of vision
[10, 11].

The optimal approaches to treating NVG with VH are
to provide patients with an individualized management plan
according to etiology, stage of disease, and visual potential
among other factors. PPV combinedwith PRP can reduce the
occurrence ofNVGand increases visual acuity (VA) inCRVO
with VH [12]. In this retrospective study, we investigated the
long term surgical outcomes, including VA and IOP of NVG
eyes complicated with VH, after treatment with 23-gauge
vitrectomy combined with phacoemulsification, PRP, and
trabeculectomy without use of anti-VEGF agents. We suggest
that this is an effective method for the treatment of NVG
induced by retinal vessel occlusion and PDR.

2. Patients and Methods

2.1. Patients. The study was approved by Tianjin Medical
University General Hospital Medical Ethics Committee and
complies with the Declaration of Helsinki, including current
revisions, and with the Good Clinical Practice guidelines.
The procedures followed were in accordance with insti-
tutional guidelines; all the subjects provided their written
informed consent for sampling according to the Declaration
of Helsinki. All the subjects were recruited from the ophthal-
mology department of Tianjin General Hospital.

Eighteen eyes of 18 consecutive patients who had NVG
and VH underwent 23-gauge vitrectomy combined with
phacoemulsification, PRP, and trabeculectomy without use
of anti-VEGF agents from January 2012 to June 2014. Ten
patients were males, and 8 were females.The age ranged from
58 to 76 years with a mean of 62±6 years.Three patients were
with hypertension, 7 patients were with diabetes mellitus
complicated with hypertension, and 8 patients were with dia-
betes mellitus complicated with renal failure. Eight eyes had
a history of CRVO, 6 eyes had PDR complicated with BRVO,
and 4 eyes had PDR alone (Table 1).The rubeosis iridis condi-
tions were present in 18 NVG eyes preoperatively (Figure 1).
The preoperative VA ranged from light perception to 0.2.
The preoperative IOP ranged from 38 to 64mmHg with a
mean of 54 ± 8mmHg. The average follow-up was 14.5 ± 3
months with a range from 12 to 24 months.

Eyes with a prior history of intravitreal injection of ster-
oids or anti-VEGF agents, VH without retinal vessels occlu-
sion and PDR, ocular trauma, ocular tumors, and corneal
opacity precluding PRP, or cataract extraction before NVG
was diagnosed were excluded.

2.2. Pre- and Postoperative Examinations. Pre- and postop-
erative examinations included VA, slit-lamp examination,
gonioscopy, indirect ophthalmoscopy, IOP, and B-scan.

2.3. Surgical Procedures. We performed 23-gauge PPV using
a three-port technique in all patients.The eye received retrob-
ulbar and peribulbar 2% lidocaine for anesthesia, and the eye
was then prepared for a standard three-port 23-gauge vit-
rectomy. After the infusion cannula was placed, the cataract

was extracted by phacoemulsification through a clear corneal
incision approach. The posterior capsule was preserved in
10 eyes and was completely resected in 8 eyes. During PPV,
posterior hyaloid separationwas induced by suction using the
vitreous cutter over the optic nerve head in eyes without pos-
terior vitreous detachment. In each case, themeticulous shav-
ing of the vitreous base under a wide-angle viewing system
with assisted sclera depression was performed to remove as
much residual blood as possible. After theVHwas completely
removed, any fibrovascular tissue present was removed using
the microvitrector tip. Hemostasis was maintained by raising
the IOP through the infusion fluid or by using endodiathermy
intraoperatively.

PRPwas performed in all eyes, and subsequent peripheral
retinal cryotherapywas given only in severeNVG eyes during
the surgery. A 4 × 3mm lamellar sclera flap was created in the
superior region to the limbal border, and then amitomycin C
trabeculectomy was performed. Postoperative examinations
were completed at 1, 2, and 3 days, 1, 2, 3, and 12 weeks, and 1
year after the surgery. Intraocular lenses were implanted in 3
eyes 3 months after the combined surgery. No supplemental
PRP was given in the postoperative period.

Paired Student’s 𝑡-test was used to analyze changes in pre-
and postoperative IOP.

3. Results

After the combined surgery, the conjunctival incisions healed
well, and the conjunctival flap was formed significantly.
Corneas were clear, and iridectomies were patent. Rubeo-
sis iridis has regressed in all eyes 1 week postoperatively
(Figure 1). At the final follow-up postoperatively, rubeosis
iridis disappeared in the iris and conjunctiva filtering bleb
was flat.

3.1. VA. The postoperative VA increased in 14 eyes with the
BCVA ranging from 0.02 to 0.4 and was stable relative to
the preoperative vision in 4 eyes at the final follow-up. The
change trend of BCVA pre- and postoperatively was demon-
strated in Figure 2. The BCVA significantly increased within
three months postoperatively compared with the preopera-
tive BCVA (𝑝 < 0.05) and then remained stable (𝑝 > 0.05).

