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Abstract: Trabeculectomy and glaucoma drainage device implantation are the most commonly performed glaucoma surgeries
worldwide. Although trabeculectomy is the gold standard, at the present time there is an increase in the use of glaucoma drainage
devices. The Ahmed glaucoma valve is one of the most widely used glaucoma drainage devices worldwide. Corneal endothelial cell
loss and eventually corneal decompensation is one of the serious complication of glaucoma drainage device implantation. To avoid
this, drainage tube can be inserted into the ciliary sulcus instead of the anterior chamber, especially in eyes with high risk for corneal
decompensation. Tube/plate exposure, hypertensive phase, endophthalmitis, cataract formation, diplopia and ocular hypotony are the
other potential complications that can develop after Ahmed glaucoma valve implantation.
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Introduction

Glaucoma is the leading cause of irreversible blindness worldwide and the main treatment modality for glaucoma is the
reduction of intraocular pressure (IOP)."* If IOP remains medically uncontrolled, glaucoma filtration surgeries are
indicated. Currently, trabeculectomy and glaucoma drainage device (GDD) implantation remain the mainstay of
glaucoma surgical procedures. Although trabeculectomy remains the “gold standard” for glaucoma surgery, it has high
rates of potential serious complications in the early postoperative period such as hypotony, choroidal effusion, shallow
anterior chamber and hyphema, and long-term complications usually associated with bleb, such as bleb leakage, blebitis
and endophthalmitis. Since the introduction of the Molteno implant in 1969, GDDs have been used widely in the
management of complicated and refractory glaucomas.>* GDDs consist of a long silicone tube which provides a channel
for outflow of aqueous from the anterior chamber to an endplate which was placed in the sub-Tenon's space in the
equatorial area. A number of GDDs are commercially available. They differ in size, shape and material composition of
the endplate. Valved implants have a flow restrictor to limit flow through the device. GDDs are usually preferred as
a second line of management after a failed trabeculectomy or as a primary procedure in clinical situations considered
high risk for trabeculectomy failure such as previous vitreoretinal surgery, previous penetrating keratoplasty, uveitic
glaucoma or neovascular glaucoma, etc.

As stated before, trabeculectomy and tube shunt surgery are the most effective and mostly used glaucoma procedures
worldwide. Studies analysing glaucoma surgeries demonstrated that, in recent years, there is a significant increase in
GDD implantation and a decrease in trabeculectomy surgery.” ® GDDs have been used increasingly in the management
of glaucoma as a primary surgical option, even in eyes at low risk for failure with trabeculectomy.*® The Tube Versus
Trabeculectomy (TVT) study is a multicenter randomized clinical trial comparing the efficacy and safety of GDD (350-
mm? Baerveldt implant) and trabeculectomy with mitomycin C in eyes with prior ocular surgery (cataract extraction with
intraocular lens implantation and/or failed filtering surgery). In this study, during the five years of follow-up it was found
that success was higher in tube shunt surgery compared to trabeculectomy. At five years, the cumulative probability of
failure was found to be 29.8% in the tube shunt group and 46.9% in the trabeculectomy group.” The Primary Tube Versus
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Trabeculectomy (PTVT) study is another multicenter randomized clinical trial comparing the efficacy and safety of GDD
(350-mm? Baerveldt glaucoma implant) and trabeculectomy with mitomycin C (0.4 mg/mL for 2 minutes) in eyes
without prior ocular surgery. Study results were reported after 1, 3, and 5 years of follow-up.'®'? In this study, the failure
rate was found to be higher with the tube shunt surgery, however the difference was statistically significant only at
one year, but not at 3 and 5 years of follow-up. Early postoperative complications occurred more commonly after
trabeculectomy surgery. Frequency of serious complications producing vision loss or requiring reoperation was lower
after tube shunt surgery relative to trabeculectomy at one year of follow-up.

There is a growing tendency in GDD implantation among glaucoma surgeons and in this review we discuss the
surgical success rate and complications and recent surgical modifications of the Ahmed glaucoma valve implant which is
one of the most commonly used GDDs worldwide.

Method of Literature Search
We searched the PubMed database using the keywords “Ahmed glaucoma valve”, “glaucoma drainage device”,
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“glaucoma drainage implant”, “aqueous shunt”, “Baerveldt glaucoma implant”, “Molteno implant”.

