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Purpose: To evaluate the efficacy and safety of Ahmed glaucoma valve (AGV) implantation with subsequent trans-scleral diode
cyclophotocoagulation (CPC) as the main intervention if IOP remained medically uncontrolled.

Patients and Methods: Charts of 108 consecutive eyes (90 patients) that underwent AGV implantation from 2003 to 2018 at
a single clinical practice were retrospectively reviewed. The procedure was considered a failure if any of the following occurred:
additional incisional glaucoma surgery, IOP >21 mmHg or < 20% reduction from baseline on 2 consecutive study visits after 3 months,
IOP < 5 mmHg on 2 consecutive study visits after 3 months, loss of light perception, or AGV removal.

Results: The mean follow-up time was 5.4 + 3.1 years. Diode CPC was performed in 32%. The mean IOP was 24.8 + 8.2 mmHg
before intervention, and 12.5 + 5.6 mmHg at last follow-up (p<0.0001). The mean logMAR VA decreased by 0.24 (p=0.002). The
success rate was 68%. The reasons for failure were additional incisional glaucoma surgery in 7%, AGV removal in 4%, loss of light
perception in 4%, inadequate IOP reduction in 13%, and IOP <5 mm HG in 6%. The probability of survival by Kaplan Meier analysis
was 88%, 76% and 69% at 1, 3, and 5 years after the procedure, respectively. Complications of AGV and CPC were comparable to
those previously reported in the literature.

Conclusion: The treatment approach of AGV implantation with subsequent trans-scleral diode CPC, as needed, was successful in
over 2/3rd of subjects. This study adds to the literature supporting the use of CPC when IOP is medically uncontrolled after AGV.
Keywords: surgery, laser, valved glaucoma implant, cyclodestruction

Introduction

Glaucoma drainage devices are an important option for intraocular pressure (IOP) management when other therapies
have failed. However, even after placement of these devices, the IOP may not be well controlled. In the pooled data
analysis of the Ahmed Baerveldt Comparison (ABC) and the Ahmed Versus Baerveldt (AVB) studies, the cumulative
failure rate at 5 years was 49% in the Ahmed group and 37% in the Baerveldt group, and high IOP was the most common
reason for failure in both groups.' Most patients continue to require medical therapy after glaucoma drainage device
(GDD) placement and for those who need further intervention, the commonly used options are cyclophotocoagulation
(CPC) or a second GDD.

In patients with glaucoma who have already been treated with non-incisional measures, and who are not candidates
for minimally invasive glaucoma surgery (MIGS) or have already undergone MIGS, it has been our preference to
perform the Ahmed Glaucoma Valve (AGV) implant and then treat with trans-scleral diode CPC if IOP remains
uncontrolled despite restarting medical therapy. Although a GDD is considered to have “failed” if any type of additional
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IOP lowering intervention is required, we propose that a diode CPC in this setting merits a different consideration than
incisional surgery. Diode CPC is a non-incisional procedure with inherently lower risk than an incisional procedure.
Also, when diode CPC is performed for additional IOP control after GDD placement, the extent of treatment required is
typically lower than if diode CPC were the primary IOP lowering treatment.> * Thus side effects can be minimized while
maintaining efficacy. Furthermore, use of the “slow-coagulation” technique of CPC is associated with less inflammation
when compared to the traditional CPC settings.’

We know that glaucoma is a chronically progressive disease and the currently available treatment modalities are all
frequently associated with a gradual loss of IOP control over time. Since patients with glaucoma are living longer, we
need ways to extend the duration of IOP control so that functional vision can be maintained lifelong. In our opinion, the
treatment approach of AGV implant supplemented by slow-coagulation diode CPC, when needed, takes advantage of the
favorable safety profiles of both procedures while maximizing IOP lowering efficacy.

To the best of our knowledge there is no previous data published on this treatment strategy since the studies on
aqueous drainage devices consider CPC as a criterion for failure and censor these patients from further IOP analysis. This
prevailing perspective of analyzing GDDs as a “one and done” procedure where any additional intervention is deemed
a failure, is restrictive and rather unrealistic. It is more practical to anticipate the need for additional treatment and
consider how to achieve long term IOP control after a GDD while minimizing complications.