3.2. IOP. The mean IOP was 12 ± 3mmHg, 15 ± 2mmHg,
16 ± 3mmHg, 23 ± 5mmHg, 28 ± 4mmHg, 22 ± 5mmHg,
17±3mmHg, and 19±4mmHg at 1, 2, and 3 days, 1, 2, 3, and
12 weeks, and 1 year, postoperatively.The IOP ranged from 10
to 30mmHg 1 year postoperatively.The IOP was significantly
lower at three months compared to the preoperative baseline
IOP (𝑝 < 0.05) and then remained stable to the final follow-
up (𝑝 > 0.05) (Figure 3). IOP was not in normal range in 8
eyes 1 month postoperatively, and 2% carteolol hydrochloride
was used twice a day for 1 month in 5 eyes and combined with
brinzolamide 3 times a day for 1 month in 3 eyes for making
IOP to normal range.

3.3. Postoperative Complications. Postoperative complica-
tions mainly included fibrosis exudates in the anterior
chamber (7 eyes), temporary IOP elevation at 2 weeks
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(a) (b)

(c) (d)

(e) (f)

(g)

Figure 1: A 63-year-old woman with a history of diabetes mellitus complicated with renal failure underwent combined surgery for PDR
complicatedwithNVG.ThepreoperativeVAwas LP and increased to 0.04 postoperatively, with IOPdecreasing from64mmHgpreoperatively
to 19mmHg at the final follow-up postoperatively. Rubeosis iridis was present in the iris preoperatively and regressed 1 week postoperatively.
At the final follow-up postoperatively, rubeosis iridis disappeared in the iris and conjunctiva filtering bleb was flat. (a) Rubeosis iridis (white
arrow) was present in the iris preoperatively, and new vessels (white arrow) were seen at the anterior chamber angle by gonioscopy. IOP was
64mmHg. (b) Rubeosis iridis (white arrow) was still present in the iris 1 day postoperatively, and conjunctiva filtering bleb was formed. IOP
was 16mmHg. (c) Rubeosis iridis (white arrow) was significantly decreased in the iris 2 days postoperatively, and cornea was clear. IOP was
15mmHg. (d) Rubeosis iridis (white arrow) was not significant in the iris 3 days postoperatively, and conjunctiva filtering bleb was obvious.
IOPwas 15mmHg. (e) Rubeosis iridis regressed in the iris 1 week postoperatively, and conjunctiva filtering bleb was stable. IOPwas 15mmHg.
(f) Rubeosis iridis disappeared in the iris at the final follow-up postoperatively, and conjunctiva filtering bleb was flat. IOP was 19mmHg. (g)
Intraoperative PRP for treatment of PDR complicated with BRVO in patients with NVG and optic nerve atrophy 1 week postoperatively.

postoperatively (2 eyes), and postoperative suprachoroidal
hemorrhage (1 eye).

4. Discussion

A cyclodestructive method or glaucoma drainage surgery
is frequently the final option for treatment of severe NVG,
but the postoperative VA rarely increases, and IOP is some-
times poorly controlled after aggressive treatment [4, 5].
We treated NVG using 23-gauge vitrectomy combined with

phacoemulsification, PRP, and trabeculectomywithout use of
anti-VEGF agents and obtained predictable results.

NVG develops secondary to extensive ischemic retinal
changes, such as occurring with PDR and CRVO. In CRVO,
when the retinal vein is occluded, the ischemic retina releases
VEGF and inflammatory cytokines into the vitreous cavity,
posterior chamber, anterior chamber, and anterior chamber
angle [13]. The VEGF in the anterior chamber stimulates
neovascularization of the iris and the angle, restricts aqueous
outflow, and results eventually in the development of NVG.
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Figure 2:The chart clearly demonstrates the change trend of BCVA
pre- and postoperatively. The BCVA significantly increased within
three months postoperatively compared with the preoperative
BCVA (𝑝 < 0.05) and then remained stable (𝑝 > 0.05).
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Figure 3: The chart clearly demonstrates the change trend of IOP
pre- and postoperatively. The IOP was significantly lower within
three months postoperatively compared with the preoperative base-
line IOP (𝑝 < 0.05) and then remained stable (𝑝 > 0.05).

Wakabayashi et al. [14] reported high intraocular VEGF level
at the time of primary vitrectomy in patientswith PDR,which
was identified as a significant risk factor for postoperative
early VH. Goto et al. [15] reported that the risk factors for
NVG after vitrectomy in eyes with PDR are independently
associated with male sex, younger age, higher baseline IOP,
preoperative neovascularization in the angle, andNVG in the
fellow’s eye.

