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Purpose: To study the surgical outcomes of glaucoma drainage device (GDD) implantation in refractory glaucoma patients.
Patients and Methods: Retrospective chart review of glaucoma patients undergoing GDD implantation, Ahmed glaucoma valve
(AGV), Baerveldt glaucoma implants (BGI), and Aurolab aqueous drainage implantation (AADI) from January 2012 to June 2021.
Glaucoma patients were classified into two groups: primary glaucoma including: primary open angle glaucoma (POAG), primary
angle closure glaucoma (PACG) and juvenile open angle glaucoma (JOAG) and secondary glaucoma including: neovascular glaucoma
(NVG), ocular surgery (vitreoretinal surgery, scleral buckling procedure, postoperative extra capsular cataract extraction, scleral
fixation intraocular lens, penetrating keratoplasty), intraocular trauma, uveitis glaucoma, lens-induced glaucoma, pseudoexfoliation
glaucoma (PXG), iridocorneal endothelial (ICE) syndromes and Axenfeld Rieger Syndrome. Surgical outcomes were studied.
Results: Primary glaucoma included 57 eyes from 49 patients. Secondary glaucoma included 87 eyes from 85 patients. The
cumulative probability of complete or qualified success of refractory glaucoma patients at five years were 53.4% (95%CI: 38.4%,
66.3%). Higher success rate was discovered in primary glaucoma at 65.8% (95%CI: 38.4%, 83.3%) than 45.2% (95%CI: 26.9%,
61.9%) in secondary glaucoma group significantly with p=0.003. While the results among success rate, adverse events and complica-
tions was not different between types of GDD. Predictors for failure were neovascular glaucoma with unadjusted hazard ratio (HR)
3.62 (95%CI: 1.45, 9.04) with p=0.006, and lens-induced glaucoma with adjusted HR 4.19 (95%CI: 1.10, 15.86) with p=0.035 in
multivariable analysis. Tube malposition and occlusion were the most frequent adverse events at 11.11%, corneal decompensation at
5.5%, hypotony at 2% in the nonvalved group, and endophthalmitis at 0.69%.

Conclusion: Surgical success in refractory primary glaucoma was superior to secondary glaucoma with no difference between
nonvalved and valved GDD implantation. Lens-induced glaucoma was a strong predictor for failure in GDD implantation.
Keywords: glaucoma drainage device, primary glaucoma, refractory glaucoma, secondary glaucoma

Introduction

Glaucoma drainage device (GDD) implantation was considered as a surgical procedure in medically uncontrolled
intraocular pressure glaucoma in certain complicated conditions, for example, failed trabeculectomy,' postoperative
vitreoretinal surgery,” postoperative surgery that compromised conjunctiva, postoperative corneal transplantation,’
traumatic glaucoma, and refractory neovascular glaucoma.* GDD implants were classified into valved GDD, the
Ahmed glaucoma valve (AGV), nonvalved GDD, the Baerveldt® Glaucoma Implants (BGI), and the Aurolab aqueous
drainage implant (AADI). Surgical outcomes in different types of device and the various etiologies of glaucoma were not
similar.””” Most short and intermediate outcomes with valved and nonvalved GDDs were comparable in Asian and non-
Asian eyes. Except postoperative bleb encapsulation with the AGV occurred more frequently in Asian eyes and the
proper size of the BGI plate area for Asian eyes were reported.®* ' Previously in Thailand, GDD was reserved for
refractory glaucoma cases such as multiple ocular surgery and failed trabeculectomy. The economic reason was the price

Clinical Ophthalmology 2022:16 41634178 4163
Received: 19 October 2022 © 2022 Rojananuangnit et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.
AT com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3. 0) License (http://creati li /b By

Accepted: 6 December 2022
Published: 14 December 2022

B
accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-5459-5562
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Rojananuangnit et al Dove

of GDD that was only reimbursed in the civil servants’ medical benefits and self-paid schemes. Consequently, GDD
implantation procedures were not widely performed in Thailand. Fortunately, the GDD was added to the universal health
coverage health benefit device list in 2020 and was also covered in social security scheme reimbursement in 2022. This
study provided surgical outcomes of GDD implantation in uncontrolled IOP, refractory glaucoma patients in both
primary glaucoma and secondary glaucoma etiologies in terms of success and failure rates in different types of GDD,
factors associated with failure, and adverse events and complications. These results would be of benefit in reconsidering
the application of the GDD in glaucoma practice and correctly prognostic counseling to refractory glaucoma patients.

Material and Methods

This was a retrospective study which adhered to the tenets of the Declaration of Helsinki and was approved by the
Mettapracharak (Wat Rai Khing) Research Ethics Committee in accordance with the International Conference on
Harmonization of Good Clinical Practice (ICH-GCP) COA No. 008/2565. The requirement for consent had been waived
by an ethics committee because all data acquired was kept anonymized. Medical records of all glaucoma patients
undergoing GDD implantation from January 2012 to June 2021 were reviewed, and all privacy data that could reveal the
identity of the patients including hospital number, name, and date of birth were masked and kept confidentially in
compliance with the Declaration of Helsinki.

Demographic data were collected, for example, age, sex, underlying diseases, etiology, and type of glaucoma,
previous medical, laser and surgical history, and type of glaucoma drainage devices. Baseline and follow-up data were
gathered, such as LogMAR visual acuity, intraocular pressure (IOP), number of antiglaucoma medications, laser and
surgical procedure postoperatively. Adverse events, complications, and further laser and surgical management were also
recorded. Ocular parameters preoperatively and follow-up appointments were collected, for example, visual field test:
mean deviation (MD), pattern standard deviation (PSD) and visual field index (VFI), optical coherence tomography
(OCT) of the peripapillary retinal nerve fiber layer (RNFL) parameters, and vertical cup to disc ratio (VCDR). Following
the retrospective review all data of patients were censored until they were lost to follow-up or died.