The treatment strategy described in this study also differs from published studies regarding CPC for medically
uncontrolled IOP following an aqueous drainage device. The latter include only that subset of patients who required
additional intervention after a GDD and do not reflect the entire group that received the drainage device. Thus, there is
a lack of practically useful data on the longer-term course after drainage device placement, especially in those patients
who require further intervention. In this study, our aim is to address this gap and present our experience with AGV
implantation and subsequent diode CPC as the main intervention if IOP remained medically uncontrolled.

Materials and Methods

Patients

This was a single center retrospective study of consecutive patients who underwent AGV implantation during a 15-year
period from 2003 to 2018. The study was approved by an independent institutional review board (Advarra) and complied
with the tenets of the Declaration of Helsinki. Since the study was retrospective in nature, the subjects whose charts were
reviewed were not available to provide informed consent, and therefore a waiver of informed consent was approved by
the institutional review board. Patient data confidentiality was maintained by following the standards for handling
protected health information.

Patient charts were reviewed and the following baseline parameters were collected: age, gender, race, glaucoma type,
lens status, previous glaucoma procedures, vertical cup to disc ratio (VCDR), Humphrey visual field mean deviation
(HVF MD), and central corneal thickness (CCT). Visual acuity, IOP, and number of glaucoma medications were recorded
at baseline and at each of the following post-operative timepoints — 1 day, 1 week, 1 month, 3 months, 6 months, 12
months, and yearly thereafter until the last follow-up visit. Surgery details that were recorded included surgeon, location
of AGV plate and tube, type of patch graft, and complications.

Surgical Technique

All cases were performed by one of 3 glaucoma fellowship-trained surgeons and the AGV model used most often was the
FP7. A few eyes were implanted with the FP8 and S2 models. A fornix-based conjunctival flap was dissected in the
superotemporal quadrant; if there was extensive scarring superotemporally, then the inferonasal quadrant was used. The
implant was primed with balanced salt solution, placed in the subTenon space, and the anterior edge was sutured to the
sclera 89 mm posterior to the limbus using two 8-0 nylon sutures. The tube tip was then trimmed bevel up to extend
about 2 mm if placed in the AC and 3.5 to 4 mm if placed into the anterior vitreous cavity. For insertion into the AC, a 22
G needle was used to create a tract starting 2—3 mm posterior to the limbus. For insertion via the pars plana, if there was
concurrent vitrectomy, then the superotemporal (or inferonasal) vitrectomy port was used as the tube entry site and if the
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eye had been already vitrectomized in a separate prior surgery, then a 22 G needle was used to create a tract into the
anterior vitreous cavity starting 3.5 mm posterior to the limbus. In cases with concurrent vitrectomy, the AGV plate was
first sutured to the sclera. The retina specialist then placed three 25G vitrectomy ports and the port in the implant
quadrant was inserted without tunneling. After the vitrectomy and any concurrent retinal procedure was completed, the
vitreous base in the AGV quadrant was carefully inspected and further shaved if necessary. The port in this quadrant was
then removed and the trimmed tube was inserted through the scleral opening into the anterior vitreous. After tube
insertion, a patch graft was placed over the tube’s entry site and sutured to the sclera with 80 vicryl sutures.
Commercially available preserved pericardium was the most commonly used graft; the other materials used were
preserved sclera or preserved split thickness cornea. A few cases were performed using a scleral tunneling technique
without the use of a patch graft. In most cases, the tube was not separately anchored to sclera. The conjunctiva was then
closed using 80 vicryl sutures. Post-operatively, steroid (prednisolone acetate or difluprednate) and moxifloxacin drops
were initiated at 3—4 times a day. Antibiotic drops were used for 2 weeks and steroid was tapered over 4—6 weeks based
on the surgeon’s discretion. Pre-operative IOP lowering medications were restarted if IOP was not well controlled. At
around 2011 or so, the authors’ modified this part of the post-operative management and began to routinely restart
aqueous suppressants when IOP was over 10 mm Hg. Other pre-operative IOP lowering medications were also resumed
if IOP was not well controlled. If IOP remained uncontrolled despite restarting medical therapy, then additional
intervention with trans-scleral diode CPC was performed in all cases except those where CPC was contraindicated, or
a different IOP lowering procedure was deemed more appropriate by the treating surgeon. Diode CPC was performed
using the Iridex G-Probe with power of 1.25 to 2 W and duration of 2 to 4 seconds. The number of laser applications was
usually 15 or less. Post-operatively prednisolone eyedrops were initiated at 4 times a day and then tapered over 2—4 weeks
based on the degree of inflammation. If further IOP lowering intervention was required after one diode CPC, the decision
to perform additional CPC versus another IOP lowering intervention was based on the treating surgeon’s discretion.