In this study, 8 patients had hypertension complicated
with CRVO, 6 patient had hypertension complicated with
BRVO, and 4 patients had PDR. The 4 patients with PDR
were also complicated with either CRVO or BRVO. PDR in
these 4 patients was not very severe. Therefore, the main
reason resulting in NVG was either CRVO or BRVO. In our
experience, NVG caused by CRVO or BRVO occurs more
quickly than by diabetic retinopathy. In patients with CRVO
or BRVO, the observation of IOP, rubeosis irides, and retinal
neovascularization should be emphasized, andPRP should be
performed for decreasing the risk of developing NVG.

Phacoemulsification, vitrectomy, PRP, and trabeculec-
tomy were adopted to treat NVG complicated with VH
according to the different treatment mechanisms. Pha-
coemulsification to remove a cataract can improve the view so
vitrectomy andPRP can be performedmore easily. In patients
without a posterior capsule preserved after phacoemulsifi-
cation, the postoperative IOP may be lowered significantly
because of the free communication of aqueous humor
between the anterior chamber and vitreous cavity. How-
ever, postoperative suprachoroidal hemorrhage occasionally
occurred because of sudden decrease of postoperative IOP
or simultaneously ocular trauma. In this study, 1 eye with-
out posterior capsule preservation developed suprachoroidal
hemorrhage because of ocular trauma 3 days postoperatively
and were treated with drainage of suprachoroidal hemor-
rhage through sclerotomies and placement of 30% C3F8 into
the vitreous cavity.

The benefits of vitrectomy for NVG complicated by VH
are as follows: (1) vitrectomy removes VH and clears the vit-
reous cavity which can increase VA, (2) vitrectomy removes
and may reduce the expression of VEGF, which is a vital
factor for neovascularization, (3) vitrectomy to remove VH
can prevent hemolytic or ghost cell glaucoma, and (4) PRP
can be performed completely and easily after PPV. In NVG
with VH, performing complete PRP is often difficult even in
cases with minimal VH.

PRP, the standard of care for treating NVG in ischemic
CRVOandPDR, decreases oxygen consumption and produc-
tion of VEGF and aids in the regression of rubeosis irides.
In patients with previous partial retinal laser treatment,
additional laser photocoagulation can be performed intraop-
eratively because it is conducted under anesthesia and patient
feels no orminimal painwhich allows formore complete PRP
along with the greater peripheral retinal view for additional
PRP. Rubeosis iridis does not regress immediately after PRP,
and effect on IOP can be minimal or delayed after PRP.
Therefore, in patients with open angle NVG, trabeculectomy
is effective in decreasing the IOP temporarily as, in patients
with angle closure NVG, trabeculectomy is used to decrease
the IOP for a longer term.

In recent years, anti-VEGF agents have been widely
applied for the treatment of ischemic retinopathy, including
retinal vessel occlusion and PDR. Anti-VEGF agents used
in PDR can reduce intra- and postoperative hemorrhage
associated with the surgical removal of VH. Although very
little information about the role of anti-VEGF treatment in
NVG complicated with VH exists, trabeculectomy combined
with injection of anti-VEGF agents into the vitreous body for
NVG has been documented. However, the long term effect of
decreasing the IOP does not appear to be significant com-
pared with trabeculectomy alone. Anti-VEGF agents can
cause temporary regression of iris neovascularization, but the
long term use for anti-VEGF agents for NVG is not as clear as
it is for age-related macular degeneration. Additionally, long
term use of anti-VEGF agents for NVG can be very expensive.

Other protocols for treatment of NVG have been
described. Bartz-Schmidt et al. [16] treated NVG with vitrec-
tomy combined with PRP, direct laser coagulation of ciliary
processes, and silicone oil tamponade. The IOP normalized
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in 59% of eyes at 6 months postoperatively and in 72% of eyes
after 1 year. Chuang et al. [12] reported 56 eyes with CRVO
complicated by VH which underwent PPV combined with
PRP, and the most important result was a lower incidence
of NVG development and VA improvement. Kinoshita et al.
[17] reported PPV combined with lensectomy with anterior
capsule preservation, endophotocoagulation, and silicon oil
tamponade for NVG.The IOP decreased from 29±19mmHg
to 17 ± 6mmHg 1 year postoperatively with a success rate
of 69.2%. Luttrull and Avery [18] reported the treatment of
NVG with vitrectomy combined with pars plana glaucoma
drainage implant, and all patients had normal IOPs 1 year
postoperatively. Wallsh et al. [7] reported pars plana place-
ment ofAhmed valved glaucomadrainage implants in combi-
nationwith PPV in the treatment of NVG.The IOP decreased
from 37.6mmHg to 13.8mmHg. Jeong et al. [8] reported
pars plana Ahmed GDI placement combined with 23-gauge
vitrectomy for NVG in DR, and IOP decreased from 35.9 ±
6.3mmHg to 13.3 ± 3.2mmHg at the last visit. Control of
IOP was achieved in all patients, but 91% needed antiglau-
coma medications. Sevim et al. [19] reported the effect of
intravitreal bevacizumab injection before Ahmed glaucoma
valve implantation in NVG and the surgical success rate was
79%. In this study, the IOP was normal in 71.4% during post-
operative follow-up, and the neovascularization of the iris
disappeared in all eyes. Preoperative use of bevacizumabmay
be to have a better result when our combined surgery is not
practical or feasible [20].

