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Aim: The main indications for Ahmed glaucoma valve (AGV) include neovascular glaucoma, congenital glaucoma, primary open
angle glaucoma and patients with failed previous trabeculectomy. This article aims to investigate the complications of AGV in
Jordanian glaucoma patients and to justify the main risk factors.

Methods: Retrospectively, we report 87 eyes of 83 patients who underwent AGV implantation for different indications. The database
included demographic data, past ocular and medical history, the indication for surgery, the perioperative outcome parameters at
different follow-up visits, and the developed complications at each post-operative visit.

Results: More than half of the patients (54%) were males. The mean age of the patients was 47.4 years. Neovascular glaucoma was
the most common indication for AGV implantation. Valve encapsulation was the most encountered complication. About one quarter of
the eyes at one time underwent valve revision. Younger patients, neovascular glaucoma and congenital glaucoma were associated
significantly with AGV failure and for the need for revision surgery.

Conclusion: AGV is the predominant glaucoma surgery performed in Jordan. Valve encapsulation is the most common complication
for AGV implant in Jordanian patients which may be related to racial and genetic factors. Neovascular glaucoma has a high burden in
Jordan and secondary causes should be controlled adequately.
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Introduction

Glaucoma is defined as a group of diseases characterized by progressive damage (cupping of the optic disc) with
corresponding visual field defects, that happens due to retinal ganglion cell loss. It is a progressive condition and is
the second leading cause of blindness and the most common cause of irreversible blindness worldwide.'* Elevated
intraocular pressure (IOP) is a major risk factor in the pathogenesis of glaucoma and is currently the only modifiable risk
factor.>*

Managing glaucoma primarily depends on lowering IOP to a target level at which no further progression in the
disease is expected,” this target level is called target pressure and depends partially on the stage of glaucomatous damage
in the optic nerve.® Another determination factors for the target IOP include the pretreatment level of IOP, visual field
loss, rate of glaucoma progression, age of the patient, and other risk factors for the development of glaucoma such as
PEX.? Lowering IOP is generally achieved by three main modalities which are medications, laser therapy and surgical
intervention.

Although many new glaucoma surgical procedures are evolving, classical filtration surgery of trabeculectomy is still
the most commonly performed surgical procedure worldwide.” Glaucoma Drainage Devices (GDDs) are traditionally
reserved for high-risk secondary glaucoma or after trabeculectomy failure. However, they are increasingly used as
a primary glaucoma procedure.®

GDDs are divided into two categories, valved or non-valved. The main advantage of the valved devices is the low risk
of hypotony (IOP< 5mmhg) postoperatively.” Ahmed Glaucoma Valve (AGV) (New World Medical, Inc., California,
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USA) is the conventional valved GDD used worldwide. In Jordan, AGV is the only available GDD used to control IOP.
The only available AGV models are the adults FP7 silicone implant and the pediatrics FP8 silicone implants.
Complications of AGV implants have been studied and documented, these include hypotony,'® IOP increase and

12 tube exposure due to conjunctival erosions,'® corneal decompensation and edema,'*

excessive capsule fibrosis,
infection and endophthalmitis,'> diplopia and strabismus'® lens damage and cataract formation'’ tube extrusion,'® tube
migration'? tube blockage by blood, vitreous or iris tissues.*’

In Jordan, complications of AGV have not been studied before. In this study, we report the complications of AGV in
patients who underwent AGV implantation surgery in a tertiary hospital in Jordan. We also compare the rate of these

complications with complications reported in different studies conducted in the USA and in Europe.

Materials and Methods

Patients and Data

The Institutional Review Board (IRB) approval was obtained from Jordan University of Science and Technology. The
study was conducted retrospectively at King Abdullah University Hospital (KAUH), a tertiary ophthalmology center. We
investigated patients who underwent GDD implantation during the period of January 2018 to December 2022. Using the
hospital electronic medical records, demographics data (age, sex), past ocular history, and past medical history were
allocated. Also, the diagnostic indications were studied. Furthermore, the perioperative details, visual outcome and
postoperative complications were assessed.

The study population included all patients who underwent primary GDD for all possible indications. Excluded criteria
comprised patients who have a history of previous glaucoma filtration surgery, who have more than one GDD in the same
eye, other types of GDD other than AGYV, cases of closure angle glaucoma, and patients who missed follow-up. These
excluded criteria may interfere with the statistical results and confer a confounding effect.