Data Analysis
The AGV implant was considered a failure if any of the following occurred: additional IOP lowering incisional surgery
(trans-scleral CPC was allowed since the goal of the study was to evaluate outcomes of AGV with subsequent CPC, as
needed), IOP >21 mmHg or less than 20% reduction from baseline on 2 consecutive study visits after 3 months, IOP <
5 mmHg on 2 consecutive study visits after 3 months, loss of light perception, or removal of the implant for any reason.

The time to failure was defined as the time from AGV implantation to additional IOP lowering incisional surgery, loss
of acuity to NLP, removal of the AGV implant, or the first of 2 consecutive study visits after 3 months in which the
patient had persistent hypotony (IOP <5 mmHg) or inadequately controlled IOP (IOP >21 mmHg or not reduced by
20%). Data on IOP and numbers of glaucoma medications were censored once a patient had additional IOP lowering
incisional surgery, AGV implant removal, or loss of light perception, but not after trans-scleral CPC, surgical intervention
for a complication, or failure due to high IOP or hypotony. Last follow-up was defined as the date of last available
follow-up or the last follow-up until failure due to additional IOP lowering incisional surgery, loss of acuity to NLP, or
AGYV implant removal.

Statistical analysis was performed using SAS® v9.4. A p-value of less than 0.05 was considered significant. Due to
a minority of patients who contributed two eyes to the analyses, all eyes were considered and analyzed as independent
observations. Continuous parameters were compared using a f-test and the Chi-squared test was used for categorical
parameters. Cox proportional hazards model was used to evaluate factors associated with survival time of AGV implant.
The variables included in the analysis were age, gender, race, type of glaucoma, VCDR, HVF MD, lens status, CCT,
baseline IOP, number of IOP lowering medications, use of oral IOP lowering agents, baseline VA, prior glaucoma
surgery, prior CPC, surgeon, tube tip location, primary AGV (versus AGV after prior glaucoma surgery), and duration
between surgery and post-operative IOP elevation above 10mm Hg.

Results
A total of 108 eyes of 90 patients were enrolled in the study. Table 1 shows their baseline characteristics. The mean age
was 66 years, 52% of patients were male, and 57% were Caucasian. The most common type of glaucoma was POAG
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(48%, 52/108), and 64% (69/108) were pseudophakic. Forty four percent (47/108) had undergone prior incisional
glaucoma surgery and the mean number of incisional procedures prior to AGV implantation was 1.7 = 0.9 (range 1
to 4). Eleven percent (12/108) had undergone prior trans-scleral CPC, including micropulse CPC (10/12) and diode CPC
(2/12). Humphrey visual field data were available for 102 eyes (94% of the total sample). The mean defect was —12.60 +
7.82 dB (range —0.78 to —32.62 dB); 22% (22/102) had a mild defect (—6.00 dB or better), 32% (32/102) had a moderate
defect (—6.01 dB to —12.00 dB), and 48% (48/102) had a severe defect (worse than —12.00 dB). The mean VCDR was
0.8 = 0.2. The tube tip was placed in the anterior chamber in 81% (87/108), the pars plana in 19% (20/108), and the

Table | Baseline Characteristics

No. eyes (No. patients) 108 (90)
Age (mean * SD) 66 * |4 years
Male gender [n (%)] 49 (54)
Race [n (%)]
Caucasian 49 (54)
Asian 24 (27)
Hispanic 8(9)
African American 7 (8)
Other 2.(1)
Type of glaucoma [n (%)]
Primary Open Angle Glaucoma 52 (48)
Mixed mechanism glaucoma 21 (19)
Exfoliation Glaucoma 12 (1)
Primary Angle Closure Glaucoma 6 (6)
Uveitic Glaucoma 5(5)
Neovascular Glaucoma 4 (4)
Steroid-induced glaucoma 303)
Pigmentary Glaucoma 3(3)
Other (ICE syndrome, Traumatic glaucoma) 2(2)
Lens Status [n (%)]
Phakic 39 (36)
Pseudophakic 67 (62)
Aphakic 2(2)
HVF data available [n (%)] 102 (94)
HVF MD (mean * SD) —12.60 + 7.82 dB
Mild defect, MD -6dB or better [n (%)] 22 (22)
Moderate defect, MD -6.01 to -12dB [n (%)] 32 (32)
Severe defect (MD worse than —12dB) [n (%)] 48 (48)
Previous incisional glaucoma surgery [n (%)] 47 (44)
Trabeculectomy or EXPRESS shunt (I or more) 19 (18)
Bleb needling (I or more) 15 (14)
iStent 7(7)
Trabeculodialysis 4 (4)
No. of prior glaucoma surgeries (mean * SD, range) 1.7 £ 0.9 (I to 4)
Previous cyclophotocoagulation [n (%)] 12 (1)
Micropulse cyclophotocoagulation 10 (9)
Diode cyclophotocoagulation 2(2)
Vertical cup to disc ratio (mean * SD) 08 +0.2
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sulcus in 1% (1/108). Of the 20 eyes that had pars plana placement of the tube, 65% (13/20) had pars plana vitrectomy
concurrent to AGV placement. The patch graft material used was pericardium in 78% (84/108), cornea in 13% (14/108),
sclera in 8% (9/108), and dura substitute in 1% (1/108).