In conclusion, vitrectomy combined with phacoemulsi-
fication, PRP, and trabeculectomy without use of anti-VEGF
agents is a safe and effective method in treating NVG com-
plicated with VH. In some cases, loss of VA was decreased.
This combined surgery may be considered as a first treatment
option for NVG complicated VH, and the long term effects
of the combined surgery should be investigated.
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Purpose. To evaluate the effectiveness and safety of three biodegradable terpolymers prepared from L-lactide, trimethylene
carbonate, and glycolide (PTLGA) as an aid for trabeculectomy compared with the Ologen (OLO).Methods. Trabeculectomy was
carried out on rabbits with implantation made from OLO or three PTLGA terpolymers. Intraocular pressure (IOP) was recorded
1, 2, 3, and 6 months postoperatively and bleb evaluations were performed using ultrasound biomicroscopy (UBM) 3 months after
surgery, optical coherence tomography (OCT) everymonth, and transmission electronmicroscopy (TEM) sixmonths after surgery
followed by histological examination 1, 2, 3, and 6 months postoperatively. Result. IOP was significantly reduced in all groups after
surgery. There were no significant differences in the IOL between groups at any time after implantation. There was no significant
difference between the groups examined by OCT, UBM, and TEM. Exposure of the implant was observed in one eye from the OLO
group and one eye in the P1. Subconjunctiva hyperblastosis was observed in one eye from group P3 and two eyes from the OLO
group.Conclusions. Subconjunctival implantation of filtering devicesmade fromPTLGAmay present a safe and effective additional
surgical tool for the treatment of filtering surgery. Fewer complications were observed in the group with P2 implants compared to
other groups.

1. Introduction

Since trabeculectomy was introduced in 1968, it has been
the most common surgery to treat glaucoma [1]. Because
scarring is still the major threat to the long-term success of
glaucoma trabeculectomy surgery, mitomycin C (MMC) has
been widely used as an antifibrotic agent to inhibit fibroblast
proliferation and tomaintain an ideal postoperative intraocu-
lar pressure (IOP) for more than two decades [2]. It has been
proved that MMC raised the success rate of many types of
glaucoma filtration surgery [3–5], and the use of MMC as
a therapeutic agent has been well established as an effective
clinical practice at achieving low final intraocular pressures
(IOPs). However, severe complications such as leakage, infec-
tion, hypotony, and endophthalmitis with complete loss of
vision may occur in surgeries with MMC, and surgery still

fails in some individuals unfortunately [6, 7]. Less toxic
antifibrotic agents or better therapeutic methods are needed.

Because of that,many promising new agents and implants
to inhibit scar formation with fewer adverse effects have
been evaluated in recent researches. Biodegradable implants
such as Ologen (OLO), a porous collagen-glycosaminoglycan
matrix, could potentially take the place of MMC to prevent
the adhesion of the conjunctiva and sclera [8, 9] and the col-
lapse of the subconjunctival space after trabeculectomywhich
leads to collagen deposition and microcyst formation after
penetrating antiglaucomatous surgery. Use of OLOdecreased
early postoperative scarring and could be used to repair post-
operative bleb leaks [10, 11]. Adverse effects of OLO included
translocation or exposure of the implant or erosion of the
conjunctiva.
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Figure 1: Synthesis route of PTLGA terpolymers. By permission from Shen et al. [12].

Biodegradable polymers such as poly(L-lactide) (PLLA),
polyglycolide (PGA), poly(1,3-trimethylene carbonate)
(PTMC), and their copolymers have attracted great attention
for biomedical applications such as surgical implants, drug
carrier, and tissue engineering scaffold because of their out-
standing biocompatibility and biodegradability. In previous
studies, terpolymers prepared from L-lactide, glycolide, and
1,3-trimethylene carbonate (PTLGA) have been successfully
used as intravascular stent [12].

The goal of this study was to evaluate the efficacy and
safety of PTLGA terpolymer in keeping the postoperative
space between the conjunctiva and sclera functional and thus
to maintain the filtering bleb active after trabeculectomy in
rabbit eyes.