Criteria and Fundamentals of Ahmed Glaucoma Valve Implantation

Ahmed glaucoma valve (AGV, New World Medical, Rancho Cucamonga, California) is a glaucoma drainage device that
has a 184 mm? silicone plate and, as the name implicates, is equipped with a valve mechanism which reduce the
incidence of early hypotony and hypotony related complications after surgery. The aqueous humor flows through the tube
to a valve comprised of two silicone elastomer membranes measuring 8 mm in length and 7 mm in width which create
a venturi-shaped chamber. The venturi-shaped chamber uses Bernoulli’s principle. As the inlet cross section of the
chamber is wider than the outlet, a pressure ensues across the chamber. The valve is designed to open when the IOP is 8
mmHg."?> AGV received approval by the US Food and Drug Administration in glaucoma surgery in 1993."* Since then it
has been used for many glaucoma cases worldwide and became one of the most preferred GDDs at the present time.
AGYV and the other GDDs are usually preferred in eyes with refractory glaucoma when trabeculectomy has failed or is
unlikely to succeed. Baerveldt glaucoma implant (BGI) is another GDD commercially available. AGV and BGI are the
two commonly used GDDs worldwide but differ in design.

Comparison of Ahmed Glaucoma Valve and Baerveldt Glaucoma Implant
The major difference between AGV and BGI is that, BGI, unlike AGV, is a nonvalved implant. For this reason, to prevent
early hypotony in eyes implanted with BGI, an internal stent (prolene suture) or external tube ligation is required to
temporarily obstruct the flow in the tube lumen. BGI has a surface area that is larger (350 mm?) than AGV (184 mm?).
The large surface area of BGI requires the wings of the endplate to be implanted under adjacent rectus muscles. There are
randomized controlled trials comparing the efficacy and safety of AGV and BGI. The Ahmed Baerveldt Comparison
(ABC) study is the first, multicenter prospective, randomized clinical trial comparing the Ahmed valve (model FP7) and
Baerveldt implant (model 101-350).">"'7 In the ABC study there was no obvious superiority of one implant over the
other. Surgical success was similar during the 5 years of follow-up (The cumulative probability of failure was 44.7% in
the AGV group and 39.4% in the BGI group, p = 0.65). Failure was usually due to high IOP end points in the AGV
group, but due to safety end points in the BGI group. Among patients with 5-year follow-up, mean IOP values of Ahmed
and Baerveldt groups were reduced from 29.6+10.1 mmHg and 28.3+9.3 mmHg at baseline to 14.7+4.4 mmHg and 12.7
+4.5 mmHg at five years, respectively. The decrease in IOP was statistically significant in both groups (p < 0.001). The
Ahmed Versus Baerveldt (AVB) study is another multicenter prospective randomized clinical trial comparing the efficacy
and safety of the AGV and BGL.'*?° Mean baseline IOP values in AGV and BGI groups were reduced from 31.1+10.5
mmHg and 31.7 £11.1 mmHg to 16.6+£5.9 mmHg and 13.645.0 mmHg, respectively. Decrease in IOP was statistically
significant in both groups (p < 0.001). At 5 years postoperatively the AGV group had a higher failure rate (53%)
compared to the BGI group (40%). The main reason for failure was found to be a high IOP in both groups. Hypotony
resulted in failure in 4% of patients in the BGI group, but none in the AGV group. Authors stated that both AGV and BGI
were effective in lowering IOP, but in patients that need a lower target IOP level, BGI might be a good choice. Christakis
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et al’! determined the efficacy of AGV and BGI by utilizing pooled data from the ABC and AVB studies. They found that
both devices were effective in lowering IOP, however, BGI had a lower failure rate, had a lower rate of further glaucoma
surgery and had a lower IOP on fewer medications at 5 years, but had a higher risk for hypotony.