Patients were categorized by the indications for 5 groups. The first group included patients who have primary open
angle glaucoma (POAG), which was defined as an optic neuropathy with a high IOP, open, normal appearing anterior
chamber angle and with no other secondary disease. The second group comprised patients with neovascular glaucoma;
either as a result of advanced proliferative diabetic retinopathy (PDR) or ischemic central retinal venous occlusion
(CRVO). The third group included patients with pseudoexfoliation (PEX) glaucoma which was diagnosed as optic nerve
damage, high IOP and the deposition of a protein-like material within the anterior segment of the eye. The fourth group
included congenital and infantile glaucoma, which were diagnosed before the age of 3 years. The last group comprised
other secondary causes of glaucoma.

The studied medical illnesses included diabetes mellitus (DM) with its important control parameters (DM duration,
HbAlc level) and systemic hypertension.

For all patients preoperatively and postoperatively at 1 month, 6 months and at the last follow-up visit, the visual
outcome was compared and studied and the IOP was measured. The mean number of antiglaucoma (AG) medications
was also assessed at all follow-up visits.

Furthermore, postoperative complications were compared and included hypotony, encapsulation, exposure of the
valve, and the need for revision.

Perioperative Setting

All patients underwent comprehensive ophthalmic examinations by a glaucoma consultant or well-trained residents
during the follow-up visits, including best-corrected visual acuity (BCVA), using a Snellen visual acuity chart by decimal
unit. Then, the BCVA was converted to LogMAR visual acuity. For low visual acuities of counting fingers, hand motion,
light perception or “no light perception”, they were converted as LogMAR units of more than 2.0 LogMAR units.
Goldmann applanation tonometer was utilized to measure the intraocular pressure. Slit lamp and indirect biomicroscopes
were used to assess the lens status, anterior segment, and fundus conditions. The appropriate gonio-lens were utilized to
assess the angle structures. Humphrey automated perimetry was applied for most patients to investigate and follow the
visual fields of the patients.
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One consultant glaucoma ophthalmologist performed all operations using one standard technique. AGV device (New
World Medical, Rancho Cucamonga, California, USA) was utilized for all patients. FP7 model for adult patients and FP8
for pediatric patients. General anesthesia was conducted for all patients. The eye was prepped and draped in the usual
sterile ophthalmic fashion. A lid speculum was placed, and the operating microscope was brought into position with the
surgeon seated at the superior position. A 6/0 vicryl clear cornea traction suture was applied superiorly. A fornix-based
conjunctival and tenon capsule flap was created superior-temporally using Westcott scissors followed by blunt dissection
of about 90 degrees. The AGV was then tested for patency and primed through injecting a balanced salt solution until
a jet of fluid existed from the valve outlet. Posterior to the limbus, the plate after that was fixed to the sclera in
approximately 10 mm in adults and 8 mm in children using two interrupted 10/0 nylon sutures. The anterior chamber was
maintained by viscoelastic material. The tube was trimmed to exist 2 mm anterior to the surgical limbus and was cut in
a bevel-up manner to protect from entrapment with iris tissue. After that, a fistula was created into the anterior chamber
through a 23-gauge needle was used to make a tunnel starting 1 mm posterior to the limbus to the anterior chamber, and
the tube was inserted. The tube was then secured by multiple 10/0 nylon sutures and covered by a human pericardium or
donor scleral patch was and sutured to the sclera using 10/0 nylon sutures. The conjunctiva was sutured using interrupted
8/0 vicryl sutures. The anterior chamber was reformed with BSS through a paracentesis tract. Figure 1 demonstrates the
details of AGV implantation.

Statistical Analysis

The IBM SPSS statistical package = v.26 (Armonk, New York, USA) was utilized for the statistical analysis. Nominal
categorical variables (as gender or laterality) were presented as frequency (percentage). The normality of the continuous
variables (as age) was tested through Kolmogorov—Smirnov test and expressed as mean + standard error of the mean
(SEM). Chi-square test was utilized to determine the statistical significance for categorical variables and the ANOVA test
for continuous variables. A simple linear regression test was performed to investigate the association between two
continuous variables. A statistically significant result was considered if P < 0.05.