Trans-scleral CPC was performed in 32% (35/108 eyes) and included diode CPC in 94% (33/35 eyes) and micropulse
CPC in 6% (2/35 eyes). Among the 35 eyes that underwent trans-scleral CPC, 66% (23/35 eyes) had 1 CPC, 17% (6/35
eyes) had 2 CPCs, and the remaining (17%, 6/35 eyes) had 3 to 6 CPCs. The average number of spots for the first diode
CPC was 13 + 2 (range 9-18, median 14). The average number of spots for the second diode CPC was 13 £ 3 (range
10-18, median 12). The mean interval between AGV and first CPC was 24.4 + 29.2 months (range 1 month to 9.3 years).

The mean follow-up time was 5.4 + 3.1 years, with a range of 5 months to 18.75 years. Post-operative data were available
for 99%, 92%, 88%, 78%, 65%, and 35% of eyes at 1 day, 6 months, 1 year, 2 years, 4 years, and 6 years, respectively.

Intraocular Pressure and Efficacy Outcomes

Mean IOP decreased from 24.8 + 8.2 mmHg pre-operatively to 12.5 + 5.6mm Hg at last follow-up, a 46% reduction (p <
0.0001). [Figure 1 and Table 2]. There was also a decrease in the average number of medications from 3.5 + 1.1, before
intervention, to 2.1 = 1.4 at last follow-up.

The AGV implant with subsequent CPC, as needed, was successful in 68% (73/108 eyes). The probability of survival
by Kaplan Meier analysis was 88%, 80%, 76% and 69% at 1, 2, 3, and 5 years after the procedure, respectively
(Figure 2). The reasons for failure (Table 3) were additional incisional glaucoma surgery in 7% (7/108 eyes), AGV
removal in 4% (4/108 eyes), loss of light perception in 4% (4/108 eyes), inadequate IOP lowering in 13% (14/108 eyes)
and IOP < 5 mm HG in 6% (6/108 eyes). The additional incisional surgeries included Kahook dual blade goniotomy
(combined with cataract surgery) in 3 eyes, second AGV in 2 eyes, AGV replacement with supraTenon Baerveldt implant
in 1 eye, and endocyclophotocoagulation in 1 eye. Among the 7 eyes that had further incisional surgery after AGV, CPC
was not considered appropriate in 5 eyes due to active uveitis, or the surgeon’s judgement that a different procedure was
more appropriate; the remaining 2 eyes underwent 2 diode CPCs but IOP remained uncontrolled and therefore further
incisional surgery was performed. Of those who failed due to the inadequate IOP lowering criterion, 64% (9/14) did not
have any further intervention, and 36% (5/14) underwent diode CPC. Of the 6 eyes that failed due to IOP being 5 mm
HG or lower, three underwent surgical revision, 1 eye had low IOP due to traumatic retinal detachment, and 2 eyes of the
same patient had numerical hypotony which did not affect vision or require treatment. If CPC was included as a criterion
for failure, then the probability of survival of the AGV implant was 72%, 62%, 57% and 47% at 1, 2, 3, and 5 years after

2478
L 3

a
7]
E o _|
(=) N
I
£
E
o
v |
9: - ‘& 1344 1271
g | A T . 1247 e 187 11.88 12.08 2
= I S (— _— 1% ~_|10s5
2 4 g |
s
o
o 4
Pre-op 1D 10D 1™ 3M 6M oM 1Y 1.5Y 2y 3Y 4y 5Y 8Y 7Y 8Y 9Y 10Y
(1=108) (n=107) (n=105) (n=107) (n=104) (n=100) (n=97) (n=96) (n=90) (n=85) (n=82) (n=71) (n=52) (n=38) (n=29) (n=26) (n=13)  (n=7)