Success Rate of AGV Implantation and Risk Factors for Failure

Reported success rate of AGV implantation in studies varies widely between 9% to 98.3%.'** This high variation may be
due to the differences in the lengths of follow-up period, glaucoma diagnosis, definition of success criteria and surgical
technique between the studies. The reported success rate of AGV implantation in different studies are shown in Table 1.
Coleman et al'> reported the success rate as 78% at 1 year. Topouzis et al'* reported cumulative probabilities of success at 1,
2,3 and 4 years as 76%, 68%, 54% and 45%, respectively. When corneal complications were excluded from the definition of
failure, cumulative probabilities of success at 1, 2, 3 and 4 years were reported as 87%, 82%, 76% and 76%, respectively.
Yalvac et al*® evaluated results of AGV implantation in neovascular glaucoma and they reported success rates as 63.2% at
1 year, 56.1% at 2 years, 43.2% at 3 years, 37.8% at 4 years and 25.2% at 5 years. In the AVB study the cumulative
probability of failure was reported as 43% at 1 year, 51% at 3 years and 53% at 5 years.'® > In the ABC study the cumulative
probability of failure was reported as 16.4% at 1 year, 31.3% at 3 years and 44.7% at 5 years."””'7 AGV underwent
a modification of plate material from polypropylene in the original form to a silicone version. The silicone model is more
flexible and has a lower profile than the polypropylene model and studies showed that success rate had been higher in the
silicone AGV implanted eyes compared to the polypropylene AGV implanted eyes.*** In Ishida et al’s study®* a total of 132
eyes of 132 patients were included in the study. Sixty-six eyes were implanted with the silicone model and 66 eyes were
implanted with the polypropylene model. Success rates for the silicone and polypropylene models were 94.2% and 83.2% at
12 months and 82.4% and 56.7% at 24 months, respectively when the success criteria was defined as IOP >6 mmHg and <21
mmHg. In another study, Hinkle et al*> compared the outcomes of eyes implanted with silicone versus polypropylene model
AGYV, retrospectively. In their study, 25 eyes received the silicone and 26 eyes received the polypropylene model AGV. At 12
months the success rate was higher in the silicone group compared to the polypropylene group (96% and 81%, respectively).
However the result was not statistically significant.

1 evaluated the risk factors associated with failure of tube shunt surgery by utilizing pooled data from

Bowden et a
ABC, AVB, and TVT studies. They found that lower preoperative IOP, neovascular glaucoma, AGV implantation, and
a younger age were predictors of tube shunt failure. Tran et al’*’ compared the long-term surgical success of AGV
implantation with trabeculectomy with mitomycin C in patients with open angle glaucoma. They found that, at 5 years,
eyes with AGV have a similar success rate compared with eyes which had a trabeculectomy, when success was defined as an
IOP <21 mmHg plus an IOP reduction of >15% from the baseline (36% and 48%, respectively, p = 0.094). However, when
success was defined as IOP <18 mmHg plus an IOP reduction of >20% from the baseline, eyes with AGV had a statistically
significantly lower success rate compared to eyes that had a trabeculectomy (28% and 44%, respectively, p = 0.024). Souza
et al*® evaluated the long term outcomes of AGV implantation in 78 eyes. Success was found to be 80% after one year and
49% after 5 years in their study. They stated that prior glaucoma surgery was a significant risk factor for failure. A fibrous
capsule develops around the endplate after implantation and this provides resistance to aqueous flow in the postoperative
period. Failure of the tube shunts is mostly due to the excessive fibrosis around the plate. Use of antimetabolites (mitomycin
C or 5-fluorouracil) may improve the outcomes of AGV implantation.”*?” Some studies showed no benefit.** *® When
there is AGV failure due to bleb encapsulation, needle revision with 5-fluorouracil can be considered.*’ Surgical excision of
the encapsulated bleb is also an effective procedure.*® Additional GDD insertion is another treatment option. However, the
risk of corneal edema or corneal decompensation increases after sequential GDD implantation. Besides, diplopia is another

concern when the two GDDs are implanted in the same eye.***°

Complications

Hypertensive Phase
Hypertensive phase (HP) is described as an increase in IOP in the early postoperative period following GDD implanta-
tion. It is due to gradual congestion and edema of the fibrous capsule around the endplate and usually develops at 3—6
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Table | The Rates of Success in Selected Studies Evaluating Ahmed Glaucoma Valve Implantation

Study Design Number of Eyes | Follow-Up Success
Coleman (1995)'3 Prospective 60 Range, 3-22 months 78% at 12 months
Median, 9.3 months
Coleman (1997)* Prospective, pediatric patients 24 16.3x11.2 months 77.9% at 12 months, 60.6% at 24 months
Coleman (1997)* Prospective, patients with corneal transplant | 31 Range, 3—46 months 75.4% at 12 months, 51.5% at 20 months
were included Median, 16 months
Topouzis (1999)"* Prospective 60 Mean, 30.5 months 76%, 68%, 54% and 45%, at |, 2, 3 and 4 years, respectively 87%,
82%, 76% and 76%, at |, 2, 3 and 4 years, respectively (when
corneal complications were not considered as a failure)
osta rospective, comparin implantation ange, 3-28 months o at months 6, when reduction of at least o
C 2004)%° Prosp paring AGV impl 34 (MMC Range, 3-28 hs (MMC 59% at 18 hs (62%, when IOP red f at | 30%

with or without intraoperative MMC

26 (control)