Figure | The figure shows steps in AGV surgery. (a) Tractional suture with conjunctival dissection. (b) Priming of the AGV. (c) Implantation and suturing of the plate. (d)
Pericardial patch covering. (e) The tube in the anterior chamber.
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Results

General Characteristics

Eighty-seven eyes of 83 patients were included in the study. More than half of the patients (54%) were males. Th mean
age of the patients was 47.4 years. The GDD was implanted in the right eye in 49 (56.3%) of the eyes. Half of the
patients have DM and 42.5% of patients have systemic hypertension.

Neovascular glaucoma was the most common indication for GDD implantation (39 of the eyes; 44.8%). POAG was
the second most indication and the GDD was implanted in 21 of the eyes (24.1%). Congenital glaucoma was the
indicative diagnosis in 12 of the eyes (13.8%) and 3 patients had PEX glaucoma. Table 1 summarizes the general
characteristics of the study population.

Table | General Demographical and Medical Characteristics

Variables Number* Percentage (%)
Mean £ SEM

Sex

Male 47 54

Female 40 46

Age (years) 474 +£24

Side of procedure (laterality)
Right 49 56.3
Left 38 437

Comorbidities

DM 44 50.6
HTN 37 425
HbAIc (%) 85+03

Indication of surgery (type of glaucoma)

POAG 21 24.1
Neovascular 39 44.8
Congenital 12 13.8
PEX 3 34

Other secondary causes 12 13.8

Mean BCVA (LogMAR):

At presentation 1.282 + 0.08
At 6 months postoperative 1.235 £+ 0.09
At last FU visit 1.387 £ 0.1

IOP measurement (mmHg)

At presentation 3L £ 1L
At 6 months postoperative 164 £ 0.8
At last FU visit 16.6 £ 0.8

Mean number of AG use:

At presentation 3.59 £ 0.09
At 6 months postoperative 197 £ 0.1
At last FU visit 267 £0.2
(Continued)
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Table | (Continued).

Variables Number* Percentage (%)
Mean = SEM

Postoperative complications:
Encysted valve 25 28.7
Hypotony 12 13.8
Valve/tube exposure 3 34

Need for revision 21 24.1

Time from operation to revision (weeks) 152 £5.0

Number of FU visits 13.9 £ 09

Note: *N = 87.

Abbreviations: SEM, standard error; POAG, primary open angle glaucoma; PEX, pseudoexfoliation;
BCVA, best corrected visual acuity; IOP, intraocular pressure; FU, follow up; AG, anti-glaucoma agent;
DM, diabetes mellitus; HTN, systemic hypertension.

The mean BCVA was 1.282 LogMAR, 1.235 LogMAR, and 1.387 LogMAR at presentation, 6 months postopera-
tively and at the last follow-up, respectively. In addition, the mean IOP was 31.1 mmHg, 16.4 mmHg, and 16.6 mmHg at
presentation, 6 months postoperatively and at the last follow-up, respectively.

Regarding the postoperative complication, valve encapsulation was the most commonly encountered complication,
which developed in 25 of the eyes (28.7%). Hypotony with its subsequent ocular complications occurred in 12 of the
eyes (13.8%). Moreover, 3 of the eyes had valve exposure. About one-quarter of the eyes at one time underwent valve
revision.

Factors Affecting the Development of Complication

Regarding valve encapsulation, it was found that patients factors, the indications, and the visual outcomes were not
associated with the rate of valve encapsulation. However, valve encapsulation was associated significantly with the need
for revision in about half of the cases. Although it was not significant, the rate of encapsulation was higher in younger.
Table 2 summarizes the factors affecting the occurrence of valve encapsulation.

The need for revision was affected significantly with the age of the patients, the younger the patients, the more the
chance of valve revision. In addition, congenital glaucoma and neovascular glaucoma were the most common type of
glaucoma associated with valve revision. Moreover, the higher the readings of IOP were correlated with the higher
chance of the need for revision. Table 3 summarizes the factors affecting the need for valve revision.

Table 2 Factors Affecting the Development of Certain Complications (Encysted Valve)

Variables Number (Percentage)* or Mean * SEM**
Encysted Valve No Encysted Valve P-value
N=25 N= 62
Sex
Male 13 (52.0) 34 (54.8) NS
Female 12 (48.0) 28 (45.2)
Age (years) 473 £ 34 474 £ 3.0 NS
Side of procedure (laterality)
Right (OD) 15 (60.0) 34 (54.8) NS
Left (OS) 10 (40.0) 28 (45.2)
(Continued)
Clinical Ophthalmology 2024:18 https: 3585

Dove!


https://www.dovepress.com
https://www.dovepress.com

Alqudah et al

Dove

Table 2 (Continued).

