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PŮVODNÍ PRÁCE

TUBE VERSUS TRABECULECTOMY IN  
JUVENILE-ONSET OPEN ANGLE GLAUCOMA – 
TREATMENT OUTCOMES IN TERTIARY  
HOSPITALS IN MALAYSIA

SUMMARY
Aim of the study: To compare the intraocular pressure (IOP) lowering effect and postoperative complications between primary augmented 
trabeculectomy and glaucoma drainage device (GDD) implantation as primary surgical intervention in patients with juvenile-onset open angle 
glaucoma (JOAG).
Patients and Methods: A retrospective review study involving 20 eyes that underwent primary augmented trabeculectomy with mitomycin (MMC) 
and 10 eyes GDD implantation in 3 tertiary centres in Malaysia between 1 January 2013 and 31 December 2019. They were followed up for at least 
12 months postsurgical intervention. Intraocular pressure (IOP), number of topical IOP lowering medication and complications were evaluated at 1, 
3, 6 and 12 months post-intervention. Based on the IOP, the success was divided into complete and partial success, and failure. IOP and postsurgical 
complications were compared using the Repetitive Measure Analysis of Variance (RM ANOVA) and the Pearson chi-square test.
Results: Both methods were effective in lowering the IOP. Eyes with primary augmented trabeculectomy have significant lower IOP compared to GDD 
implantation (p = 0.037). There was a higher incidence of postoperative hypotony (30%) in the trabeculectomy group. There was also a significant 
reduction of mean number of topical pressure-lowering drugs required postoperatively (p = 0.015). Complete success was achieved in 100% of eyes 
with trabeculectomy and 67% in GDD implantation (p = 0.047). 
Conclusions: Primary augmented trabeculectomy and GDD implantation are good surgical options for the treatment of JOAG. Both methods provide 
IOP lowering at 1 year. However, trabeculectomy provides better pressure lowering, compared to GDD implantation in patients with JOAG. 
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INTRODUCTION

Juvenile-onset open angle glaucoma (JOAG) is charac-
terised by high intraocular pressure (IOP), retinal nerve 
fibre layer (RNFL) and optic nerve head changes and a co-

rresponding rapid progression of visual field, which deve-
lops at a young age (between the ages of 5 and 35 years) 
[1]. There is a strong association with a family history of 
glaucoma [1]. However, genetic inheritance is non-spe-
cific but autosomal dominant inheritance is commonly 
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observed [2]. Management of JOAG is challenging; often 
medical treatment is not effective. Surgical intervention 
is preferred as first-line management [3].

Augmented trabeculectomy is the most common and 
popular mode of surgical intervention. The success rate 
has been reported as between 50–87 % among patients 
with JOAG [1]. Conjunctival scarring and vision-threate-
ning complications, including hypotony maculopathy 
and bleb-related infection affect the long-term success 
of trabeculectomy [4]. Glaucoma drainage device (GDD) 
implantation has gained popularity due to the nature of 
JOAG that requires long-term and more sustainable IOP 
control. GDD implantation, such as the Ahmed valve and 
Baerveldt, has been the popular option for glaucoma in 
the pediatric age group [5]. GDD implantation reduces the 
lifelong risk for endophthalmitis and a success rate of 63–
100 % among various age groups has been reported [6].

However, there is no comparative study to compare 
the pressure-lowering effect of these two modes of surgi-
cal intervention to guide the clinical decision. The objec-
tive of the present study was to compare the 12-month 
IOP lowering effect and postoperative complications 
between augmented trabeculectomy with mitomycin C 
(MMC) and GDD implantation as primary surgical inter-
vention in patients with JOAG.

MATERIAL AND METHODS

A  retrospective comparative record review study was 
conducted involving 24 patients with JOAG (30 eyes) 
seen in 3 tertiary hospitals in Malaysia: Hospital Mela-
ka, Hospital Universiti Sains Malaysia, and Hospital Raja 
Perempuan Zainab II. This study received ethical appro-
val from the Malaysia Ethical Research Committee and 
is registered in the National Medical Research Registry 
(NMRR). This study was conducted in accordance with 
the Declaration of Helsinki for human research. 

