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Purpose: To evaluate the safety and efficacy profile of a sutureless procedure for drainage
valve implantation with combined cataract removal and/or endoscopic cyclophotocoagu-
lation (ECP).

Materials and methods: A retrospective case series study of consecutive surgeries for Ahmed
glaucoma valve (AGV; New World Medical) implantation in a 1-year period was analyzed.
The surgery was performed using a Tisseel fibrin sealant (Baxter Healthcare Corporation) in
place of sutures. Some subsets within the case series also included a cataract extraction with
intraocular lens (CEIOL) insertion and/or ECP (Endo Optiks) within the same procedure. Primary
outcomes for this study including efficacy (IOP change, reduction in medications) and safety
(complications and reoperations) were measured out to 3 years. Comparisons between subsets
were made using ANOVA with post hoc Tukey’s pairwise tests.

Results: One hundred twenty-two eyes of 99 patients underwent sutureless AGV implantation
surgery. Of the 122, 18 had an AGV implantation only, 46 had an AGV + CEIOL, 35 had an
AGYV + ECP, and 23 had an AGV + CEIOL + ECP. In total, there was a significant decrease
in IOP (P<<0.0001) and number of glaucoma medications (P=0.0054) at each postoperative
visit. In a one-way ANOVA, there were no significant differences in mean IOP between the
different subsets of surgeries (P>0.05); 10.7% and 14.8% of eyes required a reoperation either
for a complication or for uncontrolled glaucoma, respectively.

Conclusion: Sutureless valve implantation is associated with a significant reduction in IOP
percentage and medication use after the procedure with a safety profile comparable with other
glaucoma surgeries.
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Introduction

Tube shunt implantation is an effective surgery for IOP reduction in glaucoma patients
who are refractory to medication, laser treatment, or trabeculectomy.' This option
has become increasingly more common in the management of advanced glaucoma
patients.? In patients who have had cataract surgery or a failed trabeculectomy, tube
shunts were shown to have a similar likelihood of maintaining a lower IOP and a
lower rate of postoperative complications compared with trabeculectomy.** The Tube
vs Trabeculectomy (TVT) study demonstrated that overall complication rates were
39% and reoperation rates for those complications were 14% in the tube shunt arm
at 3 years.* Late complications such as tube erosion and obstruction were noted to be
5% and 3%, respectively.**
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Tissue adhesives such as synthetic cyanoacrylate and
biological fibrin sealants have been used in other ophthalmic
surgeries such as pterygium and strabismus surgery to reduce
operating time and suture-related complications.® Fibrin
sealant produces a more smooth closure than cyanoacrylate
with less inflammation and foreign body sensation.® The fibrin
seal is created by a coagulation reaction that occurs between
its precursors, fibrinogen, and thrombin.® Few studies have
reported results on using fibrin sealant in securing the tube
and/or patch graft underneath the conjunctiva in tube shunt
surgery.” ' These authors have had favorable outcomes with
reduced placement of anchoring sutures and a fibrin-assisted
conjunctival closure.”® Reduced suture placement shortens
surgical and healing time as well as decreases inflammation.”
Tube erosion and migration were not observed in these
previous studies.” '

To our knowledge, no study has previously reported on
outcomes of a completely sutureless tube shunt surgery and
patch graft implantation procedure, whereby the tube tip is
placed in the anterior segment. One study analyzed the results
of patients undergoing a fully sutureless glaucoma drainage
valve procedure with tube tip placement in the pars plana in
previously vitrectomized eyes or in eyes undergoing com-
bined pars plana vitrectomy.!! However, their technique did
not utilize a patch graft and required that eyes were vitrec-
tomized. In this investigation, we compared outcomes that
included IOP reduction (efficacy) and complications (safety)
of'anovel surgical technique for glaucoma tube shunt surgery
via sutureless placement of the patch graft, tube plate, and
tube with fibrin sealant closure in patients with and without
combined cataract extraction with intraocular lens (CEIOL)
insertion and/or endoscopic cyclophotocoagulation (ECP).