Variables Number (Percentage)* or Mean * SEM**
Encysted Valve No Encysted Valve P-value
N=25 N= 62
Comorbidities
DM Il (44.0) 33 (53.2) NS
HTN 12 (48.0) 25 (40.3) NS
HbAIlc (%) 8015 8703 NS
Indication of surgery (type of glaucoma)
POAG 8 (32.0) 13 (21.0) NS
Neovascular Il (44.0) 28 (45.2)
Congenital 2 (8.0) 7 (11.3)
PEX 0 (0.0 3 (48)
Other secondary causes 4 (16.0) I (17.7)
Mean BCVA (LogMAR):
At presentation 1.196 £ 0.14 1213 £ 0.2 NS
At 6 months postoperative 1.018 £ 0.18 1.091 £ 0.1 NS
At last FU visit 1.095 + 0.16 I.101 £ 0.1 NS
IOP measurement (mmHg)
At presentation 326+ 1.2 305 % I.1 NS
At 6 months postoperative 174 £ 0.9 16.0 + 0.9 NS
At last FU visit 187 1.5 156 + 1.0 NS
Mean number of AG use:
At presentation 3.7+07 3501 NS
At 6 months postoperative 25+04 1.7 £0.2 0.04
At last FU visit 3.1 £06 24+02 0.008
Need for revision 13 (52.0) 8 (12.9) 0.001
Time from operation to revision (weeks) 9.1 12 223 +28 NS
Number of FU visits 148 + 6.1 135+ 1.2 NS

Notes: *Chi-square test. **ANOVA test.

Abbreviations: SEM, standard error; POAG, primary open angle glaucoma; PEX, pseudoexfoliation; BCVA, best corrected visual acuity; IOP,
intraocular pressure; FU, follow up; AG, anti-glaucoma agent; DM, diabetes mellitus; HTN, systemic hypertension.

Table 3 Factors Affecting the Need for Revision

Variables Number (Percentage)* or Mean * SEM**
Need for Revision No Need for Revision P-value
N=21 N=66
Sex
Male 8 (38.1) 39 (59.1) NS
Female 13 (61.9) 27 (40.9)
Age (years) 367 £ 48 50.7 £ 2.6 0.011
Side of procedure (laterality)
Right (OD) 12 (57.1) 37 (56.1) NS
Left (OS) 9 (42.9) 29 (43.9)
(Continued)
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Table 3 (Continued).

Variables Number (Percentage)* or Mean * SEM**
Need for Revision No Need for Revision P-value
N=21 N=66

Comorbidities

DM 7 (33.3) 37 (56.1) NS
HTN 7 (33.3) 30 (45.5) NS
HbAlc 8.50 + 0.8 8.4 +03 NS

Indication of surgery (type of glaucoma)

POAG 5(23.8) 16 (24.2) 0.049
Neovascular 8 (38.1) 31 (47.0)

Congenital 6 (28.6) 7 (10.6)

PEX 0 (0.0 3 (4.5)

Other secondary causes 2 (9.5) 9 (13.6)

Mean BCVA (LogMAR):

At presentation 1213 £0.2 1.201 £ 0.1 NS
At 6 months postoperative 1.000 £ 0.1 1.091 £0.2 NS
At last FU visit 1.153 £ 0.2 1.178 £ 0.1 NS

IOP measurement (mmHg)

At presentation 350 I.1 298 + 1.2 0.039
At 6 months postoperative 162 + 1.2 16.5 + 0.9 NS
At last FU visit 218 1.7 14.6 £ 0.7 0.001

Mean number of AG use:

At presentation 3402 3.6 £0.1 NS
At 6 months postoperative 26 +£03 1.8+0.3 NS
At last FU visit 33+£02 24+02 0.019

Postoperative complications:

Encysted valve 13 (61.9) 12 (18.2) 0.0001
Hypotony 2 (9.5) 10 (15.2) NS
Number of FU visits 16.3 + 1.8 13.1 £ 1.1 NS

Notes: *Chi-square test. **ANOVA test.
Abbreviations: SEM, standard error; POAG, primary open angle glaucoma; PEX, pseudoexfoliation; BCVA, best corrected visual acuity; IOP,
intraocular pressure; FU, follow up; AG, anti-glaucoma agent; DM, diabetes mellitus; HTN, systemic hypertension.