Mean, 12.3% 6.7 months (MMC)
Range, 3-30 months (control)
Mean, 13.5+ 7 months (control)

was used)
61% at 18 months (67%, when IOP reduction of at least 30%

was used)

Schlote (2006)*

Prospective, pars plana AGV implantation

| year

91%

Souza (2007)* Retrospective, patients with secondary 78 Mean, 5.1+ 0.8 years 80% at | year, 49% at 5 years
glaucoma were included
Yalvac (2007)39 Retrospective, patients with neovascular 38 Mean, 37.0 £ 18.4 months 63.2%, 56.2%, 43.2%, 37.8%, 25.2% at |, 2, 3, 4 and 5 years,
glaucoma were included respectively
Hinkle (2007)% Retrospective, a comparison study of 25 (FP7) 12 months 96% (FP7)
polypropylene plate (S-2) to the silicone plate | 26 (S-2) 81% (S-2)
(FP7)
Alvarado (2008)26 Retrospective, patients underwent AGV 88 (AGV) Range, 6-90.3 months 92%, 87%, 82%, 80%, 72%, 72% at |, 2, 3, 4, 5 and 6 years,

implantation (with MMC and 5-FU) alone or

in combination with cataract surgery (AGV

+Phaco)

42 (AGV+Phaco)

Median, 50.4 months

respectively
92%, 85%, 80%, 76%, 69%, 69% at |, 2, 3, 4, 5 and 6 years,

respectively

Tran (2009)%

Retrospective, patients with primary open
angle glaucoma, pseudoexfoliation glaucoma,
and pigmentary glaucoma were included

94

Range, 3-9.1 years

Mean, 4.6 years

36% at 5 years (success criteria: IOP < 2] mmHg + |IOP
reduction 2 15%)
28% at 5 years (success criteria: IOP < |18 mmHg + |IOP
reduction = 20%)
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Al-Mobarak (2009)* Retrospective, comparing AGV implantation 16 (MMC) 2 years 31.3% (MMC)

with or without intraoperative MMC in I5 (control) 80% (control)

pediatric eyes
Mahdy (2011)¥ Prospective, comparing bevacizumab versus 20 (MMC) 12 months 90% (MMC)

MMC with AGV implantation in pediatric eyes | 20 (bevacizumab) 80% (bevacizumab)

20 (control) 60% (control)

Budenz (2011)'> ABC Prospective 132 | year Failure rate: 16.4% at | year
Study
Barton (2014)'® ABC Prospective 106 3 years Failure rate: 31.3% at 3 years
Study
Budenz (2015)'7 ABC Prospective 87 5 years Failure rate: 44.7% at 5 years
Study
Christakis (201 I)IB AVB Prospective 110 | year Failure rate: 43% at | year
Study
Christakis (2013)'° AVB Prospective 101 3 years Failure rate: 51% at 3 years
Study
Christakis (2016)*° AVB Prospective 89 5 years Failure rate: 53% at 5 years
Study
Maris (2013)*' Retrospective, comparing pars plana versus 31 (PP) Range, 4-48 months (PP) 93.4%, 90%, 74.3% at 6 months, | and 2 years, respectively

anterior chamber tube placement 31 (AC) Mean, 20.9+ 12.4 months (PP)

Range, 6-54 months (AC) 90.3%, 86.6%, 86.6% at 6 months, | and 2 years, respectively
Mean, 20.5+ 13.1 months (AC)

Eslami (2014)** Retrospective, ciliary sulcus implantation 23 9 months 78.6%

Yazdani (2015)%

Prospective, evaluating AMT and MMC in

23 (control)

Mean, 52.4+4.2 weeks (control)

93.8% at 12 months (control)

AGYV implantation 25 (MMC) Mean, 51.3+3.8 weeks (MMC) 81.3% at 12 months (MMC)

20 (AMT) Mean, 53.2+4.1 weeks (AMT) 78.6% at 12 months (AMT)
Parihar (2016)* Prospective, comparing pars plana versus 25 (PP) 2 years 72% (PP)
anterior chamber tube placement in eyes 25 (AC) 76% (AC)

undergoing penetrating keratoplasty

(Continued)
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Table | (Continued).