Follow-up time

Figure | Intraocular pressure (IOP) after Ahmed Glaucoma Valve (AGV).
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Table 2 IOP & Medications Before and After Ahmed Glaucoma
Valve Supplemented with Diode Cyclophotocoagulation

Pre-op Final Follow-up | p-value

IOP (mmHg) 248 + 82 125 + 5.6 < 0.0001

No. of Medications | 3.5 + I.1 21 14 < 0.0001

the procedure, respectively (Figure 3). Kaplan Meier analysis was also performed for the subset of 35 eyes that
underwent diode CPC. The probability of survival in this subgroup was 86%, 74%, 71%, and 71% at 1, 2, 3 and 5
years respectively.

Using multivariable Cox proportional hazards models, none of the factors analyzed were found to be associated with
survival of the AGV implant.

Safety Outcomes

Visual Acuity

Loss of light perception occurred in 4% (4/108 eyes); 3 of these 4 eyes had neovascular glaucoma with pre-operative
visual acuity at counting fingers or worse, 1 eye with pre-operative visual acuity of 20/100 had glaucoma progression in

the setting of non-adherence with topical therapy, and long gaps in follow-up.

Product-Limit Survival Estimate

1.0
0.8
2061
=
@
Q
<]
o
©
=
<
& 0.44
0.2
Number at risk
0.0
108 83 60 33 19 0
0 2 4 6 8 10

Time (in Years)

Figure 2 Kaplan Meier Curve showing survival probability after AGV. The procedure was considered a failure if any of the following criteria were met: additional IOP
lowering incisional surgery (CPC was not considered a failure), IOP >21 mmHg or less than 20% reduction below baseline on 2 consecutive study visits after 3 months, IOP
< 5 mmHg on 2 consecutive study visits after 3 months, loss of light perception, or AGV removal.
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Table 3 Reasons for Failure After Ahmed Glaucoma Valve with
Subsequent Cyclophotocoagulation, as Needed

Reason for Failure N

Incisional glaucoma surgery 7 6.5%
AGY removal 4 4%
Loss of light perception 4 4%
IOP >21 mmHg or < 20% reduction from baseline* 14 13%
IOP < 5 mmHg ** 6 6%

Notes: *Of the |4 eyes that failed due to inadequate IOP lowering, 9 (64%) had no further
intervention, and 5 (36%) had CPC. **Of the 6 eyes that failed due to hypotony, 3 underwent
surgical revision, | had low IOP due to traumatic retinal detachment, and 2 eyes of the same
patient had numerical hypotony not requiring treatment.

In eyes that retained vision at last follow-up, Snellen visual acuity was within 1 line of baseline in 51% (55/108),
worse by >4 lines in 12% (13/108), and better by > 4 lines in 6% (7/108). Of the 13 eyes with reduced vision from
baseline, 4 eyes had reduced vision due to corneal edema, 2 eyes due to cataract, and 1 eye each due to endophthalmitis,
epiretinal membrane, macular degeneration, and corneal graft failure. In 2 eyes, there was no obvious cause for reduced

Product-Limit Survival Estimate

1.0
0.8
2056
=
c
= |
w
c
S
b=
o
(o
=
i 0.4
]
0.2-
Number at risk
0.0
108 66 48 24 11 0
0 2 4 6 8 10

Time (in Years)

Figure 3 Kaplan Meier Curve showing survival probability after AGV. The procedure was considered a failure if any of the following criteria were met: additional IOP
lowering procedure (including CPC), IOP >21 mmHg or less than 20% reduction from baseline on 2 consecutive study visits after 3 months, IOP < 5 mmHg on 2 consecutive
study visits after 3 months, loss of light perception, or AGV removal.
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vision. In the 7 eyes that had improved vision from baseline, 3 eyes had poor vision pre-operatively due to high
intraocular pressure and cornea edema, and the vision improved after post-surgical IOP reduction. The remaining 4 eyes
had improved vision following cataract surgery, corneal transplantation, and repositioning of a subluxed intraocular lens.

The change in logMAR visual acuity from before surgery to last follow-up was significant with a mean decrease of
0.24 (approximately 2 Snellen lines, p = 0.002, ¢ test).