Glaucoma patients were categorized following the etiology and type of glaucoma into two2 groups; primary
glaucoma including primary open angle glaucoma (POAG), primary angle closure glaucoma (PACG) and juvenile
open angle glaucoma (JOAG) and secondary glaucoma including neovascular glaucoma (NVG), ocular surgery (vitreor-
etinal surgery, scleral buckling procedure, postoperative extra capsular cataract extraction, scleral fixation intraocular
lens, penetrating keratoplasty), intraocular trauma, uveitis glaucoma, lens-induced glaucoma, pseudoexfoliation glau-
coma (PXG) and other glaucoma (iridocorneal endothelial (ICE) syndromes and Axenfeld Rieger Syndrome). GDD was
divided into two groups: valved GDD comprising the Ahmed glaucoma valve (AGV) (New World Medical, Inc., Rancho
Cucamonga, CA) model FP7 with surface area of 184 mm?, and nonvalved GDD including Baerveldt® Glaucoma
Implants (Abbott Medical Optics, Abbott Park, IL) model BG 103-250 with surface area of 250 mm? and model BG
101-350 with surface area of 350 mm?, and the Aurolab aqueous drainage implant (AADI) (Aurolab, Madurai, India)
with surface area of 350 mm?” and trimmed plate to downsize the surface area to 250 mm?.

Surgical outcomes were divided into three categories by the range of IOP postoperatively: complete success (IOP
range 6—20 mmHg or IOP decrease from baseline by 30%), qualified success (IOP range 6—20 mmHg or IOP decrease
from baseline by 30% with antiglaucoma medication), and failure (IOP below 6 mmHg or higher than 21 mmHg even
with antiglaucoma medication and loss of light perception of vision).

Statistical Analysis
Demographic data and ocular characteristics were presented by descriptive statistics: continuous variables as the mean
and standard deviation (SD), and categorical variables as frequency and percentage.

Chi-squared test and Fisher’s exact test for categorical data were performed to compare the categorical data while the
unpaired #-test and Mann—Whitney U-test were used for continuous data to compare between primary glaucoma and
secondary glaucoma groups and between different type of GDD. Success rates from primary and secondary glaucoma
were analyzed by Kaplan—Meier Curve analysis and comparisons between groups with the log rank test. Factors
associated with surgical failure were analyzed by Cox regression analysis both with univariable and multivariable
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analysis, and reported by hazard ratio. Factors associated with adverse effects and complications were analyzed by
multiple logistic regression and were reported by odds ratio. A p-value less than 0.05 was considered statistically
significant. All statistical analyses were performed with PASW Statistics (SPSS) 28.0 (SPSS Inc., Chicago, IL, USA).

Results

There were 144 eyes from 134 glaucoma patients included in this study, which were categorized into a primary glaucoma
group (57 eyes from 49 patients including primary open angle glaucoma (POAG) with 41 eyes, primary angle closure
glaucoma (PACG) with six eyes and juvenile open angle glaucoma (JOAG) with 10 eyes and a secondary glaucoma
group (87 eyes from 85 patients, including neovascular glaucoma (NVG) with 46 eyes, ocular surgery (vitreoretinal
surgery, scleral buckling procedure, postoperative extra capsular cataract extraction, scleral fixation intraocular lens,
penetrating keratoplasty) with 14 eyes, intraocular trauma with 10 eyes, uveitis glaucoma with seven eyes, lens-induced
glaucoma with six eyes, pseudoexfoliation glaucoma (PXG) with two eyes) and other glaucoma (iridocorneal endothelial
(ICE) syndromes and Axenfeld Rieger Syndrome) with two eyes. The average age between groups was similar: the mean
age was 55.6+14.2 years old in the primary glaucoma group and 52.24+52.8+14.2 in the secondary glaucoma group,
p=0.277. Baseline characteristics between primary and secondary glaucoma groups were as follows: the primary
glaucoma group had better mean visual acuity, 0.74+0.79 logMAR vs 1.63£0.82 logMAR, p<0.001. The secondary
glaucoma group had higher preoperative mean IOP, 30.6+11.6 mmHg vs 22.9+7.4 mmHg, p<0.001. Visual field
parameters were not different between groups and both groups were classified as advanced glaucoma staging following
from mean deviation (MD) —18.7£11.9 dB in primary glaucoma and —20.9+10.7 db in secondary glaucoma while more
advanced optic nerve damage, larger vertical cup to disc ratio (VCDR), and thinner OCT retinal nerve fiber layer
thickness (RNFL) were observed in the primary glaucoma group (OCT RNFL: 64.6+13.0 vs 76.1£24.3 um, p=0.044,
VCDR: 0.87+0.13 vs 0.81+0.18, p=0.031). Diabetes mellitus as an underlying diseases was found in 39 patients (45.9%)
in the secondary glaucoma group which was more than in the primary glaucoma group. Ocular underlying diseases
causing secondary glaucoma were proliferative diabetic retinopathy in 34 eyes (39.1%), tractional retinal detachment in
eight eyes (9.2%), rhegmatogenous retinal detachment in 13 eyes (14.9%), central retinal vein occlusion in 10 eyes
(11.5%) and previous trauma in seven eyes (8.0%). Preoperative average antiglaucoma medication numbers between the
two groups were not different, four types of medication, p=0.491. The primary glaucoma group had longer duration of
treatment at an average of 48 months compared with 10 months in the secondary group, p<0.001. Patients in the primary
glaucoma group had undergone trabeculectomy in 73.7% of cases compared with 34.5% of patients in the secondary
glaucoma group, p<0.001. Pan retinal photocoagulation (PRP) and pars planar vitrectomy were performed more often in
the secondary glaucoma group than in the primary glaucoma group, and were correlated with ocular diseases and
glaucoma etiologies; for example, proliferative diabetic retinopathy, tractional retinal detachment, central retinal vein
occlusion, neovascular glaucoma and postoperative intraocular surgery. The AGV were implanted more often in the
secondary glaucoma group, at 66.7%, than in the primary glaucoma group, at 36.8%, p=0.014 (Table 1).

At the five-year follow-up, the cumulative probability of complete or qualified success in GDD implantation was
53.4% (95%CI: 38.4%, 66.3%) in total refractory glaucoma patients. Comparing between glaucoma etiology, primary
glaucoma had significantly higher success than secondary glaucoma at 65.8% (95%CI: 38.4%, 83.3%) vs 45.2% (95%CI:
26.9%, 61.9%) with log rank test p=0.003. (Figure 1) Overall complete success, qualified success and failure in each
follow-up year were following, at one year: 9.7%, 66.0% and 24.3%, at two years: 14.7%, 67.6% and 17.6%, at three
years: 18.2%, 66.7% and 15.2%, at four years: 9.5%, 76.2% and 14.3%, at five years: 15.4%, 69.2% and 2%, respectively
(Table 2).