Patients with JOAG were identified from the ophthalmic 
surgical database of all three hospitals. The inclusion crite-
ria included those who were diagnosed with JOAG based 
on the European Glaucoma Society Guideline: high IOP, 
structural and functional changes of glaucoma, which de-
veloped at the onset between 10 and 35 years of age [7]. 
Patients with secondary glaucoma and congenital glau-
coma were excluded. Those who underwent glaucoma 
filtration surgery between 1 January 2013 and 31 Decem-
ber 2019 were included in this study. Post-surgery, selec-
ted patients had to complete at least 1 year of follow-up 
between 1 January 2014 and 31 December 2020. Primary 
augmented trabeculectomy and GDD implantation were 
conducted under general or local anesthesia by glaucoma 
specialists in the respective hospitals.

Primary augmented trabeculectomy
A total of 20 eyes were subjected to primary augmen-

ted trabeculectomy. A fornix-based conjunctival flap was 
adopted in all cases. The partial thickness rectangular 

scleral flap was between 3–4 mm in size. Mitomycin-C  
0.4 mg/l was applied to a small sponge and placed pos-
teriorly to the scleral flap for 2 to 3 minutes. Copious irri-
gation with 60ml of balance salt solution (BSS) was per-
formed. Paracentesis was then performed and followed 
by sclerotomy, using a Kelly Descemet punch. Peripheral 
iridectomy was then performed. The scleral flap was then 
sutured with 10/0 nylon sutures with or without releasa-
ble suture. The fornix-based conjunctival flap was then 
anchored to the limbus with nylon 10/0 sutures.

Glaucoma drainage device implantation
The Ahmed glaucoma valve (AGV) model FP7 (New 

World Medical Inc, country) and Baerveldt glaucoma im-
plant (BGI) model (Advanced Medical Optics, Santa Ana, 
California, USA) were used in this study. A superotemporal 
4–5 clock‐hour conjunctival peritomy was created and the 
space between Tenon’s  capsule and the sclera carefully 
dissected. A small sponge soaked with MMC 0.4 mg/l was 
placed at the proposed body implant site 8–10 mm from 
the limbus for 2–3 minutes, followed by copious irrigation 
with BSS. After priming the implant with BSS, a 7/0 poly-
glactin suture was used to ligate the silicon tube of BGI 
approximately 2 mm proximally to the plate. Lateral and 
superior rectus muscles were isolated with muscle hooks; 
the wings of the plate were placed under the muscles and 
the central part of the plate was sutured to the underlying 
sclera with a 9–0 nylon suture. After dissection of the ten-
on, the body of the implant was positioned 8–10 mm from 
the limbus, outside the limbal healing space. The plate 
(AGV and BGI) was then sutured to the sclera with a 10/0 
nylon suture. The drainage tube was trimmed to permit 
a 2–3 mm insertion in the anterior chamber (AC) and was 
bevel-cut to an angle of 30 ° to facilitate AC entry. Prior to 
insertion, a paracentesis was created. The AC was then en-
tered 1–3 mm posteriorly to the corneoscleral limbus with 
a 23G needle forming a needle track. The tube was insert-
ed into the AC through the needle tract and placed well, 
without any contact with the iris or corneal endothelium. 
The tube was anchored to the sclera through a criss-cross 
suture using 10/0 nylon suture. The drainage tube (either 
AGV or BGI) was covered with a piece of preserved, donor 
sclera, which was sutured to the host sclera, using 10/0 
nylon suture. Subconjunctival antibiotic and steroid were 
then injected at the 6 o’clock position.