2. Materials and Methods

All experiments were carried out on the OD eye under a
surgical microscope and general anesthesia. Rabbits weigh-
ing between 2.5 and 3.0 kg were anesthetized by intra-
muscular injection of ketamine hydrochloride (10mg/kg)
and xylazine (20mg/kg). Topical anesthesia (0.5% propara-
caine hydrochloride, Alcaine, Alcon-Couvreur, Belgium)was
applied to the eyes. All rabbits were treated in accordance
with the ARVO Statement on the Use of Animals in Oph-
thalmic and Vision Research, and the experimental protocol
was approved by the Animal Care and Use Committee of
Zhongshan Hospital, Fudan University.

2.1. Trabeculectomy in Rabbit Eyes. Four groups of eight
female rabbits underwent trabeculectomy (32 animals in
total). A fornix-based conjunctival incision was made and
a 3 × 3mm scleral flap was created. Trabeculectomy was
performed at the scleral spur, followed by iridectomy. A 5 ×
6mm implant sheet was placed on the scleral flap, the implant
inserted over the flap.The scleral flap and conjunctival wound
were sutured with 10-0 nylon. The implants included OLO
and 3 different kinds of PTLGA terpolymers, P1, P2, and P3,
in the study groups (see Section 2.2 below). No antifibrotic
agent such asMMCwas applied. Filtering bleb formation and
inflammation of the anterior chamber were observed with
slit-lamp microscopy by masked observers.

2.2. Materials. PTLGA terpolymers [13] (Figure 1) were
generously prepared [12] and provided by Dr. Suming Li and

Dr. Zhongyong Fan. The implant has a shape of film and a
thickness of 1mm:

P1, PLLA :GA : TMC (95.8 : 5.4 : 4.2, mole :mole).
Number average molecular weight is 232KDa.

P2, PLLA :GA : TMC (60 : 13.2 : 22.8, mole :mole).
Number average molecular weight is 45KDa.

P3, PLLA :GA : TMC (2 : 1.19 : 0.8, mole :mole).
Number average molecular weight is 28KDa.

OLO (Ologen; Aeon Astron Group B.V. Leiden, the Nether-
lands).The implant size was 10mm (W) × 10mm (L) × 2mm
(H) (number 870051).

All implants were cut into 5mm (W) × 6mm (L) in the
study.

2.3. Examining Methods

2.3.1. Intraocular Pressure (IOP) Measurements. After topi-
cal anesthesia of 0.5% proparacaine hydrochloride Alcaine
(Alcon-Couvreur, Belgium), IOP was measured using a
Goldman applanation tonometry at baseline and twice a
month for 1, 2, 3, and 6months after surgery in all groups. IOP
measurements were made by a blinded investigator. An aver-
age of three tonometer readings, with a maximum 5% stan-
dard deviation (SD), was recorded per eye. The IOP of all the
experimental rabbits was measured at approximately 3 p.m.

2.3.2. Hematoxylin-Eosin Staining. Rabbits were killed by
excess ketamine (35mg/kg) and xylazine (5mg/kg) on
months 1, 2, 3, and 6 after implantation. Eyes were quickly
removed and fixed in 4% formaldehyde. The conjunctiva
and implant with the underlying scleral bed were dissected,
dehydrated, and embedded in paraffin. Sections were cut by
a microtome at 7 micrometers and stained with hematoxylin
and eosin (H&E) for general histologic observation.

2.3.3. Optical Coherence Tomography (OCT). The subcon-
junctival fluid space was classified as none, single small, mul-
tiple small, or large and scored as 0, 1, 2, and 3, respectively,
using a Zeiss Visante OCT (Model 1000, Carl Zeiss Meditec
Inc., Dublin, CA).The upper lid was gently lifted by the oper-
ator to maximize bleb exposure as best as possible without
pressing on the globe. Several radial and transverse sections
were assessed.
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Table 1: Comparison of IOP measurements between the Ologen group and PTLGA terpolymer groups.

Time points 𝑛 OLO (mean ± SD) P1 (mean ± SD) P2 (mean ± SD) P3 (mean ± SD)
Preoperative 8 15.5 ± 1.2 15.3 ± 1.3 15.4 ± 1.3 15.4 ± 1.1n∗

1 month after surgery 8 9.6 ± 1.1 9.3 ± 1.6 9.6 ± 1.5 9.7 ± 1.1n∗

2 months after surgery 6 13.5 ± 1.2 13.3 ± 2.0 13.6 ± 0.9 13.7 ± 1.0∗

3 months after surgery 4 15.1 ± 1.1 14.5 ± 1.9 15.1 ± 1.3 15.2 ± 1.2
6 months after surgery 2 16.3 ± 0.6 13.9 ± 0.5 16.2 ± 0.1 15.9 ± 1.5
n
𝑃 = 0.000, paired-sample 𝑡-test.
∗

𝑃 < 0.05, paired-sample 𝑡-test.
Data are presented as mean ± standard deviation.