The cumulative probability of complete or qualified success comparing between the AGV and nonvalved GDD were
not different as follows, the AGV was 40.1% (95%CI: 15.8%, 63.5%) vs nonvalved GDD was 64.0% (95%CI: 43.8%,
78.6%) with log rank test p=0.131. (Figure 2) When comparing between different types of GDD and different glaucoma
etiology, in the primary glaucoma group; the AGV vs nonvalved GDD were 35.7% (95%CI: 1.5%, 77.7%) vs 76.5%
(95%CI: 48.6%, 90.6%), p=0.665 and in secondary glaucoma group; the AGV vs nonvalved GDD were 47.2% (95%CTI.:
28.3%, 64.0%) vs 49.7% (95%CI: 21.9%, 72.4%), p=0.586, respectively (Table 3).
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Table | Baseline Characteristic and Demographic Data Between Primary and Secondary Glaucoma

Primary Secondary p-value®
Glaucoma Glaucoma
Number of Eyes/Patients 57149 87/85
Primary glaucoma
Primary open angle glaucoma (POAG) 41, juvenile open angle glaucoma (JOAG) 10, primary angle closure glaucoma
(PACG) 6
Secondary glaucoma
Neovascular glaucoma (NVG) 46, ocular surgery (ECCE, vitreoretinal surgery) 14, intraocular trauma 10, uveitis
glaucoma 7, lens-induced glaucoma 6, pseudoexfoliation glaucoma (PXG) 2, other (ICE Syndrome and Axenfeld Rieger) 2
Age (years) 55.6+14.2 52.8+14.2 0.277
Female 21 (42.9%) 27 (31.8%) 0.197
Male 28 (57.1%) 58 (68.2%)
Preoperative data
Visual acuity (LogMAR) 0.74%0.79 1.63+0.82 <0.001*
Intraocular pressure (IOP) mmHg 22.9+7.4 30.6x11.6 <0.001*
Visual field parameter
Mean deviation (MD) dB —18.7£11.9 —20.9£10.7 0.584
Pattern standard deviation (PSD) dB 6.9+3.4 5.0+2.5 0.096
Visual field index (VFI) % 51.2+36.6 40.2+37.7 0.400
OCT RNFL (um) 64.6+13.0 76.1£24.3 0.044*
Vertical cup to disc ratio (VCDR) 0.87+0.13 0.81£0.18 0.031*
Ocular diseases
Proliferative diabetic retinopathy 0 (0.0%) 34 (39.1%) <0.001*
Tractional retinal detachment 0 (0 0%) 8 (9.2%) 0.022%*
Rhegmatogenous retinal detachment (3.5%) 13 (14.9%) 0.028*
Central retinal vein occlusion 0 (0.0%) 10 (11.5%) 0.006*
Previous trauma 0 (0.0%) 7 (8.0%) 0.042*
Underlying disease
Diabetes mellitus 8 (16.3%) 39 (45.9%) 0.001*
Hypertension 17 (34.7%) 43 (50.6%) 0.075
Dyslipidemia 10 (20.4%) 26 (30.6%) 0.200
Chronic kidney disease 0 (0.0%) 6 (7.1%) 0.085
History of antiglaucoma medication
Duration of antiglaucoma eye drop uses (months) 48 (1, 372) 10 (1, 120) <0.001*
No. of previous medication 4.0£0.9 4.1£0.9 0.491
Prostaglandin analogues 54 (94.7%) 79 (90.8%) 0.527
Beta-blockers 53 (93.0%) 78 (89.7%) 0.496
Carbonic anhydrase Inhibitors 47 (82.5%) 71 (81.6%) 0.897
Alpha agonist 47 (82.5%) 72 (82.8%) 0.963
Acetazolamide 29 (50.9%) 56 (64.4%) 0.107
Glycerine oral 0 (0.0%) 4 (4.6%) 0.153
Previous ocular surgery
No 13 (22.8%) 29 (33.3%) 0.174
Trabeculectomy with MMC 42 (73.7%) 30 (34.5%) <0.001*
Vitreoretinal surgery 4 (7.0%) 34 (39.1%) <0.001*
Penetrating keratoplasty 0 (0.0%) 3 (3.4%) 0.278
Previous laser
Pan retinal photocoagulation 19 (33.3%) 45 (51.7%) 0.030*
Selective laser trabeculoplasty 1 (1.8%) 31 (35.6%) <0.001*
Laser peripheral iridotomy Il (19.3%) 5 (5.7%) 0.011*
Cyclodestructive procedure 6 (10.5%) 5 (5.7%) 0.344
(Endocyclophotocoagulation, transscleral cyclophotocoagulation, micropulse laser) 0 (0.0%) 5 (5.7%) 0.157
(Continued)
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Table | (Continued).

Primary Secondary p-value®
Glaucoma Glaucoma
Lens status
Phakia 20 (35.1%) 31 (35.6%) 0.545
Pseudophakia 36 (63.2%) 51 (58.6%)
(Phaco, extracapsular cataract extraction, intracapsular cataract extraction, scleral fixation IOL) (34,6,3,2)
Aphakia 1 (1.8%) 5 (5.7%)
Type of GDD
Ahmed glaucoma valve (AGV) 21 (36.8%) 58 (66.7%) 0.005*
Baerveldt® Glaucoma Implants 250 10 (17.6%) 9 (10.4%)
Baerveldt® Glaucoma Implants 350 19 (33.3%) 11 (12.6%)
Aurolab aqueous drainage implant (AADI) 250 2 (3.5%) 2 (2.3%)
Aurolab aqueous drainage implant (AADI) 350 5 (8.8%) 7 (8.0%)

Notes: *Chi-squared test, Fisher’s exact test for categorical data, and unpaired t-test, Mann—Whitney U-test for continuous data, *Statistically significance at p<0.05.