Discussion
This is the first study in Jordan conducted to assess the clinical practice of AGV implantation and factors affecting the
development of complications. There is an increasing trend towards using glaucoma drainage implants compared to
trabeculectomy,® this is partly because of less postoperative follow-up visits needed and more predictable postoperative
course.”’ AGV is available in Jordan, and it is increasingly used. Main indications for AGV in Jordan include
neovascular glaucoma, congenital glaucoma, POAG and patients with failed previous trabeculectomy. However, many
glaucoma surgeons in Jordan are increasingly using AGV instead of trabeculectomy in almost every type of glaucoma
especially during the era of COVID-19 pandemic where access to the health system and the postoperative frequent
follow-up visits required for trabeculectomy patients were very limited.

AVG influences the aqueous flow by placing a tube between the conjunctiva and sclera. Theoretically, due to the
inclusion of a restrictive valve-like device, the AGV implant has the significant benefit of controlling early postoperative
TOP and reducing the risk of hypotony compared to trabeculectomy.”?> AGV implantation is a procedure that has been

Clinical Ophthalmology 2024:18 heeps: 3587

Dove:


https://www.dovepress.com
https://www.dovepress.com

Alqudah et al Dove

performed by glaucoma surgeons in Jordan for more than 15 years. However, complications of AGV in Jordan were not
studied before, and our report represents the first manuscript to study the complications of AGV in Jordanian patients.
Although we found similar complications to what has been reported in literature, the rate of some of these complications
relatively differed.

Our results showed comparable rates of hypotony, and tube-related defects to reports found in literature for these
complications in patients in the USA and Europe.”® However, we found a relatively higher rate of bleb encapsulation and
a significantly lower rate of tube erosion in Jordanian patients. We believe these differences are related to genetic and
racial differences in conjunctival thickness. Valve encapsulation by Tenon’s cyst develops when Tenon’s capsule adheres
to the episclera forming a high, domed, smooth, two-layered bleb.* The encapsulated cyst is resistant to aqueous humor
outflow, which results in elevation of IOP.

Conjunctival and tenons capsule thickness was previously studied using optical coherence tomography.>*® It was
found that older patients showed significantly lower conjunctival and tenons thickness than younger patients, which
could influence the final bleb morphology and may predict the risk of bleb encapsulation and failure or thin avascular
blebs in trabeculectomy. The age-related thinning in conjunctiva was attributed to many factors including the decline in
metabolic function of the epithelia, conjunctival inflammation and the reduction in the diameter of subepithelial fibers of
the conjunctiva.”’ Young patients in our report have relatively higher risk of bleb encapsulation, and based on the
previous findings that young patients have thicker conjunctiva and tenons capsule, we believe that our findings of
significantly higher rate of bleb encapsulation and significantly lower rate of tube erosions after AGV implant in
Jordanian patients compared to previous reports in patients of Caucasian ancestry is related to genetic and racial
differences in conjunctiva and tenons thickness.”* However, this needs to be further studied and investigated.

The rate of post-AGV implantation hypotony was reported from 1% to 37%. Even AGV is a valved shunt device,
many mechanisms explain the hypotony and include decrease in aqueous production due to ciliary body shutdown,
choroidal effusion, over-priming of the tube with valve failure, and secondary routes of outflow of aqueous humor around
the silicone tube. Hypotony may be complicated by choroidal effusion, hypotony maculopathy, and shallow or flat
anterior chamber. Accordingly, partial ligation of the tube with sutures can be addressed intraoperatively to prevent early
ocular hypotony.”® Fortunately, we have 12 cases of postoperative hypotony without significant sequelae and improved
with conservative management.

A study by Netland indicates that neovascular glaucoma patients have greater risk of surgical failure after Ahmed
glaucoma valve surgery compared with controls. Despite improved mean IOP with drainage implants, visual outcomes
may be poor, possibly due to progression of underlying disease.”” A study by WuDunn et al in a group of 108 eyes
treated with the Baerveldt implant found neovascular glaucoma patients significantly more likely to fail due to elevated
TOP*° These results are consistent with our results in the higher failure rate in neovascular glaucoma.