Materials and methods

This was a retrospective case series study of consecutive
surgeries, completed between June 2014 and June 2015, in
which an Ahmed glaucoma valve (AGV; New World Medical,
Rancho Cucamonga, CA, USA) was implanted using an
entirely sutureless technique. Patients who were refractory
to IOP lowering medications were examined and treated by
a glaucoma fellowship trained ophthalmologist (NMR) at a
private practice in New York City. Surgery was offered to
patients in whom the surgeon and patient felt that the risks of
IOP lowering surgery were less than the risks of continuing
on IOP lowering medications. Informed consent was obtained
for each patient prior to proceeding with surgery. All surgical
cases that included AGV implantation were considered
for inclusion in this study. Some surgeries also included

combined CEIOL insertion and/or ECP (Endo Optiks, Little
Silver, NJ, USA) if determined to be appropriate by the
surgeon. Each patient was followed postoperatively at 1 day,
1 week, 1 month, 3 months, 6 months, and then annually.
New York University Langone Medical Center Institutional
Review Board exemption for a retrospective study of glau-
coma surgical outcomes was obtained, and this study was
performed in adherence with the Declaration of Helsinki.

All cases underwent standard patient preparation. Patients
underwent monitored anesthesia care and a retrobulbar block
in the surgical eye. After the predetermined (usually super-
otemporal) quadrant was inspected for healthy conjunctiva,
a conjunctival limbal-based peritomy was performed ~5 mm
posterior to the limbus, with a limited dissection to allow a
slightly undersized sub-Tenon’s pocket to capture the plate
(Video 1). After priming, the glaucoma implant was placed
into the posterior pocket of the peritomy >8 mm posterior to
the limbus. The plate was tugged to ensure that it would not
come forward. A 5-mm tunnel was constructed, which pro-
vided additional resistance to help hold the tube in place. The
glaucoma implant tube tip was then placed into the opening
with smooth forceps. A pericardial patch graft of appropriate
thickness and size was placed over the tube, and Tisseel fibrin
sealant (Baxter Healthcare Corporation, Deerfield, IL, USA)
was applied over the conjunctival incision and closed using
toothed forceps. Subconjunctival steroid and antibiotic were
administered in the area surrounding the surgical site.

In patients who had combined CEIOL insertion, standard
cataract extraction with temporal clear corneal incision and
phacoemulsification was performed prior to conjunctival
dissection and insertion of the AGV. After the CEIOL
portion of the surgery, viscoelastic was used to inflate the
ciliary sulcus if the AGV tube was chosen to be inserted in
the sulcus space. If patients had combined ECP, then ECP
was performed following AGV insertion with a setting of
0.2-0.3 Watts per application directed at the ciliary processes
for 180-360 degrees. In such cases, the use of the endoscope
also provided confirmation of correct placement of the AGV
tube in the ciliary sulcus.

Data collection including patient demographics, operative
complications and findings, and postoperative measurements
were recorded by chart review. Prior to surgery, each patient
underwent a comprehensive glaucoma evaluation. Baseline
IOP measurements by Goldmann applanation tonometry and
preoperative number of glaucoma medications were recorded
based on the average from each patient’s last three visits prior to
AGYV implantation surgery. Specific glaucoma diagnosis was
determined by clinical assessment and ICD documentation.
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Each operative note was reviewed and included the location
of the tube shunt implant, intraocular location of tube tip
placement, as well as any intraoperative complications. All
patients were followed up postoperatively to monitor for [OP
changes, number of medications, and any adverse events.

Primary outcomes for this study including efficacy (IOP
change, number of medications) and safety (complications
and reoperations) were measured out to 3 years. Patients who
had a reoperation due to complications were excluded from
further efficacy and safety analysis after the reoperation.
Patients who had a reoperation for uncontrolled glaucoma
were excluded from further analysis of IOP change, num-
ber of medications, and reoperation rate for uncontrolled
glaucoma after the time point of reoperation. However,
safety monitoring was continued on those patients for the
duration of the study. Any procedures performed after AGV
implantation where a patient went back to the operating
room or underwent transscleral cyclophotocoagulation in
the clinic were considered reoperation. Other interventions
in the office such as selective laser trabeculoplasty, wound
burping, or anterior chamber reformation were not counted as
a reoperation. In a subgroup analysis, patients were divided
into groups based on whether an AGV was placed with or
without a combined CEIOL insertion and/or ECP. Baseline
characteristics and postoperative outcomes were compared
using paired #-tests with a 0.05 level of significance. Com-
parisons between subgroups were made using ANOVA
and post hoc Tukey’s pairwise tests. All statistical analy-
ses were conducted with Stata 14 (StataCorp LP, College
Station, TX, USA).