IOP and number of antiglaucoma medications were significantly decreased from the baseline in every visit in both

primary and secondary glaucoma groups, p<0.001 (Figures 3 and 4). LogMAR visual acuity was decreased from the

baseline in both groups whereas the visual field parameter and structural ocular parameter were not different. Following

from progression in advanced glaucomatous damage affect visual acuity, visual field testing were limited in patients with
visual acuity less than 1.00 logMAR (Table 4).
Various factors associated with surgical failure in GDD implantation were analyzed, for example, glaucoma etiologies,

age, sex, visual acuity, IOP, both visual field parameters and structural parameters, underlying generic and ocular disease,

history of antiglaucoma medication, history of previous ocular laser and surgery, lens status and type of GDD. Univariate

analysis for factors associated with surgical failure were neovascular glaucoma with unadjusted HR 3.62 (95%CI: 1.45, 9.04),
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Figure | Kaplan-Meier survival curve showing the cumulative probability of complete or qualified success comparing between primary and secondary glaucoma.
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Table 2 Complete Success, Qualified Success and Failure Rate Comparing Between Ahmed Glaucoma Valve (AGV)
and Nonvalved Glaucoma Drainage Devices (GDD) in Primary and Secondary Glaucoma Group

Follow Time | Total Primary Glaucoma Secondary Glaucoma

(Year) a a
AGV Nonvalved GDD | p-value AGV Nonvalved GDD | p-value

Year | 0.347 0.749

Complete 14 (9.7%) 3 (14.3%) 2 (5.6%) 5 (8.6%) 4 (13.8%)

Qualified 95 (66.0%) | 17 (81.0%) | 29 (80.6%) 33 (56.9%) | 16 (55.2%)

Failure 35 (24.3%) | | (4.8%) 5 (13.9%) 20 (34.5%) | 9 (31.0%)

Year 2 0.156 0.832

Complete 10 (14.7%) | 0 (0.0%) 2 (10.5%) 4 (16.0%) 4 (25.0%)

Qualified 46 (67.6%) | 6 (75.0%) 17 (89.5%) 15 (60.0%) | 8 (50.0%)

Failure 12 (17.6%) | 2 (25.0%) 0 (0.0%) 6 (24.0%) 4 (25.0%)

Year 3 0411 0.042

Complete 6 (18.2%) 1 (20.0%) 1 (10.0%) 0 (0.0%) 4 (44.4%)

Qualified 22 (66.7%) | 2 (40.0%) 8 (80.0%) 7 (77.8%) 5 (55.6%)

Failure 5 (15.2%) 2 (40.0%) 1 (10.0%) 2 (22.2%) 0 (0.0%)

Year 4 0.055 1.000

Complete 2 (9.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (25.0%)

Qualified 16 (76.2%) | | (33.3%) 8 (100%) 2 (100%) 5 (62.5%)

Failure 3 (14.3%) 2 (66.7%) 0 (0.0%) 0 (0.0%) I (12.5%)

Year 5 0.143 1.000

Complete 2 (15.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (40.0%)

Qualified 9 (69.2%) 1 (33.3%) 4 (100%) I (100%) 3 (60.0%)

Failure 2 (15.4%) 2 (66.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Note: *p-value for comparison between different types of GDD (chi-squared test).

p=0.006, and lens-induced glaucoma with unadjusted HR 4.58 (95%CI: 1.29, 16.25), p=0.018. Other glaucoma ctiologies
were not statistically significant associated with surgical failure for example, PACG with unadjusted HR 2.76 (95%CI: 0.55,
13.78), p=0.215, previous ocular surgery with unadjusted HR 1.98 (95%CI: 0.56, 7.01), uveitis glaucoma with unadjusted HR
2.59 (95%CI: 0.52, 12.94), p=0.247 and ICE Syndrome/Axenfeld Rieger with unadjusted HR 2.70 (95%CI: 0.32, 22.60),
p=0.360 while protective factors were duration of antiglaucoma usage >10 months, unadjusted HR 0.45 (95%CI: 0.25, 0.82),
p=0.009. The AGV was not significantly associated with failure with unadjusted HR 2.12 (95%CI: 0.51, 8.90), p=0.305.
Multivariate analysis for potential factors associated with failure included glaucoma etiology, sex, proliferative diabetic
retinopathy, IOP more than 23 mmHg and types of GDD implantation. The only significant factor was lens-induced glaucoma
as etiology with adjusted HR 4.19 (95%CI:1.10, 15.86), p=0.035 (Table 5).

Complication and adverse events comparing between valved and nonvalved GDD were not statistically significant different.
Tube complications including tube malposition, exposure, and occlusion were the most frequent adverse events along with
complications of GDD implantation, occurring in 16 eyes (11.1%), of which 13 eyes were secondary glaucoma etiology. Corneal
decompensation was found in eight eyes (5.5%), three of which were diagnosed with secondary glaucoma from ICE syndrome.
Hypotony was found in three eyes (2%) in nonvalved GDD, p=0.09. Endophthalmitis occurred in one eye from neovascular
glaucoma etiology and the final treatment was enucleation. Further surgical treatments were performed to correct complications as
follows: tube reposition, patching exposure, tube ligation, and anterior chamber irrigation and vitrectomy. Further laser and
surgery treatments to control IOP from failure of GDD were second GDD implantation, trabeculectomy, needling GDD, SLT
laser, micropulse laser, and LDTC (Table 6). Factors associated with adverse events and surgical complications for example,
glaucoma etiologies, age, sex, visual acuity, IOP, both visual field parameters and structural parameters, underlying generic and
ocular disease, history and type of antiglaucoma medication, history of previous ocular laser and surgery, lens status and type of
GDD were analyzed by multiple logistic regression analysis and reported by unadjusted odds ratio. No factor was identified to be
significantly associated with adverse events and surgical complications (Table 7).
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Figure 2 Kaplan—Meier survival curve showing the cumulative probability of complete or qualified success comparing between valved and nonvalved glaucoma drainage device.

Discussion

Glaucoma drainage device implantation has become a procedure of choice in refractory glaucoma cases with comparable
or higher success rates compared with conventional trabeculectomy. The efficacy and safety of GDD implantation varied
along with different types of GDD model and various underlying glaucoma etiologies.®’-'"*'?