Postoperative management
All topical pressure-lowering drugs were discontinued 

postoperatively for both primary augmented trabeculec-
tomy and GDD implantation. Topical moxifloxacin and 
prednisolone acetate 1% were given at 2-hourly intervals 
for 24 hours. If there was no contraindication, such as hypo-
tony, topical moxifloxacin was then continued in tapering 
frequency until 2 months postoperatively, while topical 
prednisolone acetate 1% was then tapered in frequency 
until 4–6 months postoperatively. They were followed up 
at 1 week then at 1, 3, 6 and 12 months postoperatively, 
but with more frequent visits for patients who developed 
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complications. During each follow-up, bleb configuration 
was assessed using the Indiana bleb appearance grading 
scale [8]. Bleb leak is defined as the presence of a positive 
Siedel test at any area adjacent to the bleb. Anterior seg-
ment assessment includes anterior depth, reaction and 
hyphaema. Hypotony is defined as IOP less than 6 mmHg 
[9]. Hypertony is defined as IOP more than 21 mmHg [9]. 
Other complications, such as choroidal effusion, cataract, 
rectus muscle entrapment and endopthalmitis were also 
documented. At the end of 12 months’ follow-up, the suc-
cess of these surgical interventions was divided into com-
plete success: IOP  <  21  mmHg without any medication; 
qualified success: those who had 2 medications added 
to achieve IOP < 21 mmHg; and failure: IOP > 21 mmHg 
with maximum medical treatment. The number of pres-
sure-lowering agents was also compared at 12 months 
postoperatively to preoperatively.

Statistical analysis
Demographic, ocular parameters, surgical and postop-

erative data were entered into SPSS 22.0. All data were 
checked, and missing data were retrieved. The indepen-
dent t test was adopted for numerical data with normal 
distribution, chi-square and Fischer-exact tests were used 
to analyse categorical data. Repetitive measure analysis 
of variance (RM ANOVA) was used to compare mean IOP 
during preoperative and postoperative follow-up be-
tween the two groups. Further analysis with Bonferroni 
correction was conducted. P < 0.05 is deemed to be a sta-
tistically significant difference.

RESULTS

Primary augmented trabeculectomy was conducted 
on 20 eyes and GDD was implanted in 10 eyes of patients 

with JOAG (Table 1). There was a statistically significant 
higher number of primary augmented trabeculectomy 
(90.1 %) conducted on women with JOAG, compared to 
GDD implantation (9.1%) (p = 0.049). GDD was implanted 
in those who were older [27.8 (6.3) years old] and diag-
nosed longer [112(172) weeks], but without significant 
difference, compared to those who had primary aug-
mented trabeculectomy (Table 1).

There was no significant difference in mean preoper-
ative IOP between primary augmented trabeculectomy 
and GDD implantation (Table 2). Based on RM ANOVA, 
there was a statistically significant difference of mean IOP 
between primary augmented trabeculectomy and GDD 
implantation preoperatively, and at 1 month, 3 months, 
6 months and 12 months postoperatively (p  =  0.037) 
(Graph 1). In general, lower IOP was observed in patients 
with primary augmented trabeculectomy (Table 2 and 
Graph 1). Patients who had primary augmented trabe-
culectomy showed significant lower IOP at 1, 3, 6 and 12 
months postoperatively, compared to GDD implantation 
(Table 2). At 1 month postoperatively, mean IOP of eyes 
with GDD implantation is almost double than those in 
the group with primary augmented trabeculectomy. On 
further analysis using RM ANOVA with Bonferroni correc-
tion, the significant difference of mean IOP (p  <  0.001) 
was seen between preoperative and postoperative at 1, 
3, 6, and 12 months, but not with other pairing (Table 3).

Complete success was achieved in all patients who had 
primary augmented trabeculectomy (20 eyes), but only 
in 7 patients with GDD implantation (67%) at 12 months 
in the postoperative period. Primary augmented trabe-
culectomy achieved a  significant higher percentage of 
complete success compared to GDD implantation in this 
cohort of patients with JOAG (p = 0.010) (Table 2). Both 
surgical interventions showed a  significant reduction 
of mean number of topical pressure-lowering agents. 

Table 1. Comparison of demographic data of patients with JOAG between primary augmented trabeculectomy and GDD implantation

Type of surgical intervention p-value

Variables Trabeculectomy
N=20

GDD implantation
N=10

Age (year)
Mean (SD) 26.8 (6.0) 27.8 (6.3) 0.675a

Sex (n, %)
Male
Female

10 (52.6%)
10 (90.9%)

9 (47.4%)
1 (9.1%) 0.049b

Race (n, %)
Malay
Others

20 (100%)
0 (0.0%)

8 (80.0%)
2 (20.0%) 0.103b

Mean Duration of diagnosis (weeks) 32 (46) 112 (172) 0.057a

Laterality 
Right eye
Left eye 

12 (75.0%)
 8 (57.1%)