(a) (b)

Figure 2: Imaging of UBM examination. (a) Horizontal section of the filtering bleb. (b) Vertical section of the filtering bleb.

2.3.4. Ultrasound Biomicroscopy (UBM). UBM (SW-3200,
SUOER,Tianjin, China)was used to evaluate the height of the
postoperative filtering blebs, and the maximum height of the
filtering bleb including the eyeball wall in each scanwasman-
ually measured and automatically calculated with the device’s
software. The vertical line was drawn through the maximum
height point of the filtering bleb at the corneal limbus,
whereas a horizontal line through the same point was used as
a base (Figure 2); the bleb area and height within this section
of the bleb were used to estimate the volume of the bleb area
and analyzed.

2.3.5. Transmission Electron Microscope Examination. Rab-
bits were euthanized six months after surgery. Eyes were
quickly removed and fixed in 4% formaldehyde. Sections of
conjunctiva and implant with the underlying scleral bed were
cut to a thickness of 1 𝜇m stained with uranyl acetate, fol-
lowed by lead citrate. Slices were observed using an electron
microscope (JEOL 1200, JEOL Co., Japan).

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS statistical software (Windows version 20.0; SPSS
Inc., Chicago, IL, USA). One-way analyses of variance (One-
way ANOVA) and Fisher’s exact test were used to compare
between the groups. In comparison of pre/postoperative
results, paired Student’s t-test was used. Complete resorption
time was compared using the log rank test and survival
curves (Kaplan-Meier curves). The results are expressed as
mean ± standard deviation, and 𝑃 < 0.05 was deemed to be
statistically significant.

3. Results

3.1. IOP Measurements. No animals were excluded from this
study since there were no intraoperative complications. One

month after surgery, postoperativemean intraocular pressure
(IOP) was significantly lower (𝑃 < 0.0001) in all groups. At
one, three, and six months after surgery, the mean IOP was
not statistically (𝑃 > 0.05) different between groups (Table 1).

3.2. Morphology Observation. Only mild conjunctival hyper-
emia and edema were observed three to six days postopera-
tively and disappeared about two weeks later. No occurrence
of keratitis, uveitis, or endophthalmitis was observed. During
the postoperative follow-up observations, we did not detect
allergy or translocation of the implants. Exposure of the
implant was observed in one eye in the control group in
the second week and group 1 in forth week. The implants
were repositioned by conjunctival suture (Figure 3). Table 2
provided an overview of the recorded side effects between
the OLO group and PTLGA terpolymer groups. Using the
Kruskal-Wallis test, the frequency of postoperative complica-
tion did not significantly differ between the groups.

One month after surgery, the filtering bleb was obviously
visible in all eyes. Three months later, the filtering blebs were
observed flatter in eyes of the OLO group and groups P2 and
P3 (Figure 4). Six months after surgery, except for group P1,
it was quite difficult to observe the filtering blebs.

3.3. Histologic Evaluation. With hematoxylin-eosin staining
we observed that all the biomaterials were found in the sam-
ples isolated at three months, except for P1 which had been
observed at 3 months after surgery and undergone complete
degradation six months after implantation. A weak fibrous
capsule formation was observed around all of the biomate-
rials especially after one month after implantation (Figure 5).
Three months after surgery, the fibrous capsule was difficult
to observe in all eyes of group P3 and 3 eyes of theOLOgroup.
Subconjunctiva hyperblastosis composed of fibroblasts, small
vessels, and inflammatory cells was observed in one eye of
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Table 2: Comparison of complications between the Ologen group and PTLGA terpolymer groups.

Complications OLO number (%) P1 number (%) P2 number (%) P3 number (%) 𝑃

Mild conjunctival hyperemia 7 (87.5%) 8 (100%) 7 (87.5%) 7 (87.5%) 0.057
Mild conjunctival edema 2 (25%) 5 (62.5%) 3 (37.5%) 1 (12.5%) 1.000
Mild hyphema 0 0 0 0 —
Hypotony 0 0 0 0 —
Shallow anterior chamber 0 0 0 1 (12.5%) 0.057
Avascular cystic bleb 0 0 0 0 —
Cataract formation 0 0 0 0 —
Keratitis 0 0 0 0 —
Uveitis 0 0 0 0 —
Endophthalmitis 0 0 0 0 —
Choroidal detachment 0 0 0 0 —
Bleb leakage 1 (12.5%) 1 (12.5%) 0 1 (12.5%) 0.057
Implant exposure 1 (12.5%) 1 (12.5%) 0 0 0.086
Fisher’s exact test.