The cumulative probability of complete and qualified success during five years of follow-up from the Tube Versus
Trabeculectomy (TVT) study using nonvalved GDD and Baerveldt® Glaucoma Implants (BGI) was 70.2%, similar to
76.5% from our nonvalved GDD result in the primary glaucoma group. The etiologies of glaucoma participants in the
TVT were similar to our primary glaucoma group including POAG, PACG and JOAG. They excluded secondary
glaucoma etiology; for example, iridocorneal endothelial (ICE) syndrome, uveitis, NVG patients, and postretinal surgery.
Meanwhile, a higher cumulative probability of failure during five years of follow-up was found in the trabeculectomy
group at 46.9%.° Trabeculectomy was previously performed in 73.7% of participants in our primary glaucoma group

Table 3 Cumulative Complete or Qualified Success Rate Surgical Outcomes Comparing Between Primary and Secondary
Glaucoma and Between Ahmed Glaucoma Valve (AGV) and Nonvalved Glaucoma Drainage Devices (GDD)

Follow Time Complete or Qualified Success Rate (95% CI)
Total Primary Glaucoma Secondary Glaucoma

(Year) AGVY Nonvalved GDD AGY Nonvalved GDD
Year | 75.7% (67.8%, 81.9%) | 95.2% (70.7%, 99.3%) | 86.1% (69.8%, 94.0%) | 65.5% (51.8%, 76.2%) | 69.0% (48.8%, 82.5%)
Year 2 66.8% (56.8%, 75.0%) | 71.4% (31.9%, 90.6%) | 86.1% (69.8%, 94.0%) | 54.0% (37.4%, 67.9%) | 62.1% (39.4%, 78.4%)
Year 3 61.7% (49.9%, 71.4%) | 71.4% (31.9%, 90.6%) | 76.5% (48.6%, 90.6%) | 47.2% (28.3%, 64.0%) | 62.1% (39.4%, 78.4%)
Year 4 53.4% (38.4%, 66.3%) | 35.7% (1.5%, 77.7%) 76.5% (48.6%, 90.6%) | 47.2% (28.3%, 64.0%) | 49.7% (21.9%, 72.4%)
Year 5 53.4% (38.4%, 66.3%) | 35.7% (1.5%, 77.7%) 76.5% (48.6%, 90.6%) | 47.2% (28.3%, 64.0%) | 49.7% (21.9%, 72.4%)

Notes: Primary glaucoma AGV vs nonvalved GDD, log rank test (p=0.665). Secondary glaucoma AGV vs nonvalved GDD, log rank test (p=0.586).
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Figure 3 Mean intraocular pressure (IOP) of primary glaucoma and secondary glaucoma groups at baseline and follow-up. (*p<0.001 compared with preoperative).
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Figure 4 Average number of antiglaucoma medications of primary glaucoma and secondary glaucoma groups at baseline and follow-up. (*p<0.001 compared with
preoperative).

whereas a lower percentage was found in the TVT study, with 57.5% in the BGI group and 53.5% in the trabeculectomy
group.

Comparing the efficacy of valved GDD implantation with conventional trabeculectomy surgery, a systematic review
and meta-analysis from HaiBo et al reported the cumulative probability of complete and qualified success of the Ahmed
glaucoma valve (AGV) was 51%, which was comparable with 55% from trabeculectomy. The AGV had lower adverse
events than trabeculectomy at the follow-up time of two years.'! The variety of inclusion criteria from different glaucoma
etiologies from this meta-analysis could affect the final result. Similar results of an AGV implantation study from
Elbaklish and Gomaa were reported with decreasing IOP from 44.17 mmHg +5.98 preoperatively to 15.18 mmHg +2.75
at the one-year follow-up, and also reduced antiglaucoma medication from 3.89:0.31 to 2.75+1.43 postoperatively.'® Lee
et al also reported that the cumulative probability of success of the AGV was 56% at the five-year follow-up.'* The
cumulative probabilities of complete or qualified success of the AGV from this work was lower than previous studies at
40.1% (95%CI: 15.8%, 63.5%).

There were two multicenter randomized controlled trials comparing surgical success rates between valved and
nonvalved GDD; the Ahmed Baerveldt Comparison (ABC) study and the Ahmed Versus Baerveldt (AVB) study
which compared both efficacy and safety between the AGV and the BGI. The two studies shared similar baseline
characteristics to our study. For example, they included postoperative fail trabeculectomy in the primary glaucoma group

and included secondary glaucoma etiologies such as neovascular glaucoma and uveitis glaucoma. Our surgical success
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Table 4 Ocular Parameters Comparing Between Baseline and Follow-up

Ocular Parameters Total Primary Secondary p-value®
Glaucoma Glaucoma
Visual acuity (LogMAR)
Baseline 1.28+0.92 0.74+0.79 1.64+0.82 <0.001
| year 1.34+0.94 0.88+0.86 1.64+0.87 <0.001
2 years 1.514£0.96” 1.00£0.89 1.84+0.87 <0.001
3 years 1.55+1.01% 1.30£1.0 1.80+1.0 0.186
4 years 1.5140.98° 1.32£1.04 1.71£0.92 0.364
5 years 1.48+0.90” 1.18+0.96 1.77+0.81 0.240
Visual field mean deviation (MD)
Baseline —19.2x11.6 —18.7x11.9 —20.9+10.7 0.584
| year —22.0£9.5 —20.6+9.7 —24.5£9.0 0.265
2 years —24.9+7.3 —25.5+6.9 —24.0+8.3 0.674
3 years —23.4+8.9 —20.7+8.7 —31.3%1.1 N/A
4 years —26.2+10.7 —20.8x15.1 -31.6x1.6 N/A
5 years —29.1%5.1 -32.1 —27.6+6.2 N/A
Pattern standard deviation (PSD)
Baseline 6.5+3.3 6.9+3.4 5.0£2.5 0.096
| year 6.7+3.1 6.8+3.3 6.5+2.7 0.800
2 years 8.0+3.4 8.3+3.7 7.5+3.1 0.655
3 years 7.9+43 9.1+4.1 4.4+4.0 N/A
4 years 7.3x44 7.8%6.1 6.8+4.5 N/A
5 years 5.4+6.8 2.1 7.1+8.7 N/A
Visual field index (VFI)
Baseline 48.3+36.8 51.2+36.6 40.2+£37.7 0.400
| year 34.1£35.1 35.84£36.9 31.6%33.7 0.768
2 years 29.8+25.1 28.3+24.0 31.7£28.3 0.800
3 years 19.8+£29.4 33.0+424 6.5+9.2 N/A
4 years 19.0+32.1 34.5+459 3.5+35 N/A
5 years 18.0+£25.5 - - -
OCT RNFL
Baseline 69.6+19.4 64.6+13.0 76.1124.3 0.044
| year 71.2+19.6 66.6+12.1 75.4+24.0 0.129
2 years 65.8+13.3 64.8+13.1 67.1x14.4 0.717
3 years 65.5+9.4 68.319.7 64.3+9.7 N/A
4 years 72.5+6.0 70.047.1 75.0+5.7 N/A
5 years 63.0+20.2 51.5+4.9 86.0 N/A
Vertical cup to disc ratio (VCDR)
Baseline 0.84+0.16 0.87+0.13 0.810.18 0.027
| year 0.860.15 0.89+0.11 0.84+0.17 0.187
2 years 0.88+0.11 0.89+0.08 0.88+0.14 0.664
3 years 0.89+0.10 0.89+0.09 0.89+0.11 0.990
4 years 0.92+0.06 0.91+0.07 0.92+0.06 0.817
5 years 0.93+0.06 0.95+0.05 0.90+0.07 N/A