Another form of GDDs is the non-valved device. In non-valved GDD, a temporary limitation for outflow of aqueous
by tube ligation (either internal or external) is carried out until encapsulation or adhesions around plate develops. This
technique permits resistance to aqueous outflow and thus decreases the risk of hypotony. The non-valved implants are
Molteno, Baerveldt types of GDD.>'”? A comparative study between these types of GDD was conducted by
Rojananuangnit et al.>* They compared the surgical outcomes of AGV, Baerveldt glaucoma implants, and Aurolab
implants, and they found that the rate of complications was not different between valved and non-valved GDD.
Neovascular glaucoma and lens-induced glaucoma were an independent factor for surgical failure.>® The Ahmed
Baerveldt Comparison study reported that failure and complications as hypotony, explantation, and loss of light
perception was found more in the Baerveldt glaucoma implants than in the AGV, while they reported no significant
difference in surgical success rates between both types at five years.”*

Conclusions

GDDs are typically indicated in eyes with a high risk of failure after standard filtering surgery, previous failure of
glaucoma surgery or in situations where the follow-up visits may be affected. AGV implant is one of the most widely
used GDDs worldwide. This is the first study to investigate the clinical practice of AGV implant in Jordanian population.
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It indicates that neovascular glaucoma is the most common indication in Jordan. This type of glaucoma is highly

associated with failure and needs revision surgery. Valve encapsulation is the most encountered complication.

Data Sharing Statement

The datasets generated and analyzed during the current study are available from the corresponding author.

Ethical Approval
This research was approved by the IRB at Jordan University of Science and Technology and King Abdullah University

Hospital, Irbid, Jordan (420/2018). This study has been performed in accordance with the ethical standards laid down in

the 1964 Declaration of Helsinki and its later amendment. The authors confirm that the patients’ privacy was saved, and

the data was anonymized and kept confidential. The IRB waived the need for consent due to the study’s retrospective

nature.

Consent for Publication
Written informed consent was obtained from the patient with demonstrated figure.

Funding

The authors have not declared any grant for this work from any funding authority.

Disclosure
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this

article.

References

—_

. Tham Y-C, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence of glaucoma and projections of glaucoma burden through 2040:

a systematic review and meta-analysis. Ophthalmology. 2014;121:2081-2090. doi:10.1016/j.ophtha.2014.05.013