4 (25.0%)
6 (42.9%) 0.442b

ap <0.05 is considered statistically significant based on Independent T-Test 
bp <0.05 is considered statistically significant based on Fisher’s Exact Test
JOAG – Juvenile Open Angle Glaucoma, GDD – Glaucoma Drainage Device
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Table 2. Comparison of mean IOP, number of IOP lowering agents, complications, and success rate between primary augmented 
trabeculectomy and GDD implantation in patients with JOAG

Type of surgical intervention p-value

Variables Trabeculectomy
N=20

GDD implantation
N=10

Mean Preoperative IOP (mmHg) 25.2 (4.6) 25.6 (10.9) 0.888 a

Mean Postoperative IOP (mmHg)
1 month
3 months
6 months 
12 months

6.85 (2.47)
8.55 (3.76)
8.90 (3.07)
10.75 (3.02)

14.0 (5.84)
14.5 (8.16)
12.8 (6.17)
13.2 (2.48)

<0.001a

0.010a

0.027a 

0.035a

Mean number IOP lowering agents
Preoperative
Postoperative 

4.00 (0.00)
0.00 (0.00)

3.90 (0.00)
0.80 (1.39)

0.161a

0.015a

Postoperative complications 
(n, %)
Hypotony
Cataract
Rectus muscle entrapment

6 (30%)
-
-

1 (10.0%)
1 (10.0%)
1 (10.0%)

0.162b

Postoperative complications according to 
follow-up (n, %)
1 month

3 months

6 months

12 months

Hypotony
   (3, 15.0%)
Hypotony 
   (2, 10.0%)
Hypotony 
   (1, 5.0%)
-

Muscle entrapment 
   (1, 10.0%)
-

Hypotony 
   (1, 10.0%)
Cataract
   (1, 10.0%)

Success rates (n, %)
Complete success 
Qualified success
Failure 

20, 100%
0, 0%
0, 0%

7, 67%
3, 43%
0, 0%

0.010b

ap <0.05 is considered statistically significant based on Independent T-Test 
bp <0.05 is considered statistically significant based on Chi-Square Test
JOAG – Juvenile Open Angle Glaucoma, GDD – Glaucoma Drainage Device, IOP – Intraocular pressure

Graph 1. Mean IOP changes pre and postoperatively between trabeculectomy and GDD implantation 
p < 0.05 is considered statistically significant based on RM ANOVA 
GDD – Glaucoma Drainage Device, IOP – Intraocular pressure, RM ANOVA – Repeated measure Analysis 
of Variance
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Primary augmented trabeculectomy is associated with 
a significant reduction of lowering agents compared to 
GDD implantation (p = 0.015) (Table 2). However, primary 
augmented trabeculectomy is associated with a  higher 
incidence of hypotony, especially at 1 month postoper-
atively. Rectus muscle entrapment and cataract are ob-
served in eyes with GDD implantation (Table 2). Cataract 
is detected at 6 months post-GDD implantation, while 
none is detected in primary augmented trabeculectomy.

DISCUSSION

Ideally IOP management in patients with JOAG requires 
a lifelong sustainable reduction. Topical pressure-lower-
ing drugs are usually prescribed as temporary treatment 
prior to surgical intervention in this group of patients [1]. 
Since medical therapy is often not effective, JOAG is re-
garded as refractory glaucoma, and GDD implantation is 
considered as the definitive treatment [10]. Traditionally, 
primary augmented trabeculectomy is the surgical inter-
vention of choice for patients with JOAG [1]. The ques-
tion is which of these interventions is effective as primary 
surgical intervention for patients with JOAG. 

In the present study, both GDD implantation and trab-
eculectomy showed a reduction of IOP after 12 months 
post-intervention. Primary augmented trabeculectomy 
showed significant lower IOP reduction compared to 
GDD implantation, especially at 1 month postoperatively. 
Trabeculectomy provided better sustainable IOP reduc-
tion over 12 months of follow-up and achieved complete 
success in all patients with JOAG. In the previous study, 
GDD implants succeeded in 90.7 % of cases for lowering 
the IOP less than 21 mm Hg at 1 year [11]. Primary tra-
beculectomy in patients with JOAG showed a  success 

rate of 73–83 % at 1 year. [4] Based on 10 min primary 
augmented trabeculectomy surgery with a  10-year  
follow-up period and target IOP of 10 mmHg (trabeculec-
tomy 10-10-10 challenge), 65% of patients with JOAG 
achieved ≤ 12 mmHg IOP at the last follow-up [12]. It was 
reported even without augmentation that trabeculec-
tomy showed good long-term success in patients with 
JOAG [12]. 