Note: *Statistically significance at p<0.05 compared with baseline, bp-value for comparison between primary and

secondary glaucoma.
Abbreviation: N/A: not applicable.

rates between valved and nonvalved GDD comparing between primary and secondary glaucoma were not different,

which was similar to the ABC study. The ABC reported no statistically significant difference in surgical success rates
between the AGV and the BGI at five years with the cumulative probability of success of 55.3% in the AGV group and
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Table 5 Univariate and Multivariate Analysis of Factors Associated with Surgical Failure in GDD Implantation

Variable Unadjusted HR p-value Adjusted HR p-value
(95%Cl) (95%Cl)

Primary glaucoma

Primary open angle glaucoma (POAG) | |

Juvenile open angle glaucoma (JOAG) 1.36 (0.28, 6.76) 0.704 1.13 (0.22, 5.68) 0.885
Primary angle closure glaucoma (PACG) 2.76 (0.55, 13.78) 0.215 3.33 (0.65, 17.09) 0.149
Secondary glaucoma

Neovascular glaucoma (NVG) 3.62 (1.45, 9.04) 0.006 3.00 (0.97, 9.25) 0.056
Ocular surgery 1.98 (0.56, 7.01) 0.293 1.46 (0.38, 5.59) 0.579
Intraocular trauma 1.44 (0.29, 7.12) 0.657 1.23 (0.24, 6.43) 0.805
Uveitis glaucoma 2.59 (0.52, 12.94) 0.247 2.53 (0.49, 12.97) 0.265
Lens-induced glaucoma 4.58 (1.29, 16.25) 0.018 4.19 (1.10, 15.86) 0.035
Pseudoexfoliative glaucoma (PXG) 4.87 (0.58, 40.87) 0.145 N/A N/A
Other (ICE Syndrome, Axenfeld Rieger) 2.70 (0.32, 22.60) 0.360 N/A N/A
Age (years) 1.01 (0.98, 1.03) 0.606

Female | |

Male 1.82 (0.92, 3.59) 0.085 1.88 (0.86, 4.12) 0.114
Preoperative data

Visual acuity (LogMAR) 1.28 (0.93, 1.78) 0.132

Intraocular pressure (IOP) >23 mmHg 1.91 (0.92, 3.97) 0.082 1.30 (0.57, 2.96) 0.539
Visual field parameter
® Mean deviation (MD) dB 1.01 (0.95, 1.08) 0.725
® Pattern standard deviation (PSD) dB 0.91 (0.72, 1.15) 0414
® Visual field index (VFI) % 1.01 (0.98, 1.02) 0.746
® OCT RNFL (um) 1.01 (0.98, 1.04) 0.443
® Vertical cup to disc ratio (VCDR) 0.17 (0.03, 0.97) 0.046

Ocular diseases

Proliferative diabetic retinopathy 1.63 (0.86, 3.07) 0.135 1.00 (0.41, 2.39) 0.986
Tractional retinal detachment 1.12 (0.35, 3.61) 0.852

Rhegmatogenous retinal detachment 1.37 (0.58, 3.23) 0.477

Central retinal vein occlusion 1.25 (0.45, 3.49) 0.673

Previous trauma 0.49 (0.07, 3.52) 0.474

Underlying disease

Diabetes mellitus 1.37 (0.76, 2.47) 0.300

Hypertension 1.25 (0.70, 2.24) 0.458

Dyslipidemia 0.82 (0.41, 1.66) 0.589

Chronic kidney disease 0.55 (0.07, 4.03) 0.560

History of antiglaucoma medication

Duration of antiglaucoma 210 months 0.45 (0.25, 0.82) 0.009

No. of previous medication 24 types 1.03 (0.51, 2.09) 0.926

Prostaglandin analogues 0.81 (0.32, 2.08) 0.665

Beta-blockers 1.01 (0.36, 2.82) 0.985

Carbonic anhydrase inhibitors 1.19 (0.53, 2.66) 0.674

Alpha agonist 0.93 (0.43, 2.00) 0.853

Acetazolamide 0.95 (0.52, 1.73) 0.862

Glycerine oral 0.70 (0.10, 5.08) 0.723

Previous ocular surgery

Trabeculectomy with MMC 0.66 (0.37, 1.20) 0.177

Vitreoretinal surgery 1.40 (0.75, 2.60) 0.292

Penetrating keratoplasty 1.19 (0.16, 8.62) 0.867

(Continued)
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Table 5 (Continued).

Variable Unadjusted HR p-value Adjusted HR p-value
(95%ClI) (95%Cl)

Previous laser

Pan retinal photocoagulation 1.07 (0.53, 2.18) 0.848

Selective laser trabeculoplasty 1.02 (0.39, 2.65) 0.976

Laser peripheral iridotomy 0.82 (0.25, 2.73) 0.749

Cyclodestructive procedure (endocyclophotocoagulation, transscleral 1.39 (0.19, 10.30) 0.748

cyclophotocoagulation, micropulse laser)

Lens status

Phakia | 0.792

Pseudophakia 0.87 (0.47, 1.61)

Aphakia 1.26 (0.37, 4.33)

Type of GDD

Aurolab aqueous drainage implant 250 | |

Aurolab aqueous drainage implant 350 N/A N/A N/A N/A

Ahmed glaucoma valve 2.12 (051, 8.90) 0.305 1.33 (0.29, 6.14) 0.713

Baerveldt® Glaucoma Implants 250 1.92 (0.40, 9.25) 0418 1.65 (0.32, 8.58) 0.551

Baerveldt® Glaucoma Implants 350 1.36 (0.29, 6.40) 0.700 1.21 (0.23, 6.40) 0.827

Abbreviation: N/A, not applicable.

60.6% in the BGI group, p=0.65, while failure from safety issues such as hypotony, explantation, and loss of light
perception was found more in the BGI than in the AGV, at 16.5% vs 7.7%.'> While the AVB study reported differently,
the cumulative complete or qualified success rate was significantly higher in the BGI than in the AGV group at 60% vs
47%, p=0.04, with lower postoperative IOP and a lower number of antiglaucoma medications in every visit, while
postoperative hypotony was found at 4% in only the BGI group, p=0.02,'® which was twofold to the 2% from nonvalved
GDD from our study.