Complications

There were no complications after AGV implantation in 52% (56/108 eyes, Table 4). Corneal edema occurred in 10%
(11/108 eyes) and of these 11 eyes, 8 had new and persistent corneal edema after AGV, and 3 eyes had worsening of pre-
existing corneal edema. Of the 8 eyes that had new onset corneal edema, 5 had pre-existing or concurrent factors that
increased the risk of developing corneal edema, such as, flat anterior chamber with previous glaucoma filtering surgery,
cataract surgery complicated by vitreous loss, iridocorneoendothelial syndrome, ocular ischemic syndrome with recurrent
hyphema, and chronic hypotony. There were 12 eyes (11% of 108) with corneal transplants, and corneal graft failure after
AGYV implantation occurred in 6 of these eyes (50% of 12). All six eyes with corneal transplant failure had undergone
AGYV implantation in the AC, and 4 of these 6 eyes had the corneal transplant following AGV implantation. Of the 6 eyes
in which the corneal transplant was stable, the corneal surgery preceded the AGV implant in 4 eyes, and the AGV was
placed in the pars plana in 4 eyes. Binocular diplopia occurred in 7% (8/108 eyes); in 5 of these 8 eyes diplopia resolved
within 3 months of the AGV implant and 3 of the 8 eyes had persistent diplopia requiring treatment. Hyphema lasting
over a month occurred in 2% (2/108 eyes) and vitreous hemorrhage occurred in 3% (3/108 eyes, one eye required

Table 4 Complications After Ahmed Glaucoma Valve (AGV) Implantation

N
Eyes that underwent AGV implantation 108
Complications
None 56 51.85%
Corneal edema I 10.19%
New persistent cornea edema 8 741%
Worsening of pre-existing K edema 3 2.78%
Diplopia 8 741%
Transient diplopia < 3 months 5 4.63%
Persistent diplopia requiring treatment 3 2.78%
Bleeding 12 11.11%
Transient hyphema (resolved within a month) 7 6.48%
Hyphema > | month 2 1.85%
Vitreous hemorrhage (one case required PPV) 3 2.78%
Erosion/Exposure 13 12.04%
Tube erosion 9 8.33%
Plate exposure 2 1.85%
Plate suture exposure with leak | 0.93%
Patch graft exposure (required revision surgery) | 0.93%
(Continued)
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Table 4 (Continued).

N
Endophthalmitis 2 1.85%
Tube obstruction requiring revision 2 1.85%
Choroidal detachment 12 11.11%
Transient with no adverse sequelae 9 8.33%
Persistent > 3 months 2 1.85%
Transient with residual extensive high PAS | 0.93%
Rapid progression of cataract (within 2 weeks post-op) 2 1.85%
Hypotony 6 5.56%
Transient (Resolved < | month) 2 1.85%
Resolved after 3 months | 0.93%
Required tube revision 3 2.78%
Loss of light perception 4 3.70%
Ahmed removal 4 3.70%
For plate exposure and endophthalmitis | 0.93%
For tube erosion 2 1.85%
For tube erosion and endophthalmitis | 0.93%

vitrectomy). Complications related to exposure of the AGV implant occurred in 12% (13/108 eyes) and included tube
exposure (9 eyes, 8%), plate exposure (2 eyes), plate suture exposure with leak (1 eye), and patch graft exposure
requiring surgical revision (1 eye). All of these eyes had either tube revision or AGV removal, except for one eye with
early post-operative tube erosion that was noted to have spontaneously closed when the patient was brought to the
operating room for revision. Of the 9 eyes that had tube erosion, all had tube placement in the AC, 8 were placed in the
superotemporal quadrant and 1 in the inferotemporal quadrant, and all had placement of patch graft (6 eyes with
pericardium, and 1 each with cornea, sclera, and Dura substitute). Endophthalmitis occurred in 2% (2/108 eyes); 1 of
these eyes had tube exposure and the other had plate exposure. Tube obstruction requiring surgical revision occurred in
2% (2/108 eyes). One eye had sulcus tube placement and had elevated IOP at the first post-operative day and the tube
was repositioned to the pars plana. The other eye had prior complete vitrectomy and underwent pars plana AGV
implantation. On the third post-operative day, there was symptomatic IOP elevation; the patient then underwent pars
plana vitrectomy to remove residual vitreous that was obstructing the tube. The AGV implant was removed in 4% (4/108
eyes) due to recurrent tube erosion (3 eyes), and plate exposure with endophthalmitis (1 eye). Two eyes (2% of 108) had
rapid progression of cataract within 10 days of AGV implantation, one underwent cataract surgery and regained pre-AGV
visual acuity, the other eye had pre-existing poor visual potential due to retinal pathology and therefore no further
intervention was performed.