2. Kingman S. Glaucoma is second leading cause of blindness globally. Bull World Health Organ. 2004;82:887—-888.
3. Ofri R. Intraocular pressure and glaucoma. Vet Clin North Am Exot Anim Pract. 2002;5:391-406. doi:10.1016/S1094-9194(01)00004-4
4. Coleman AL, Kodjebacheva G. Risk factors for glaucoma needing more attention. Open Ophthalmol J. 2009;3:38-42. doi:10.2174/
1874364100903020038
5. Popovi¢-Sui¢ S, Siki¢ J, Vukojevi¢ N, Cerovski B, Nasi¢ M, Pokupec R. Target intraocular pressure in the management of glaucoma. Coll Antropol.
2005;29(Suppl 1):149-151.
6. Sihota R, Angmo D, Ramaswamy D, Dada T. Simplifying “target” intraocular pressure for different stages of primary open-angle glaucoma and
primary angle-closure glaucoma. Indian J Ophthalmol. 2018;66(4):495-505. doi:10.4103/ijo.1JO_1130_17
7. Husain R. The management of patients with cataracts and medically uncontrolled glaucoma. Med Hypothesis Discov Innov Ophthalmol.
2014;3:20-30.
8. Gedde SJ, Schiffman JC, Feuer WJ, Herndon LW, Brandt JD, Budenz DL. Treatment outcomes in the tube versus trabeculectomy (TVT) study after
five years of follow-up. Am J Ophthalmol. 2012;153(5):789-803. doi:10.1016/j.2j0.2011.10.026
9. Stamper R, Lieberman M, Drake M. Glaucoma outflow procedures. In: Stamper R, Lieberman M, Drake M, editors. Becker-Shaffer's Diagnosis
and Therapy of the Glaucomas. 8th ed. Edinburgh, Scotland, UK: Elsevier Inc.; 2009:466—490.
10. Budenz DL, Feuer WJ, Barton K, et al. Ahmed Baerveldt Comparison Study Group Postoperative complications in the Ahmed Baerveldt
comparison study during five years of follow-up. Am J Ophthalmol. 2016;163:75.73-82. doi:10.1016/j.aj0.2015.11.023
11. Coleman AL, Hill R, Wilson MR, et al. Initial clinical experience with the Ahmed glaucoma valve implant. Am J Ophthalmol. 1995;120:23-31.
doi:10.1016/S0002-9394(14)73755-9
12. Nouri-Mahdavi K, Caprioli J. Evaluation of the hypertensive phase after insertion of the Ahmed glaucoma valve. Am J Ophthalmol.
2003;136:1001-1008. doi:10.1016/S0002-9394(03)00630-5
13. Byun YS, Lee NY, Park CK. Risk factors of implant exposure outside the conjunctiva after Ahmed glaucoma valve implantation. Jpn
J Ophthalmol. 2009;53:114—-119. doi:10.1007/s10384-008-0630-y
14. Wilson MR, Mendis U, Paliwal A, Haynatzka V. Long-term follow-up of primary glaucoma surgery with Ahmed glaucoma valve implant versus
trabeculectomy. Am J Ophthalmol. 2003;136:464—470. doi:10.1016/S0002-9394(03)00239-3
15. Al-Torbak AA, Al-Shahwan S, Al-Jadaan I, Al-Hommadi A, Edward DP. Endophthalmitis associated with the Ahmed glaucoma valve implant. Br
J Ophthalmol. 2005;89:454-458. doi:10.1136/bj0.2004.049015
16. Ayyala RS, Zurakowski D, Smith JA, et al. A clinical study of the Ahmed glaucoma valve implant in advanced glaucoma. Ophthalmology.
1998;105:1968-1976. doi:10.1016/S0161-6420(98)91049-1
17. Djodeyre MR, Peralta Calvo J, Abelairas Gomez J. Clinical evaluation and risk factors of time to failure of Ahmed Glaucoma Valve implant in
pediatric patients. Ophthalmology. 2001;108:614-620. doi:10.1016/S0161-6420(00)00603-5
Clinical Ophthalmology 2024:18 htps: 3589

Dove:


https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1016/S1094-9194(01)00004-4
https://doi.org/10.2174/1874364100903020038
https://doi.org/10.2174/1874364100903020038
https://doi.org/10.4103/ijo.IJO_1130_17
https://doi.org/10.1016/j.ajo.2011.10.026
https://doi.org/10.1016/j.ajo.2015.11.023
https://doi.org/10.1016/S0002-9394(14)73755-9
https://doi.org/10.1016/S0002-9394(03)00630-5
https://doi.org/10.1007/s10384-008-0630-y
https://doi.org/10.1016/S0002-9394(03)00239-3
https://doi.org/10.1136/bjo.2004.049015
https://doi.org/10.1016/S0161-6420(98)91049-1
https://doi.org/10.1016/S0161-6420(00)00603-5
https://www.dovepress.com
https://www.dovepress.com

Alqudah et al Dove

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

29.
30.

31.
32.

33.

34.

Al-Mobarak F, Khan AO. Two-year survival of Ahmed valve implantation in the first 2 years of life with and without intraoperative mitomycin-C.
Ophthalmology. 2009;116:1862—1865. doi:10.1016/j.0phtha.2009.03.030

Coleman AL, Smyth RJ, Wilson MR, Tam M. Initial clinical experience with the Ahmed glaucoma valve implant in pediatric patients. Arch
Ophthalmol. 1997;115:186—191. doi:10.1001/archopht.1997.01100150188007

Sarkisian SR Jr. Tube shunt complications and their prevention. Curr Opin Ophthalmol. 2009;20(2):126-130. doi:10.1097/ICU.0b013¢328323d519
Ramulu PY, Corcoran KJ, Corcoran SL, Robin AL. Utilization of various glaucoma surgeries and procedures in medicare beneficiaries from 1995
to 2004. Ophthalmology. 2007;114(12):2265-2270. doi:10.1016/j.0phtha.2007.02.005

Alvarado JA, Hollander DA, Juster RP, Lee LC. Ahmed valve implantation with adjunctive mitomycin C and 5-fluorouracil: long-term outcomes.
Am J Ophthalmol. 2008;146(2):276-284. doi:10.1016/j.2j0.2008.04.008