Criteria for success were varied between studies, thus the cumulative probability rate of complete success or qualified
success base on without antiglaucoma medication at five years were following, the AVB study: 12% in the AGV vs 19%
in the BGI, the TVT study: 25% in the BGI vs 29% in the trabeculectomy, the ABC study: 8% in the AGV vs 14% in
the BGI.

The BGI has been discontinued for distribution in Thailand since 2019; therefore Aurolab aqueous drainage
implantation (AADI) was replaced for nonvalved GDD implantation since then. The AADI was an economized GDD
which was invented by a manufacturing division of the Aravind Eye Institute in India and had gained the European
conformity (CE) mark and also Thai food and drug administration approval. For efficacy of the AADI, the cumulative
success rates were 66.2% in adults and 77.2% in children at the two-year follow-up visit.'” The meta-analysis conducted
by Hong et al reported that the pooled odds ratios comparing the AADI with the AGV were 3.68 (95%CI: 2.58-5.25) for
complete success rate and 1.72 (95%CI: 1.24 to 2.39) for qualified success rate in refractory glaucoma patients.'® In
contrast, the result from Khan et al showed an equivalent cumulative probability of success at the two-year follow-up
between AADI and the AGV in children of 69.9% (95%CI: 45.9%, 84.9%) for the AADI vs 66.8% (95%CI: 53.4%,
77.1%) for the AGV, respectively.'? Following from our study which included a small number of children, comparison
with those studies were limited.

Glaucoma etiology could be the predictor for surgical success or failure in GDD implantation as primary glaucoma
had a significantly higher success rate than secondary glaucoma, whereas neovascular glaucoma and lens-induced
glaucoma were significantly associated with failure in our study while other identifiable predictors were not statistically
significant. Similar results were identified, for example, Lee et al found uveitis glaucoma and severe postoperative
complication associated with failure,'* Christakis et al reported neovascular glaucoma and not having a prior trabecu-
lectomy as the risk for failure in univariate analysis model but did not show different in multivariate analysis model.'®
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Table 6 Complication, Adverse Events of Glaucoma Drainage Devices Implantation and Further Laser and Surgery

Complication and Adverse Events | AGV Nonvalved p-valve | Further Laser and Surgery
GDD

I. Corneal decompensation 8 eyes (5.5%) Penetrating keratoplasty | eye
(2 eyes failure)

® Primary open angle glaucoma 2 | 1.000

® |Intraocular trauma |

® |CE syndrome |

® Uveitis glaucoma 2 |

2. Tube complication 16 eyes (11.1%) Reposition tube 7 eyes,

Tube malposition | | (5 eyes failure) scleral patch | eye,

Tube exposure 2 amniotic membrane patch | eye,

Tube occlusion 3 vitrectomy 3 eyes

® Primary open angle glaucoma 3 4 0.086

® Neovascular glaucoma 6

® Lens induces I

® |Intraocular trauma |

® Uveitis glaucoma |

3. Hypotony 3 eyes (2.0%) 0.090 Tube ligation 2 eyes
(2 eyes failure)

® Primary open angle glaucoma I

® Ocular surgery 2

4. Hyphema/vitreous hemorrhage 9 eyes (6.3%) 1.000 Anterior chamber irrigation 5 eyes,
(3 eyes failure) vitrectomy 4 eyes

® Primary open and closed angle | 3

glaucoma

® Neovascular glaucoma

® Uveitis glaucoma 3

® |Intraocular trauma | |

5. Endophthalmitis | eye (0.7%) Vitrectomy and enucleation | eye
(I eye failure)

® Neovascular glaucoma | 1.000

6. Corneal ulcer | eye (0.7%)
(I eye failure)

Uveitis glaucoma | 1.000

7. Rhegmatogenous retinal detachment | eye (0.7%) Vitrectomy | eye
(I eye failure)

® Intraocular trauma | 0.451

Total/failure 23/8 16/7 0.546 Second GDD 5 eyes,

trabeculectomy | eye,

needling GDD 3 eyes,

selective laser trabeculoplasty | eye,

micropulse laser/transcleral cyclophotocoagulation 4

eyes
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Table 7 Univariate Analysis for Factors Associated with Complications and Adverse Events in GDD Implantation

Variable Unadjusted OR | p-value | Adjusted OR (95% | p-value
(95%ClI) Cl)

Primary glaucoma

Primary open angle glaucoma (POAG) | |

Juvenile open angle glaucoma (JOAG) 0.78 (0.14, 4.27) 0.770 0.65 (0.11, 4.04) 0.647
Primary angle closure glaucoma (PACG) 1.55 (0.25, 9.77) 0.641 2.52 (0.26, 24.94) 0.429
Secondary glaucoma

Neovascular glaucoma (NVG) 1.22 (0.47, 3.19) 0.683 3.82 (0.79, 18.55) 0.097
Ocular surgery 0.52 (0.10, 2.71) 0.435 1.42 (0.15, 13.69) 0.761
Intraocular trauma 0.78 (0.14, 4.27) 0.770 1.20 (0.16, 8.84) 0.859
Upveitis glaucoma 4.13 (0.79, 21.69) 0.093 6.19 (0.93, 41.06) 0.059
Lens-induced glaucoma 1.55 (0.25, 9.77) 0.641 2.66 (0.25, 28.80) 0.420
Pseudoexfoliative glaucoma (PXG) - - - -
Other (ICE Syndrome, Axenfeld Rieger) - - - -
Age (years) 0.99 (0.97, 1.02) 0.860

Female | 0.552

Male 1.28 (0.60, 2.72)

Preoperative data

Visual acuity (LogMAR) 1.02 (0.68, 1.53) 0.908

Intraocular pressure (IOP)

< 23 mmHg | 0.275 | 0.247
>23 mmHg 1.58 (0.69, 3.59) 1.82 (0.66, 5.04)

Visual field parameter
® Mean deviation (MD) dB 0.97 (0.91, 1.03) 0.334
® Pattern standard deviation (PSD) dB 0.85 (0.68, 1.06) 0.146
® Visual field index (VFI) % 0.99 (0.97, 1.01) 0.400
® OCT RNFL (um) 1.02 (0.99, 1.05) 0.148