Results
A total of 122 eyes from 99 participants were included in
this study with a mean age of 68.3+£10.0 years. Patient demo-
graphics and study characteristics are presented in Table 1.
Ofthe 122, 18 had AGV implantation (A group) only, 46 had
AGYV implantation with CEIOL insertion (CA group), 35 had
AGYV implantation with ECP (AE group), and 23 had AGV
implantation with CEIOL insertion and ECP (ACE group).
Mean follow-up time was 25.8+14.7 months from surgery.
Overall, the mean baseline IOP for all participants
was 26.319.7 mmHg and initial number of glaucoma
drops was 3.111.4. Following implantation of the tube
shunt, mean postoperative IOP (mean percent IOP
reduction) at 1 day was 13.8+11.7 mmHg (44.6%246.8%),
12.747.3 mmHg (47.1%%33.3%) at 1 week, 16.9+6.1 mmHg
(29.4%%129.0%) at 1 month, 16.1+4.8 mmHg (29.4%125.3%)
at 3 months, 16.0+4.6 mmHg (27.7%*25.2%) at 6 months,

Table | Clinical characteristics of all study eyes

Variable (N=122) Mean = SD
Age (years) 68.3£10.0
Gender (% female) 59/48.4
Glaucoma diagnosis
POAG 86/70.5%
NVG 14/11.5%
CACG 11/9.0%
MMG 4/3.3%
Uveitic glaucoma 3/2.5%
Aphakic glaucoma 2/1.6%
Normal tension glaucoma 1/0.8%
Angle recession glaucoma 1/0.8%
Prior surgeries
Cataract extraction 35/28.7%
Trabeculectomy 10/8.2%
Cyclophotocoagulation 3/2.5%
Penetrating keratoplasty 2/1.6%
Tube shunt implantation 1/0.8%
Tube location
Anterior chamber 98/80.3%
Sulcus 24/19.7%
Baseline IOP (mmHg)
A (n=18) 30.3£11.9
CA (n=46) 23.549.4
AE (n=35) 27.3+7.0
ACE (n=23) 27.2£10.8
Total (n=122) 26.319.7
Baseline number of medications
A (n=18) 3.5£1.5
CA (n=45) 2.8+1.3
AE (n=35) 3.0£1.6
ACE (n=23) 3.3+1.0
Total (n=121) 3.1£1.4
Mean follow-up (months) 25.8+14.7

Abbreviations: A, Ahmed valve group; ACE, Ahmed valve + cataract extraction +
endoscopic cyclophotocoagulation group; AE, Ahmed valve + endoscopic
cyclophotocoagulation group; CA, Ahmed valve + cataract extraction group;
CACG, chronic angle closure glaucoma; MMG, mixed mechanism glaucoma; NVG,
neovascular glaucoma; POAG, primary open angle glaucoma.

15.3+5.3 mmHg (31.5%=%33.4%) at | year, 15.144.0 mmHg
(32.6%%25.4%) at 1.5 years, 14.4+3.3 mmHg (35.4%120.5%)
at 2 years, 14.844.3 mmHg (32.8%%23.9%) at 2.5 years, and
15.845.5 mmHg (28.2%+27.4%) at 3 years. Table 2 sum-
marizes the mean postoperative IOP values for each visit
(P<<0.0001). A decrease in number of glaucoma medications
at each postoperative visit was also statistically significant
compared with baseline (P=0.0054; Table 3). By 2 and
3 years, the mean number of drops was 2.0£1.2 and 2.2+1.3,
respectively (P<<0.0001 and P=0.0021).