Additional non-IOP lowering interventions that occurred during the follow-up period included cataract surgery in 8%
(9/108), partial or full-thickness corneal transplant in 6% (6/108), Yag capsulotomy or surgical capsulectomy in 5% (5/
108), IOL repositioning in 2% (2/108), and multiple interventions (retinal detachment repair followed by corneal
transplant and cataract surgery) in 1% (1/108).

Thirty-five eyes (32% of 108) underwent CPC after AGV implantation. There were no complications after CPC in
80% (28/35 eyes, Table 5). Macular edema occurred in 6% (2/35 eyes) — both eyes required long-term topical anti-
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Table 5 Complications After  Trans-Scleral Diode
Cyclophotocoagulation (CPC)

N
Eyes that underwent CPC 35
Complications
None 28 80%
Macular edema 2 6%
Worsening of pre-existing corneal edema 2 6%
Corneal graft failure | 3%
Prolonged iritis 2 6%

inflammatory agents and retained good visual acuity. Prolonged and recurrent iritis occurred in 6% (2/35 — both eyes of
the same patient). This patient required maintenance treatment with topical steroid and retained good visual acuity in
both eyes. Corneal complications included worsening of corneal edema in 6% (2/35 eyes), and corneal graft failure in 3%
(1/35 eyes).

Discussion

In this retrospective study, the treatment approach of AGV with subsequent slow-coagulation trans-scleral diode CPC, if
IOP remained medically controlled, was successful in over 2/3 of subjects. Complications noted in this study were
comparable to those reported in previous studies.

The main goal of glaucoma treatment is to maintain functional vision throughout the patient’s lifetime. This is
achieved through controlling intraocular pressure by various means, all of which tend to lose efficacy with time. Aqueous
drainage devices are typically utilized when a patient has uncontrolled IOP despite the use of non-incisional glaucoma
therapy, and these devices may be used either as the primary incisional glaucoma therapy or following other surgical
treatments such as angle-based surgery and filtering bleb surgery. Even after GDD implantation, most patients still
require medical therapy, and some may need additional intervention.

When IOP is not medically controlled after AGV implantation, the commonly used treatment options include
a second GDD or trans-scleral CPC. The available data indicates that CPC has an advantage over a second drainage
device in this setting. The Second Aqueous Shunt Implant versus Transscleral Cyclophotocoagulation Treatment Study
(ASSISTS) was a randomized controlled trial that compared a second drainage device (n = 22) and CPC (n=20) in eyes
that had inadequately controlled IOP despite placement of one GDD and medications.* The study had a follow-up of 18
months and showed that both approaches had high short-term success rates, but a second GDD was associated with
a higher risk of additional glaucoma surgery. In a retrospective study by Levinson et al, sequential GDD implantation
(n=32) was compared to CPC (n=21) following failure of a primary drainage device.® The review period was 10 years
and the authors reported that both procedures reduced IOP, but CPC led to a greater IOP reduction and the likelihood of
corneal decompensation in eyes without pre-existing corneal edema was much lower for CPC.

In patients with glaucoma who require additional intervention besides medications, laser trabeculoplasty, and angle-
based MIGS, our preferred surgical approach is the AGV implant. If IOP remains uncontrolled after AGV implantation
and restarting medical therapy, our preferred treatment modality is a limited trans-scleral diode CPC using the “slow-
coagulation technique”. In this retrospective study, we reviewed patients who underwent AGV implantation over a 15-
year period. The definition of failure included multiple outcomes and based on these criteria 68% of eyes were
successful. Diode CPC was performed in 32%, and 2/3rd of these required only 1 CPC treatment. Most of the failures
were due to inadequate IOP lowering which was defined based on previously described and commonly used criteria.

However, the clinical decision of whether IOP control is adequate or not is based on multiple factors and not solely on
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IOP reduction. This is illustrated by the fact that nearly two-third of eyes that “failed” by the IOP lowering criteria did
not undergo any further intervention; the rest underwent diode CPC, and none had further incisional glaucoma surgery.