Eibschitz-Tsimhoni M, Schertzer RM, Musch DC, Moroi SE. Incidence and management of encapsulated cysts following Ahmed glaucoma valve
insertion. J Glaucoma. 2005;14(4):276-279. doi:10.1097/01.1jg.0000169391.94555.c1

Ayyala RS, Layden WE, Slonim CB, Margo CE. Anatomic and histopathologic findings following a failed Ahmed glaucoma valve device.
Ophthalmic Surg Lasers. 2001;32(3):248-249. doi:10.3928/1542-8877-20010501-14

Howlett J, Vahdani K, Rossiter J. Bulbar conjunctival and tenon\’s layer thickness measurement using optical coherence tomography. J Curr
Glaucoma Pract. 2014;8(2):63—66. doi:10.5005/jp-journals-10008-1163

Chiba T, Takahashi H, Chiba N, Iijima H. In vivo thickness measurements of conjunctiva and tenon’s capsule with optical coherence tomography in
healthy subjects. Invest Ophthalmol Vis Sci. 2014;55:4873. doi:10.1167/i0vs.14-14494

Zhang XR, Zhang ZY, Hoffman MR. Conjunctival thickness measured by optical coherence tomography. Ophthalmology. 2013;120:1305.
doi:10.1016/j.0ophtha.2012.12.031

Arikan G, Gunenc U. Ahmed glaucoma valve implantation to reduce intraocular pressure: updated perspectives. Clin Ophthalmol.
2023;17:1833-1845. doi:10.2147/OPTH.S342721

Netland PA The Ahmed glaucoma valve in neovascular glaucoma (An AOS Thesis). Trans Am Ophthalmol Soc 2009; 107:325-342.

WuDunn D, Phan A-D, Cantor LB, Lind JT, Cortes A, Wu B. Clinical experience with the Baerveldt 250-mm2 implant. Ophthalmology.
2006;113:766—-772. doi:10.1016/j.ophtha.2006.01.049

Agrawal P, Bhardwaj P. Glaucoma drainage implants. Int J Ophthalmol. 2020;13:1318-1328. doi:10.18240/ij0.2020.08.20

Schwartz KS, Lee RK, Gedde SJ. Glaucoma drainage implants: a critical comparison of types. Curr Opin Ophthalmol. 2006;17(2):181-189.
doi:10.1097/01.icu.0000193080.55240.7¢

Rojananuangnit K, Jiaranaisilawong P, Rattanaphaithun O, Sathim W. Surgical outcomes of glaucoma drainage device implantation in refractory
glaucoma patients in Thailand. Clin Ophthalmol. 2022;16:4163-4178.

Budenz DL, Barton K, Gedde SJ, et al. Five-year treatment outcomes in the Ahmed baerveldt comparison study. Ophthalmology. 2015;122
(2):308-316. doi:10.1016/j.0ophtha.2014.08.043

Clinical Ophthalmology Dove

Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry;
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

3590 Fl ¥ jn @ Do Clinical Ophthalmology 2024:18


https://doi.org/10.1016/j.ophtha.2009.03.030
https://doi.org/10.1001/archopht.1997.01100150188007
https://doi.org/10.1097/ICU.0b013e328323d519
https://doi.org/10.1016/j.ophtha.2007.02.005
https://doi.org/10.1016/j.ajo.2008.04.008
https://doi.org/10.1097/01.ijg.0000169391.94555.c1
https://doi.org/10.3928/1542-8877-20010501-14
https://doi.org/10.5005/jp-journals-10008-1163
https://doi.org/10.1167/iovs.14-14494
https://doi.org/10.1016/j.ophtha.2012.12.031
https://doi.org/10.2147/OPTH.S342721
https://doi.org/10.1016/j.ophtha.2006.01.049
https://doi.org/10.18240/ijo.2020.08.20
https://doi.org/10.1097/01.icu.0000193080.55240.7e
https://doi.org/10.1016/j.ophtha.2014.08.043
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Patients and Data
	Perioperative Setting
	Statistical Analysis

	Results
	General Characteristics
	Factors Affecting the Development of Complication

	Discussion
	Conclusions
	Data Sharing Statement
	Ethical Approval
	Consent for Publication
	Funding
	Disclosure