A subgroup analysis comparing each surgery type was
included in order to determine if there were any differences
in mean IOP or number of glaucoma medications. In the
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Table 4 Interventions or reoperations following initial surgery for uncontrolled glaucoma

0-12 months 13-24 months 25-36 months
Wound burping for high IOP* 2 - -
SLT® - 2 -
Transscleral cyclophotocoagulation 4 5 2

Cataract extraction with ECP

Revision of AGV for bleb needling and ECP

Trab360 trabeculotomy with other procedure®

Revision of first AGV for bleb needling and insertion of second AGV

Insertion of a second AGV

Insertion of a BVT

Insertion of a Xen gel stent

Total number of reoperations due to uncontrolled glaucoma (%)*

18 (14.8%)

Notes: *Office-based interventions except for transscleral cyclophotocoagulation were not included in the overall reoperation rate for uncontrolled glaucoma. *Intervention
was included in the calculation of reoperations for both uncontrolled glaucoma and complications.
Abbreviations: AC, anterior chamber; AGY, Ahmed glaucoma valve; BVT, Baerveldt tube shunt; ECP, endoscopic cyclophotocoagulation; SLT, selective laser

trabeculoplasty.

3 months postoperatively in patients without a prior history
of endothelial disease, but four of those cases resolved over
time. One of the cases of corneal edema was in a patient with
concomitant tube erosion and shallow anterior chamber, but
the corneal edema and shallow anterior chamber resolved
after reoperation for tube erosion at 4 months without the
need for corneal surgery.

Thirteen eyes (10.7%) returned to the operating room
within the first 3 years due to a complication (Table 6). Most
reoperations for complications occurred within the first year.

Two out of the 13 patients had a reoperation for conjunctival
erosion: one was within the first year and the other was within
3 years. Two patients had a revision due to anterior migration
of the tube (one at 5 months and the other at 11 months).
One other patient developed a tube extrusion, requiring
reoperation at 9 months. Two patients had a combination case
of prophylactic tube trimming with another procedure due
to the appearance of a long tube in the anterior segment. Of
those two, one patient was already planned for a pars plana
vitrectomy due to severe proliferative diabetic retinopathy,

Table 5 Postoperative complications after initial surgery categorized by time of occurrence

0-12 months

13-24 months 25-36 months

Shallow anterior chamber 10

Persistent corneal edema 5

Hyphema 22

Posterior capsular opacification

9
Choroidal effusion 3
3

Macular edema

Conjunctival erosion |

Tube migration 2

Tube extrusion |

Long tube

2
Tube occlusion 3
5

Recurrent iritis

Dyesthesia |

Vitreous hemorrhage -

Suprachoroidal hemorrhage -

Retinal detachment -

Endophthalmitis -

Malignant glaucoma -
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Table 6 Interventions or reoperations following initial surgery due to a complication

0-12 months 13-24 months 25-36 months
Needle sweep for iris obstruction® | - -
AC reformation with Healon® 2 - -
Revision for conjunctival erosion | - |
Tube trimming for anterior migration 2 - -
Prophylactic tube trimming with other procedure® 2 - -

Revision for extrusion

Revision for iris obstruction

Revision for heme in tube

Revision for synechiae after uveitis

AC washout for hyphema

AGYV removed for dysesthesia

DSEK for corneal decompensation

Total number of reoperations due to complication (%)*

13 (10.7%)

Notes: *Office-based interventions were not included in the overall reoperation rate for complications. *Intervention was included in the calculation of reoperations for

both uncontrolled glaucoma and complications.

Abbreviations: AC, anterior chamber; AGV, Ahmed glaucoma valve; DSEK, Descemet’s stripping endothelial keratoplasty.

and it was decided at that time that a combined tube trim-
ming would be performed at 9 months, while the other had
a combined tube trimming with Trab360 trabeculotomy at
1 month, as mentioned above. Another patient had a history
of penetrating keratoplasty and corneal edema prior to initial
AGYV implantation with ECP, and later required a Descemet’s
stripping endothelial keratoplasty at 2 months out. There were
no cases of diplopia or reoperation for strabismus.