Study Design Number of Eyes | Follow-Up Success
Bayer (2017)* Retrospective, comparison of ciliary sulcus 68 (CS) Mean, 30.2+17.7 months (CS) 97.1%, 93.8%, 89.6%, 82.7%, 62%, 62% at 6 months, 1, 2, 3, 4
and anterior chamber implantation 35 (AC) and 5 years, respectively
Mean, 27.2+16.5 months (AC) 98.3%, 94.7%, 81.3%, 76.3%, 53.1%, 53.1% at 6 months, 1, 2, 3, 4
and 5 years, respectively
Choy (2018)% Prospective, patients with NVG 12 Mean, 31.0£15.4 months 42%
Pakravan (2018)* Prospective, comparing short tunnel small flap | 99 (STSF) | year 70%
(STSF) versus scleral patch graft (SPG) 98 (SPG) 65%
technique in AGV implantation
Arikan (2022)* Retrospective, ciliary sulcus implantation 47 Mean, 7.9+3.4 months 87.2%

Abbreviations: AGY, Ahmed glaucoma valve; MMC, mitomycin C; 5-FU, 5-Fluorouracil; ABC, Ahmed Baerveldt Comparison; AVB, Ahmed Versus Baerveldt; AMT, amniotic membrane transplantation; PP, pars plana; AC, anterior
chamber; CS, ciliary sulcus; NVG, neovascular glaucoma; STSF, short tunnel small flap; SPG, scleral patch graft.
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weeks after surgery and this leads to a transient increase in IOP. The hypertensive phase is usually over within 6 months
and occurs more commonly in valved GDDs like AGV31152 Ozalp et al’! evaluated the risk factors for HP develop-
ment retrospectively. In their study HP was observed in 31 of 60 eyes (51.7%). The resolution of HP was observed in 27
eyes (87.1%) at 3 months after the surgery. Younger age and higher mean preoperative IOP were found to be risk factors
for HP development. At the last follow-up visit, eyes with HP had higher mean IOP and required more antiglaucomatous

I°! evaluated the factors

medication compared to eyes without HP. In another retrospective study, Pitukcheewanont et a
associated with HP development after GDD surgery. Seventy-two eyes of 72 patients were included in the study.
Eighteen eyes had valve GDD (AGV) and 54 eyes had non-valve GDD (Molteno double-plate or BGI). Hypertensive
phase developed in 38 eyes (52.8%) and occurred in about half of all types of GDD implantation. Authors found no
significant difference in terms of reduction in IOP and number of medications from baseline at the 12-month follow-up
visit when compared to the eyes which developed HP and eyes which did not develop HP. A risk factor of HP was pre-
operative visual acuity equal or better than 20/70. Interestingly it was found that the presence of underlying heart disease
was found as a protective factor for HP. Patients with heart disecase were using anti-platelets and it was speculated that the
anti-inflammatory effect of the antiplatelets, particularly aspirin, might be responsible for controlling inflammation and
retarding fibrosis formation around the drainage device. Ocular digital massage may be useful in the management of HP
after GDD implantation. Smith et al>* conducted a prospective study to evaluate the role of ocular massage during the HP
after AGV implantation. In the study, 18 patients with high IOP (at 1 to 8 weeks after surgery) underwent digital ocular
massage. Fifty percent of the patients achieved a 20% drop in IOP with massage and the 20% drop in IOP was
maintained at the 2-week, 6-week, and 6-month review, although by 6 months, 50% of the patients required glaucoma
eye drops to achieve their target IOP. In a retrospective study, Mcllraith et al’® 4 evaluated the efficacy and safety of ocular
massage in patients who developed HP after AGV implantation. Massage resulted in an immediate reduction of IOP, and,
despite initial higher postoperative IOP in the massage group, there were no differences between the patients who
developed HP and the patients who did not develop HP at 1 year after surgery with regard to IOP reduction or
requirements for hypotensive medications. No complication observed after ocular massage. According to these studies,
it seems that ocular massage is useful.

Hypotony

Although AGYV is a valved device, ocular hypotony (transient or persistent) can be seen in the early postoperative period.
In the literature, the rate of hypotony after AGV implantation was reported in a wide range, from 1% to
37%,13:2022:23.2832.36.3739 Hynotony may be due to over-priming of the tube and valve failure, outflow of aqueous
humor around the silicone tube or decrease in aqueous production due to ciliary body function failure. In hypotonic eyes
hypotony maculopathy, choroidal detachment and shallow or flat anterior chamber may develop. Thus, intraoperatively,
partial ligation of the silicone tube with vicryl suture can be applied to prevent early ocular hypotony.>> Hypotony risk
seems to be higher in eyes implanted with BGI. In the AVB study hypotony resulted in failure in 5 patients (4%) in the

Baerveldt group compared with none in the Ahmed group.*’