(a) (b)

Figure 3: Exposure of implant happened in 2 eyes; both of them were repositioned by conjunctival suture and recovered well. (a) Exposure
of Ologen in control group. (b) Exposure of P1 in Group 1.

group P3 and 2 eyes of the OLO group even after the
biomaterials were biodegraded (Figure 6).

3.4. Morphology Examination

3.4.1. Optical Coherence Tomography (OCT). Gradual resorp-
tion of the implant and subconjunctival fluid spaces was
observed. The complete resorption time was 2 months in
10 eyes and 3 months in 14 eyes. The complete degradation
time of group P1 was longer than others but not significantly
different, 4 months in 2 eyes, 5 months in 1 eye, and 6
months in 1 eye; there were still implants left in 2 eyes when
rabbits were executed. There were no significant differences
of the Kaplan-Meier chart curves between the Ologen group
and PTLGA terpolymer groups (log rank test, 𝑃 = 0.051)
(Figure 7). Three months after surgery, the OCT scores were
not significantly (F = 0.77, 𝑃 = 0.53) different between
groups: 2 ± 1, 2.5 ± 0.6, 1.8 ± 0.5, and 2.0 ± 0.8 for the groups
OLO, P1, P2, and P3, respectively. Because of its low depth of
penetration, OCT could not be used to assess the route under

the scleral flap in some cases, but it is easy to examine if there
are implantations left (Figure 8).

3.4.2. Ultrasound Biomicroscopy (UBM). There were no sig-
nificant (F = 2, 𝑃 = 0.18) differences in mean bleb volume
at three months: 26 ± 7mm3, 21 ± 7mm3, 33 ± 3mm3, and
30 ± 11mm3, for groups OLO, P1, P2, and P3, respectively.

3.5. Transmission Electron Microscope. A weak fibrous cap-
sule formationwas observed around all of the four biomateri-
als, and small amounts ofmacrophages were observed nearby
(Figure 9).

4. Discussion

As stated in the introduction, trabeculectomy is the most
common antiglaucoma surgical procedure. Although both of
MMC and OLO had a good record of higher achievement
ratio in the surgery [14, 15], because of some adverse effects
of them, investigators have developed new materials to take
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(a) (b)

(c) (d)

Figure 4: Morphology observation of the filtering bleb 3 months after surgery. (a) Control group. (b) Group 1. Implant under the conjunctiva
still can be seen. (c) Group 2. (d) Group 3.

Figure 5: Weak fibrous capsule around the biomaterials marked by arrows.

their place. One intravascular stentmaterial, PTLGA terpoly-
mer, which has a good record of safety and histocompatibility
[12], was tested as a biodegradable implant compared toOLO.

Published studies of our department had proved that
there are reasons why trabeculectomy with Ologen has been
a safe and effective procedure in patients with glaucoma
even during a five-year follow-up. First, the structure of
Ologen contained thousands of microscopic pores and can
induce fibroblast growth, leading to a well organized and

healthy healing process. Second,with a thickness of 2mmand
placed directly over the scleral flap and under the subcon-
junctival space, Ologen could provide space with a dynamic
and physiological aqueous reservoir system. Subsequently,
Ologen is biodegraded by the body within 90∼180 days
from its implantation which offered enough time to create a
mature bleb structure [16]. In this study, we tested the PTLGA
terpolymers, which have a similar structure and a similar
degradation time to Ologen and have a thinner thickness
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(a) (b)

(c) (d)

Figure 6: Subconjunctiva hyperblastosis composed of fibroblasts, small vessels, and inflammatory cells had been observed in the control
group; the biomaterials (Ologen) had already degraded. Hematoxylin-Eosin staining, (a) ×25. (b) ×40. (c) ×200. (d) ×400.

P1
P2
P3

OLO

Ex
ist

en
ce

 o
f i

m
pl

an
ts 

(%
)

100

80

60

40

20

0

0 1 2 3 4 5 6 7

Month

Figure 7: The Kaplan-Meier chart of complete resorption time
between the Ologen group and PTLGA terpolymer groups. There
were no significant differences of the curves between those groups
(log rank test, 𝑃 = 0.051).

of 1mm, so, theoretically, these implants can get the similar
outcome as Ologen in improving the surgical success of
trabeculectomy without the adjunctive use of antifibrotic
agents.

In this study, biodegradable implants made of PTLGA
terpolymers were as safe as those made of OLO. Implants of
PTLGA terpolymers were as effective as those made of OLO
in achieving a low target IOP level. It was encouraging to
confirm that P1 and P2 maintained the size of filtering blebs,
even though there might be no strong correlation between
IOP and bleb height [17]. The differences of the physical and
chemical properties between the PTLGA terpolymers were
due to the different percentages of components in the PTLGA
terpolymer.The results of examinations and complications in
the study included that the efficacy and safety of P2 made it
the most suitable implant among the three kinds of PTLGA
terpolymers.