Discussion

Sutureless placement of an AGV with fibrin sealant closure
is associated with comparable outcomes vs the traditional
technique for tube shunt placement. In this novel technique,
the valve plate, tube, and patch graft are surgically secured
into the eye through a careful, modified wound construction
and sealant-based conjunctival wound closure without the
use of anchoring or closing sutures. In this study popula-
tion, there was a significant decrease in IOP and glaucoma
medications used in the overall study at each postoperative
visit compared with baseline. This group had a high mean
baseline IOP that was refractory to glaucoma medications
prior to surgery (Table 1). Furthermore, the subgroup analysis
showed that sutureless placement of the tube shunt with or
without combination CEIOL insertion and/or ECP had no
significant differences in IOP at each visit. However, patients
who had tube shunt surgery with CEIOL insertion tended to
require less medications than another subgroup at half of the
measured time points (Table 3). Performance of a sutureless
technique reduces the overall number of steps in tube shunt
implantation and is a safe procedure with complication rates

similar to previous multicenter studies that have investigated
the long-term outcomes of tube shunt implantation.*!>!3

Cumulatively through 3 years, reoperation was needed
in 10.7% of eyes due to complications and in 14.8% of eyes
due to uncontrolled glaucoma. In the Ahmed Baerveldt
Comparison (ABC) study, the reoperation rate at 3 years
was 11.0% for complications and 14.5% for worsening glau-
coma in patients who had an AGV surgery.'? In the Ahmed
vs Baerveldt (AVB) study, 11.3% of patients required an
additional glaucoma surgery after initial AGV surgery."
In our series, 11 of the 18 patients who had reoperations
for uncontrolled glaucoma received micropulse transscleral
cyclophotocoagulation, which is considered less invasive
than intraocular surgery. Also, our cumulative complication
rates at 3 years was 42.6% of total eyes, which is similar
to other studies.'>"* The ABC study states that 44.7% of
patients who had AGV surgery developed a late complica-
tion between 3 months and 3 years, while the AVB study
reports a complication rate of 51.6% within 3 years. In our
study, most complications resolved with observation, medical
management, or office-based procedures.

The use of fibrin sealants in surgical conjunctival closure
has been performed successfully in other procedures like
pterygium surgery for over a decade.'*!* Kahook and Noecker
found that IOP reduction and number of drops were similar
postoperatively in patients who had suture-based closure vs
Tisseel sealant closure of a BVT implant with a sutured-in
plate and patch graft.” They also reported that surgical times
and level of conjunctival inflammation were statistically
lower in the fibrin-sealed group. Although that was not a
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measured outcome in our study, we observed that surgery
time, healing time, postoperative patient discomfort, and
inflammation were decreased in completely sutureless AGV
implantation. Additionally, sutures can be a site of irritation
for the patient and are possible sites for infection and tube
erosion.”!'®!” Fibrosis from sutures may additionally lead
to inflammation and scarring in the subconjunctival space.
In one study involving AGV surgeries with reduced anchor-
ing sutures and fibrin-sealed wound closure, there were no
cases of tube erosion or conjunctival exposure at 2 years.®
In our study, there were two cases (1.6%) of conjunctival
erosion at 3 years. There were five cases (4.7%) of erosion in
the TVT study and two cases (1.5%) of erosion in the ABC
study at 3 years, as well as four cases (3.2%) of erosion in the
AVB study at 1 year. In order to ensure that the conjunctiva
is sealed at the end of our cases, subconjunctival steroid and
antibiotic are injected near the region of the tube shunt with an
appreciable bleb rise without leak from the closed wound.
To our knowledge, all previous studies that have investi-
gated reduced suture placement and/or fibrin sealant closure
have had no cases of tube or plate mobilization.”'® One study
investigated outcomes for cyanoacrylate-sealed AGVs without
any sutures or patch graft and with tube insertion into the
pars plana in previously vitrectomized patients or in patients
with combined pars plana vitrectomy.'' Although there were
only 17 eyes in that study, there were no reported cases of
plate migration. In a case series that identified three patients
with AGVs implanted under traditional suturing technique,
the authors noted dynamic movement of the tube associated
with eye movements, initially observed between 6 months and
7 years after surgery.'® They hypothesized that dynamic move-
ment of the plate could potentially occur due to separation of
the plate from the sclera because of suture loosening or from
fibrosis after other surgeries. In our study, there were two cases
of tube trimming for anterior migration (1.6%) and one case of
tube extrusion that required revision (0.8%) in the first 3 years.
In two other cases, prophylactic tube trimming was performed
in combination with another procedure due to the appearance
of a long tube in the anterior segment (1.6%), though plate
migration was not observed. Of these five patients, there was
no apparent association with having undergone a combination
procedure as two cases were from the A subgroup, two cases
were from the CA subgroup, and one case was from the ACE
subgroup. None of these patients had a history of uveitis or
prolonged postoperative inflammation. While tube migration
was not mentioned as a complication in the ABC study, the
authors reported reoperations in their AGV arm involving
tube repositioning (n=1, 0.9%), tube extension (n=2, 1.8%),