Encapsulated Cyst Formation

Encapsulated cyst formation is a late complication of AGV implantation. It is the most important reason for GDD failure.
In this situation fibrous tissue forms around the plate, restricts aqueous humor diffusion around the plate. Frequency of
encapsulated cyst formation varies from 5% to 30% in different studies. Antimetabolite application can be useful to
prevent this complication.>®

Corneal Edema/Decompensation

Corneal endothelial cell loss and eventual corneal edema and decompensation is a well known complication of tube shunt
surgery. The rate of corneal complications after tube shunt surgeries are reported to be as high as 16% to 27% in previous
reports and eyes with corneal graft have higher risk.'*!'7>7°! Postoperative hypotony, flat anterior chamber, tube-cornea
touch and chronic inflammation are the proposed mechanisms for corneal endothelial cell loss after tube shunt
surgery.'#20°7:3862 In the AVB study, 11% of the patients in the AGV group and 12% of the patients in the BGI
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group developed a corneal edema as a long term complication and 7% of the patients in the AGV group and 4% of the
patients in the BGI group required a corneal transplant.'® To avoid corneal complications, pars plana placement of the
drainage tube has been also described.***!-** In this situation, complete pars plana vitrectomy is required before inserting
the drainage tube. Studies reported no differences between pars plana and anterior chamber placement in terms of success
rate.*'*** However, after pars plana implantation of the GDD tube, posterior segment complications including vitreous
incarceration of the tube, vitreous hemorrhage and retinal detachment may develop.®> As pars plana implantation of the
tube is a more complex procedure and has potential serious posterior segment complications, it should be considered in
conditions where anterior chamber implantation is not feasible or is likely to create corneal decompensation. However, it
should be kept in mind that after pars plana implantation the risk of corneal decompensation does not disappear
completely. Interestingly different results were reported by studies comparing pars plana and anterior chamber tube
shunt implantation in terms of corneal complications. In some studies corneal complications were found to be similar in
both groups and in some studies it was reported that corneal complications were lower in pars plana implanted
group.1:42:39:64

Another potential space for the tube shunt placement is the ciliary sulcus. To minimize corneal endothelial cell loss,
especially in eyes with shallow anterior chamber depth or compromised corneal endothelium, ciliary sulcus can be
considered for the tube shunt implantation. Its effectiveness and safety has been demonstrated in some previous
reports.>>>>® Ciliary sulcus tube shunt placement was first described by Rumelt and Rehany in 1998.°° They performed
this surgical approach in 3 patients with corneal grafts. They used AGV in 2 eyes and a Molteno implant in one eye.
Ciliary sulcus insertion of the tube was performed by the authors owing to the combination of pseudophakia or aphakia,
corneal graft and moderate shallowing of the anterior chamber. Intraocular pressure levels were within normal limits
(range, 8—14 mmHg) without any antiglaucomatous medication during the mean follow-up period of 18 months and
corneal grafts remained unchanged. They suggested this surgical approach in pseudophakic or aphakic eyes in the
presence of compromised corneal endothelium, corneal graft, shallow anterior chamber depth or extensive synechial
angle closure. To date, the results of ciliary sulcus tube shunt placement was evaluated in various studies and success
rates were reported as high as 78.6% to 98.3%.%>7>> Eslami et al** evaluated retrospectively the results of 23 eyes of 23
patients that underwent AGV tube implantation into the ciliary sulcus. In the study the mean follow-up period was 9
months (range 3-24 months) and IOP reduced from 37.9 + 12.4 mmHg to 16.2 + 3.6 mmHg at last follow-up visit and
the success rate was found as 78.6%. Serious complications were endophthalmitis in one eye, tube exposure in one eye
and vitreous tube occlusion in one eye. Corneal edema or decompensation was not reported. Bayer et al*> compared the
efficacy and safety of anterior chamber (68 eyes) vs ciliary sulcus (35 eyes) AGV tube placement. Success rates were
found to be similar between the ciliary sulcus and anterior chamber implanted groups and was found to be 85.3% (mean
follow-up period was 30.2 + 17.7 months) and 83.8% (mean follow-up period was 27.2 = 16.5 months), respectively.
During the follow-up period corneal failure was developed in one patient in the anterior chamber AGV implanted group,
but in none of the patients in the ciliary sulcus implanted group. Arikan et al*? evaluated the results of patients who
underwent AGV implantation with the tube placement in the ciliary sulcus retrospectively. A total of 47 eyes of 43
patients were included in the study and success was achieved in 41 eyes (87.2%) at their last follow-up visit (mean
follow-up period was 7.9 £ 3.4 months). In the follow-up period corneal or corneal graft edema/decompensation did not
develop in any eye. Recently, Zhang et al®” evaluated the corneal endothelial cell loss after anterior chamber vs ciliary
sulcus AGV tube placement. A total of 106 eyes with anterior chamber tube inserted (mean follow-up time was 37.6
20.1 months) and 105 eyes with ciliary sulcus tube inserted (mean follow-up time was 20.1 + 17.2 months) were included
in the study. Mean monthly loss in central corneal endothelial density was significantly lower in the ciliary sulcus
implanted group compared to the anterior chamber implanted group (15.3 + 20.7 cells/mm? and 29.3 £ 29.7 cells/mm?,
respectively). One year after AGV implantation mean IOP values were found to be similar in both groups. Kim et al®®
evaluated the corneal endothelial cell loss in the ciliary sulcus AGV implanted and anterior chamber AGV implanted eyes
and they found that the anterior chamber AGV implanted eyes had higher monthly endothelial cell density loss compared
to the ciliary sulcus AGV implanted eyes (17.47 + 11.50 cells/mm? and 6.40 + 7.69 cells/mm?, respectively). Success
rates were found to be 83.3% and 78.9% at 12 months, and 83.3% and 76.3% at 24 months in the ciliary sulcus and
anterior chamber groups, respectively. There was no statistically significant difference between the groups in terms of
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success rate. These studies support the efficacy and safety of the ciliary sulcus tube shunt placement and it seems that
IOP reduction is similar between ciliary sulcus and anterior chamber tube shunt placement. However corneal endothelial
cell loss is lower in ciliary sulcus implanted eyes. So ciliary sulcus implantation can be considered especially in eyes with
a high risk of corneal decompensation. Samuel et al® evaluated the outcomes of anterior chamber, ciliary sulcus, and
pars plana glaucoma drainage device (AGV or BGI) placement retrospectively. A total of 120 eyes of 120 glaucoma
patients were included in the study. The mean follow-up period was 16.4+10.1 months. The success rate for all three tube
locations were similar and there was no significant difference in complication rates between the groups after 3 months.
To the best of our knowledge, this is the only study in the literature evaluating the anterior chamber, ciliary sulcus and
pars plana tube placement in GDD surgery. To determine the best tube position in terms of IOP decrease and corneal