For direct comparison of our study with previous studies on the AGV implant, we also analyzed our data using the
same failure criteria as the Ahmed Baerveldt Comparison (ABC) study.” The ABC study was a randomized controlled
trial which compared the AGV to the Baerveldt implant, and it considered CPC as a criterion for failure. The 5-year
probability of survival in the current study decreased from 69% (when diode CPC was not considered a failure) to 47%
when using the ABC study criteria for failure. This was comparable to the 5- year survival probability of 45% reported in
the AGV arm of the ABC study. Although the probability of survival was similar in the two studies, the total number of
subjects who needed any IOP lowering intervention after AGV was higher in this study than in the ABC study. This
could be due to several factors including the lower mean pre-op IOP in this study (24.8 + 8.2 mm Hg versus 31.2 £ 10.9
in ABC) and the longer duration of follow-up in this study. In addition, the ABC study had a much higher proportion of
subjects with NVG (29% versus 4% in this study) and these subjects typically do not require as low a target IOP as
patients with primary open angle glaucoma (POAG). The proportion of subjects with POAG was higher in this study
(52% versus 41% in the ABC study) and although target IOP was not available for every subject, 23 of 108 eyes (21%)
had a documented target IOP of less than 13 mm HG (range 8—12 mm HG).

The Ahmed Versus Baerveldt (AVB) study was another randomized controlled trial that compared the Ahmed and
Baerveldt implants and, like the ABC study, it defined diode CPC as a criterion for device failure.® The number of
subjects needing any glaucoma intervention after AGV was again higher in our study when compared to the AGV arm of
the AVB study, and this was likely for the same reasons that have been noted above. The mean baseline IOP and
proportion of subjects with NVG were both higher in the AVB study than in this study.

Post-operative complications after AGV in the current study were comparable to those reported in the AGV arms of
the ABC and AVB studies.®’ Corneal edema occurred in 10% in this study with most having new onset edema. However,
many of these eyes had pre-existing factors that are associated with an increased likelihood of developing corneal edema.
In comparison, the AVB study reported corneal edema in 11% and the ABC study reported persistent corneal edema in
20% with edema attributable to the tube shunt in 11%. Consistent with previous data,'® this study also showed a high rate
of corneal transplant failure in eyes with AGV. Pars plana placement of the tube was associated with a lower incidence of
failure in this study. Sulcus placement has been reported to have lower endothelial loss than placement in the AC but
could not be evaluated in this study.'' Tube erosion occurred in 8% over a mean follow-up period of slightly over 5 years
(range 5 months to 18.75 years). In comparison, the ABC and AVB studies reported tube erosion in 3% and 4%
respectively, over 5 years. Binocular diplopia occurred in 7% with only 3% having persistent diplopia that required
treatment. In comparison, binocular diplopia occurred in 13% and 5% respectively in the ABC and AVB studies. Loss of
light perception occurred in 4% in this study compared to 12% and 6% respectively in the ABC and AVB studies both of
which had a higher proportion of eyes with neovascular glaucoma than the current study. Removal of the AGV implant
occurred in 4% in this study compared to 5% and 0.8% respectively in the ABC and AVB studies. Hypotony requiring
tube revision occurred in 3% in this study compared to 0.6% and 1% respectively in the ABC and AVB studies.

Complications after diode CPC in this study were comparable to those previously reported, and none of the eyes
developed hypotony after CPC."? Nearly 95% of the eyes that underwent CPC in this study had diode CPC. Although
micropulse CPC is an alternative to diode CPC, we have previously reported that nearly 50% of eyes that underwent
micropulse CPC required further IOP lowering intervention and 11% had persistent complications.'® Therefore, we
prefer diode CPC over micropulse CPC.

The limitations of our study include its retrospective nature which has inherent drawbacks compared to a prospective
study. Treatment decisions were based on each surgeon’s discretion and the treatment protocol was not standardized.
There was also no comparator group in the study. In addition, the specific treatment approach we describe is associated
with a good safety and efficacy profile in our hands and in our patient population but may not be generalizable to other
settings.

In conclusion, we present a cohort of patients treated with AGV implant followed by trans-scleral diode CPC as the
main intervention if IOP remained medically uncontrolled. The efficacy and safety of this treatment approach was
comparable to previously published reports on these two procedures. The proportion of subjects requiring diode CPC
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after AGV was higher than in previous reports on the AGV implant, likely due to differences in subject characteristics as

well as the longer duration of follow-up in this study.
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