and explantation for extrusion (n=1, 0.9%) at 3 years.!' We
believe that, in our technique, the placement of the AGV plate
posterior to the equator allows for the orbit’s normal anatomy
to prevent the anterior migration of the plate. Additionally,
because the tube shunt is not sewn in, we believe that the plate
will rest in a position with least force against the extraocular
muscles and thus should have less effect on diplopia. No cases
in this study had any reported diplopia. In the ABC study,
6.3% and 11.9% of patients with AGVs developed diplopia
at 1 year and 3 years, respectively.'>!

Although this study was designed to evaluate the safety
and efficacy of sutureless AGV implantation, a subgroup
analysis of different combinations of AGV surgery with
CEIOL insertion and/or ECP was undertaken to identify
whether significant differences in IOP and number of medica-
tions existed inside the overall group. Although postoperative
IOP was not significantly different, the CA subgroup tended
to require less medications than the other three subgroups at
various time points, including the ACE subgroup at 1 month
and 3 years. Although it was not statistically different, base-
line IOP and number of medications were slightly lower in
patients who underwent AGV + CEIOL surgery, which may
account for differences in treatment response in the postop-
erative subgroup analysis. Retrospective studies have found
that AGV + CEIOL surgery reduces IOP and number of
medications after surgery.?*! To our knowledge, there have
been no comparative studies between AGV surgery alone vs
combined AGV + CEIOL insertion. A recent prospective
study has compared BVT surgery alone with BVT + CEIOL
insertion and found that patients who underwent BVT +
CEIOL insertion tended to have higher postoperative IOP.?
No prior studies in the literature have investigated outcomes
of combined AGV + ECP or combined AGV + CEIOL + ECP
surgery. Further larger studies involving combined proce-
dures with AGV implantation vs AGV implantation alone
will be needed to compare their IOP lowering effect.

The present study is not without limitations. The retro-
spective nature of this study implies that the associations
found herein do not mean causation. While the authors
suspect that patient comfort and wound healing were better,
this would require a prospective study with specific endpoints
and a control to measure this outcome. Also, given the
retrospective nature, data were collected by chart review for
each patient visit, and therefore reported information did not
follow a standardized study intake. Future studies may ben-
efit from more quantitative analyses to investigate whether
there is any tube shunt migration using anterior segment
optical coherence tomography of the tube position or angle.
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This study population included consecutive surgical patients
from a busy urban private practice who were referred to a
glaucoma specialist because medical therapy already failed.
Therefore, this study may have generalizability to advanced
glaucoma patients in a community or urban setting. All glau-
coma tube shunts in this study were AGVs, and therefore,
our observations may not apply to other glaucoma drainage
devices due to their different designs. AGVs, unlike BVTs,
do not have wings that are placed under the extraocular
muscles, which may mean lower risk of migration in BVTs.
Since this was a case series study, a case—control comparison
could not be made directly between sutureless and traditional
suturing methods. However, the IOP reduction, number of
medications, and complications were similar among this
population vs other multicenter studies that have previously
investigated efficacy and safety of tube shunt implantation.

Conclusion

In this study, an entirely sutureless glaucoma tube shunt
implantation technique with fibrin sealant closure had statisti-
cally significant reduction in IOP and glaucoma medications
out to 3 years. Postoperative complications and number of reop-
erations due to uncontrolled IOP or complications including
erosion and tube positioning were similar to those reported in
previous multicenter studies that investigated glaucoma drain-
age devices. There is the need for further investigations into
the long-term complications of sutureless glaucoma tube shunt
surgery since complications such as erosion and migration can
be late-onset. Also, in this study, we report a subgroup analysis
on outcomes for sutureless tube shunt surgery combined with
either CEIOL insertion and/or ECP, in which there were no
statistical differences in IOP reduction between groups. Thus,
sutureless glaucoma tube shunt surgeries could represent a
potential evolution in the refinement of this surgical method.
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