endothelial cell loss randomized controlled trials are required.

Tube/Plate Exposure

Conjunctival erosion over the tube/plate is a potentially serious complication after the GDD implantation. The incidence
of this complication was reported between 0% and 8.3% in previous studies.'***7%72 Exposed implant serves as a nidus
for infection and poses a risk for endophthalmitis. Younger age, inflammation (eyes with uveitic glaucoma or neovascular
glaucoma), inferior device placement, performing concomitant surgery (mostly cataract surgery or pars plana vitrectomy)
are the reported risk factors for erosion.”®”® To reduce the likelihood of tube exposure, the tube should be implanted
under the partial-thickness scleral flap or covered with a patch graft. Tube implantation under a scleral tunnel or scleral
pocket without using a patch graft were also described.**’*"7” Pericardium, duramater, sclera, cornea or fascia lata can be
used as a patch graft. Patch grafts may thin or disappear after implantation. So, despite the use of a patch graft, tube
exposure can still emerge. In a study, double-thickness pericardium patch grafts were found to be less likely to be
associated with tube exposure than single-thickness pericardium patch grafts.”® Various methods have been described for
the treatment of exposed tubes. Placement of a patch graft material (sclera, pericardium, dura, fascia lata or duramater),
repositioning of the tube to the pars plana, using full-thickness corneal buttons, conjunctival-tenons pedicle flap from the
fornix or oral buccal mucous membrane graft from the lower lip are the reported surgical approaches in the literature.”
Using a Tenon cyst patch graft is another option for the surgical repairing of the tube exposure.’’ In this approach Tenon
tissue harvested around the plate is used for the tube coverage.

Endophthalmitis

Endophthalmitis is a rare complication after AGV implantation. Al-Torbak et al*” investigated the rate and risk factors of
endophthalmitis following AGV implantation. A total of 542 eyes of 505 patients were included in the study and
endophthalmitis developed in 9 eyes (1.7%). The rate was 5 times higher in children and conjunctival erosion over the
AGYV tube was present in 6 of 9 eyes. The authors stated that young age and conjunctival erosion over the tube were
significant risk factors associated with endophthalmitis. In a retrospective study Zheng et al®' also investigated the rate of
infectious endophthalmitis after GDD implantation and they found that 14 of 1891 eyes (0.7%) developed endophthal-
mitis and most of them (9/14) had GDD erosion. Thus conjunctival erosion over the implant can be considered as a risk
factor for endophthalmitis and should be repaired promptly.