Vertical cup to disc ratio (VCDR) 0.49 (0.04, 5.56) 0.569

Ocular diseases

Proliferative diabetic retinopathy 0.50 (0.19, 1.32) 0.157 0.35 (0.14, 1.65) 0.107
Tractional retinal detachment 0.37 (0.04, 3.10) 0.683

Rhegmatogenous retinal detachment 0.65 (0.17, 2.42) 0.760

Central retinal vein occlusion 1.89 (0.50, 7.08) 0.460

Previous trauma 0.43 (0.05, 3.73) 0.674

Underlying disease

Diabetes mellitus 0.75 (0.34, 1.65) 0.477 0.98 (0.27, 3.55) 0.971
Hypertension 0.59 (0.28, 1.27) 0.174

Dyslipidemia 0.42 (0.16, 1.09) 0.068

Chronic kidney disease 1.37 (0.24, 7.77) 0.662

History of antiglaucoma medication

Duration of antiglaucoma 0.589
<10 month | 0.973 |

210 Months 0.99 (0.45, 2.19) 0.74 (0.25, 2.19)

No. of previous medication

<4 types | 0.764

24 types 1.15 (0.47, 2.83)

Prostaglandin analogues 0.63 (0.17, 2.27) 0.489

Beta-blockers 0.82 (0.24, 2.83) 0.749

Carbonic anhydrase Inhibitors 1.01 (0.39, 2.63) 0.984

Alpha agonist 0.95 (0.36, 2.48) 0910

Acetazolamide 1.34 (0.63, 2.86) 0.450

Glycerine Oral 2.78 (0.38, 20.48) 0.296

(Continued)
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Table 7 (Continued).

Variable Unadjusted OR | p-value | Adjusted OR (95% | p-value
(95%Cl) Cl)

Previous ocular surgery

Trabeculectomy with MMC 1.24 (0.59, 2.58) 0.574 1.03 (0.38, 2.80) 0.952
Vitreoretinal surgery 0.42 (0.16, 1.09) 0.068 0.43 (0.11, 1.67) 0.225
Penetrating keratoplasty - 0.563 -

Previous laser

Pan retinal photocoagulation 1.39 (0.55, 3.53) 0.487 1.90 (0.42, 8.64) 0.404
Selective laser trabeculoplasty 2.77 (0.90, 8.46) 0.074 3.96 (1.02, 15.47) 0.048
Laser peripheral iridotomy 2.03 (0.54, 7.72) 0.298 0.80 (0.14, 4.58) 0.799
Cyclodestructive procedure (endocyclophotocoagulation, transscleral 1.78 (0.15, 20.74) 0.646 - -

cyclophotocoagulation, micropulse laser)

Lens status 0.907
Phakia |

Pseudophakia 1.1l (0.51, 2.44)
Aphakia 1.46 (0.24, 8.94)

Type of GDD
Ahmed glaucoma valve | 0.599 | 0.247
Nonvalved GDD 1.22 (0.58, 2.55) 1.71 (0.69, 4.22)
Aurolab aqueous drainage implant 250
Aurolab aqueous drainage implant 350

Baerveldt® Glaucoma Implants 250

Baerveldt® Glaucoma Implants 350

Similarly with our finding as protective factor for failure was previous trabeculectomy with unadjusted HR 0.66. Other
baseline demographic data and ocular parameters between failure and success reported as unadjusted hazard ratio were
not statistically different. Higher uncontrolled preoperative IOP in the secondary glaucoma group (30.6+11.8 vs 23.1
+7.00 mmHg, p<0.001) was the factor to consider whether treatment involved valved or nonvalved GDD implantation;
therefore the AGV was implanted more in secondary glaucoma than in primary glaucoma at 65.9% vs 39%, p=0.014. For
that reason, the AGV showed more benefit than nonvalved GDD in terms of immediate lowering of IOP postoperatively,
while in nonvalved GDD it needed 4-6 weeks of longer waiting time until the capsule fibrosis around the plate was
formed to function. While protective factor was duration of antiglaucoma mediation shorter than 10 months prior to GDD
implantation with unadjusted HR 0.45 (95%CI: 0.25, 0.82), p=0.009, which was implied that the longer duration of
antiglaucoma treatment the more failure in GDD implantation similar to the report of associate factors for failure
outcome in trabeculectomy by Wong et al.'"® Corneal complications such as endothelial cell loss leading to corneal
decompensation in our study were comparable with the results reported by Beatson et al by 5% (79 from 1610 eyes) and
risk factors were as follows: older age, postoperative hypotony, tube-cornea touch, Fuchs' dystrophy, iridocorneal
endothelial (ICE) syndrome, and higher number of previous glaucoma surgeries.”’ Because the anterior chamber location
of the tube placement was one of the identifiable risks of corneal decompensation, the drawback of tube placement in the
sulcus or in pars planar®’ when possible instead could lead to more incidents of tube occlusion or tube malposition, that
occurred at a rate of 11.1% in this study. Hypotony occurred 2% of nonvalved GDD cases which was less than other
studies.'>'¢

These following procedures were used to attempt to control IOP in failure of GDD: implantation of the second GDD,
which was reported to have a cumulative failure rate at three years of 32.5%,%” transscleral cyclophotocoagulation
procedure which was equally effective as the second GDD with cumulative success rates at one year of 88% and 79%,
respectively”® and needling revision of the glaucoma drainage device filtering bleb which were reported as 43% to 72.2%

cumulatively for both complete and qualified success at 24 months.* 2
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Limitations of this study were losing a number of patients to complete five years and limited number of patients were
included prior to year 2020. As a referral center, referring patients back to their local general hospital when glaucoma
disease were under-controlled to minimize transportation cost and indirect cost for patients. The price of GDD was only
reimbursed in the civil servants’ medical benefits and self-paid schemes before 2020, implantation of GDD was limited
by this economic reason. Furthermore, our precise ocular parameters both structural and functional test for following-up
progression of disease were overlooked due to advanced glaucomatous damage and visually impairment at baseline.

Conclusion

This study shows cumulative probability of success of GDD implantation both valved and nonvalved GDD in refractory
glaucoma patients from primary and secondary glaucoma etiology. Primary glaucoma had a significantly better success
rate than secondary glaucoma. Neovascular glaucoma and lens-induced glaucoma were predictors for failure while less
than 10 months duration of antiglaucoma treatment was a protective factor for failure. Comparing between different type
of GDD, success and failure rate, complications and adverse events were comparable between valved and nonvalved
GDD. These results would be of benefit in both prognostic counseling and considering GDD implantation in refractory
glaucoma patients.
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