Higher IOP is recommended post-operatively for func-
tionality of the valve in AGV and the hypertensive phase 
is a common occurrence in BGI [9,13]. It is possible that 
this is responsible for a slight increase in IOP at 1 month 
post-GDD implantation. Sudden elevation of IOP may 
cause a  detrimental effect on advanced glaucoma [14]. 
Unfortunately, we did not include the severity of visual 
field defect in the present study. In addition, GDD im-
plantation was conducted on patients who had been 
detected and treated for a longer period. The longer du-
ration of treatment with topical pressure- lowering drugs 
may increase the risk of fibrosis and failure of surgical in-
tervention [15]. This may also play a role in the long-term 
success of surgical intervention in patients with JOAG. 

On the other hand, a higher frequency of hypotony in 
trabeculectomy may be responsible for the lower IOP in 
this study. Hypotony maculopathy is reported to be high-
er in the younger age group, male gender, and myopic 
patients [16]. Hypotony maculopathy usually occurs after 
prolonged hypotony postoperatively. However, none of 
our patients in this series developed hypotony maculop-
athy. Poorer survival of the bleb in eyes that developed 
hypotony at 1 month postoperatively [17] has also been 
reported. The success rate of primary augmented trab-
eculectomy is reported as between 50–87% at 3 years 
[1,4,18]. The success rate is lower than in patients with 
primary open angle glaucoma, due to the exaggerated 

Table 3. Pairwise comparison of pre and postoperative IOP changes between primary augmented trabeculectomy and GDD implan-
tation in patients with JOAG

IOP comparison Mean 
difference Standard error

95% CI
p-value

Lower border Upper border

Baseline-1 month  14.97 1.493 10.42 19.52 <0.001

Baseline-3 months 13.87 1.329 9.82 17.92 <0.001

Baseline-6 months 14.55 1.349 10.44 18.65 <0.001

Baseline-12 months 13.42 1.424 9.08 17.76 <0.001

1 month-3 months -1.10 1.285 -5.01 2.81 1.000

1 month-6 months -0.42 1.165 -3.97 3.12 1.000

1 month-12 months -1.55 0.861 -4.17 1.07 0.826

3 months-6 months 0.675 0.883 -2.01 3.367 1.000

3 months-12 months -0.450 1.090 -3.77 2.87 1.000

6 months-12months -1.12 0.856 -3.73 1.48 1.000

p <0.05 is considered statistically significant based on RM ANOVA with Bonferroni correction
JOAG – Juvenile Open Angle Glaucoma; GDD – Glaucoma Drainage Device
IOP – Intraocular pressure, RM ANOVA – Repeated measure Analysis of Variance
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healing process in the younger age group [19]. Never-
theless, in general, primary augmented trabeculectomy 
showed better IOP control (below 10 mmHg) compared 
to GDD implantation (above 12 mmHg) in this short 
12-month observation. 

The main limitation of this study was the small number 
of eyes with GDD implantation as primary intervention. 
GDD implantations were mostly reserved as secondary 
intervention when trabeculectomy had failed in patients 
with JOAG [20]. To the best of our knowledge, there has 
been no study that compares primary surgical interven-
tions between trabeculectomy and GDD implantation 
in patients with JOAG. Both surgical interventions pro-

vide a  reduction of IOP, but primary augmented trabe-
culectomy shows better and stable IOP control in patients 
with JOAG. A prospective study with a larger number of 
patients is required to determine the best surgical opti-
ons for patients with JOAG. 

CONCLUSIONS

Primary augmented trabeculectomy provides a better 
pressure-lowering effect as a primary surgical interventi-
on, but with a higher incidence of hypotony compared to 
GDD implantation in patients with JOAG. 
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