Tube Migration

Tube anterior migration or retraction can be observed as an early or late complication. To avoid this complication the
plate should be fixated to the sclera in a tight manner.*® Tube retraction may develop in children due to increasing globe
size. Various methods have been used for the managing of tube retraction. Repositioning the whole tube/plate complex
anteriorly, extension of the tube using a 22-gauge intravenous angiocatheter, silastic sleeve or commercially available
AGYV tube extender. “Tube-in-tube” technique and implanting a new AGV implant are the other methods described in the

literature for managing tube retraction.®* 4
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Cataract Formation/Progression

Like trabeculectomy, tube shunt surgery can also cause cataract development and progression. In the AVB study, in 5
years, 26% of the AGV implanted eyes had visually significant cataracts and required cataract surgery.?’ In patients with
GDD, phacoemulsification surgery can disrupt the IOP control.*>*® Optimum timing of cataract surgery after GDD
implantation is not known. Further studies are needed to identify risk factors for GDD failure after cataract surgery.

Strabismus and Diplopia

Diplopia is one of the more debilitating complications after GDD surgery. It is likely due to restrictive strabismus.
The rates of persistent diplopia in AGV implanted eyes were reported as 5% in the AVB study and 12.7% in the ABC
study.?**” Robbins et al*® evaluated 732 patients who underwent AGV implantation retrospectively and they found that

20,87,88

29 patients (4%) developed new-onset strabismus postoperatively and 21 of 29 patients (72%) had diplopia. Exotropia
was the most common type of strabismus in both the superotemporal and superonasal AGV implanted groups.
Kilgore et al** examined the prevalence of diplopia and strabismus in patients implanted with BGI-250, BGI-350 and
AGV-FP7. Diplopia was developed in 22.9% of the AGV implanted eyes and 6.3% and 21% of the BGI-250 and BGI-
350 implanted eyes, respectively. Authors concluded that patients with the larger (BGI-350) or higher profile plate (AGV-
FP7) were more likely to experience diplopia than controls and diplopia was attributable to GDD in ~6% of patients with
either a AGV-FP7 or a BGI-350. As diplopia can affect the quality of life, the risk of diplopia should be discussed with
the patient preoperatively. In GDD implantation superotemporal quadrant is the first preferred location for the implant
placement as there is more space for GDD, surgical access is easy and diplopia risk is relatively low due to the absence of
the oblique muscles. If the superotemporal quadrant is not convenient for tube shunt implantation the superonasal
quadrant can be considered. However, placement of the GDD in the superonasal quadrant may cause acquired Brown
syndrome due to the restriction of the superior oblique muscle.” In eyes with superior conjunctival scarring or the
presence of intraocular silicone oil, AGV should be implanted in the inferior quadrants. If the implant is placed in the
inferotemporal quadrant a large filtering bleb may distort the eyelid. Moreover, diplopia may develop as the inferior
oblique muscle complex lies in the inferotemporal quadrant. Thus, when superior quadrants are not appropriate for GDI

placement the inferonasal quadrant can be chosen.”'*>

Conclusions

Glaucoma drainage devices are typically indicated in eyes with previous failure of glaucoma surgery or eyes with a high
risk of failure after standard filtering surgery. In recent years there is an increasing demand for GDD usage and an Ahmed
glaucoma valve implant is one of the most widely used GDDs worldwide. Due to the valve mechanism AGV seems to be
safer than the other non-valved implants. However, ocular hypotony and related complications can also develop after
AGYV implantation. Tube/plate exposure, hypertensive phase, endophthalmitis, cataract formation and diplopia are the
other complications that can be encountered after AGV implantation. Corneal decompensation is another well-known
potential serious complication. To avoid this, ciliary sulcus implantation of the AGV tube can be considered in eyes with
a high risk of corneal decompensation.

Abbreviations

IOP, intraocular pressure; GDD, glaucoma drainage device; AGV, Ahmed glaucoma valve; BGI, Baerveldt glaucoma
implant; TVT, tube versus trabeculectomy; ABC, Ahmed Baerveldt comparison; AVB, Ahmed versus Baerveldt; HP,
hypertensive phase; MMC, mitomycin-C; 5-FU, 5-Fluorouracil; AMT, amniotic membrane transplantation; PP, pars
plana; AC, anterior chamber; CS, ciliary sulcus; NVG, neovascular glaucoma; STSF, short tunnel small flap; SPG, scleral
patch graft.
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