Exposure of the implant was one of the complications we
found. Exposure in the OLO group may have been due to the
thickness of implant. Exposure of implant made from P1 may
be due to the hardness of P1with sharp edges, cusp angles, and
a long biodegradation procedure. There were no significant
differences of complete resorption time between the groups
(we did not take the two rabbits killed before complete
resorption of implants into account as perfect biodegraded);
we presume that differences would be found and the longest
complete resorption timewould be seen in the P1 group, if our
study has a bigger sample and a longer follow-up time. And
we also presume that if the P1 implants were roundish shaped
and with a blunt edge, the exposure of P1 would be avoidable.
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Figure 8: Imaging of OCT examination. (a) Horizontal section of the subconjunctival fluid space. (b) Three-dimensional reconstruction of
the subconjunctival fluid space. (c) Vertical section of the subconjunctival fluid space.

Subconjunctiva hyperblastosis was a unique complication
observed in our study which may be due to the response
of the conjunctiva to the long-term stimulus from the more
acid decomposition product of P3, because P3 has the highest
percentage of GA. Subconjunctiva hyperblastosis has been
observed in both P3 and OLO groups; however, it is arduous
to find such reports in published studies; there may be some
reasons behind this: in the first place, OLO has a fair his-
tocompatibility itself; the low occurrence of subconjunctiva
hyperblastosis could make it difficult to be observed; then,
the subconjunctiva hyperblastosis did not raise the IOP so
obviously or so frequently after the operation; third, there
might be an absorption of it; the hyperblastosis could only
be observed in a short time; the last, it might be hard to
be observed by other testing methods. Although the sub-
conjunctiva hyperblastosis in our research did not cause the
significant difference of success rate between the groups, we
cannot help but conceive the idea that when the subconjunc-
tiva hyperblastosis grows large enough to block the aqueous
humor outflow channel, the surgery might end in failure.
Longer time follow-up observation was needed to confirm
whether there will be a regression or a growth of the sub-
conjunctiva hyperblastosis later, to find what stimulated the
development of subconjunctiva hyperblastosis and what
strategy is needed for avoiding it or controlling it.

There was a good control of IOP after surgery and no
significantly different frequency of complications in all the
4 groups. In particular, complications such as exposure were

not observed for implants made of P2, as supposed, due to
the thin and soft characteristic of it, and there was no sub-
conjunctiva hyperblastosis observed in the P2 group either,
which has a chance to block the aqueous humor outflow of
the artificial channel built in the trabeculectomy and cause
the IOP to rise rapidly. All these results suggested that P2
may be an idealmaterial as a new choice of antifibrotic agents.
Due to the low incidence of complications and small sample
size of our study,more studies are needed to confirm this idea.

OCTmeasurementsweremore reproducible and easier to
perform than those of UBM. Because of its low depth of pen-
etration, although OCT could not be used to assess the route
under the scleral flap in some cases, it is competent enough
to observe the residue of implants under the conjunctiva.
Detailed anatomic assessment of bleb morphology was made
using UBM and OCT. Several investigators have established
that UBM and OCT can be used to identify morphologic
changes in blebs related to wound healing and to identify
parameters for the functional prognosis of the filter blebs [18–
22]. The complementary use of OCT and UBM made them
irreplaceable.

It is widely accepted that OLO keeps an outstanding
postoperative IOP; according to the results of our study, all
the three kinds of PTLGA terpolymers played a similar role
in the control of IOP after antiglaucoma surgical procedure.
Results also implied that there were fewer adverse events in
PTLGA terpolymer groups happening than that in the OLO
group. Since P2 manifested the fewest complications among
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Figure 9: Transmission electron microscope. A weak fibrous capsule formation marked by arrows was observed around all of the 4
biomaterials: (a) control group, ×2500; (b) group 1, ×2500; (c) group 2, ×2500; (d) group 3, ×2500. And small amounts of macrophages
marked by arrows had been observed nearby ((e) ×2500, (f) ×5000).

all the agents, consequently it has been considered as themost
promising adjuvant in trabeculectomy.

Our study had several limitations. Our sample size was
relatively small, and the study reported short-term outcomes.

5. Conclusions

In conclusion, OCT and UBM were useful tools to measure
filtering blebs. Subconjunctival implants made from PTLGA
maypresent a safe and effective additional surgical tool for the
maintenance of filtering blebs in antiglaucoma surgery. Fewer
complications were observed in the group with P2 implants.

Longer-term observations of bigger sample size studies are
needed to fully evaluate this new PTLGA terpolymer.
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