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Abstract

Purpose: Glaucoma is a leading cause of irreversible blindness worldwide. Although less common in children,
pediatric glaucoma is a serious condition that can impair visual development and cause permanent vision loss.
Management is particularly challenging in refractory cases where intraocular pressure (IOP) remains uncontrolled
despite medications and previous surgeries. Ahmed Glaucoma Valve (AGV) implantation has shown favorable
outcomes, while cyclodiode laser therapy has produced variable results. However, direct comparisons between
these treatments remain limited, especially in resource-limited settings. This study aimed to compare the safety
and efficacy of AGV implantation and cyclodiode laser therapy after six months in refractory pediatric glaucoma
patients.

Materials and Methods: This quasi-experimental study was conducted at the pediatric ophthalmology
department of Al Ibrahim Eye Hospital, Karachi, with a six-month follow-up from November 2024 to April 2026.
Eligible patients underwent either Ahmed Glaucoma Valve (AGV) implantation (Group A) or cyclodiode laser
therapy (Group B). Patients with prior AGV or cyclodiode treatment and those lost to follow-up were excluded.
Data were analyzed using SPSS.

Results: Among 76 pediatric patients, the AGV group achieved lower mean IOP at 6 months (16.0 vs. 20.2 mmHg,
p=0.001), greater IOP reduction (52.9% vs. 40.2%, p=0.002), higher success rates (79.0% vs. 60.5%, p=0.031),
and required fewer postoperative medications (p=0.012) than cyclodiode group, with similar complication rates.

Conclusion: Ahmed Glaucoma Valve implantation demonstrated statistically significant better results as
compared to Cyclodiode Laser Therapy at 6 months in pediatric refractory glaucoma.
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INTRODUCTION

Glaucoma, a progressive optic neuropathy, characterized by optic disc changes and corresponding visual field
defects usually in the setting of raised intraocular pressure (IOP) [1]. Although less common in children, pediatric
glaucoma is a serious eye condition that can lead to permanent vision loss. It includes both primary (congenital)
and secondary types and is recognized worldwide as an important cause of blindness in children [2].

Early onset of glaucoma and inadequate management can cause a life-long disability of poor vision. Pediatric
glaucoma therefore causes significant psychological impact and much greater socio-economic impact in
comparison to glaucoma in adults [3]. One such type of pediatric glaucoma known as pediatric refractory
glaucoma is termed as glaucoma with uncontrolled intraocular pressure (IOP > 21 mmHg on Goldmann
applanation tonometry) with documented glaucomatous damage despite being on triple therapy (i.e. 3 different
groups) of topical antiglaucoma medications, and previously failed non-seton surgical intervention, or high
clinical risk of trabeculectomy failure. [4]. Due to physiological and anatomical variations among children,
management of pediatric refractory glaucoma remains a challenging task. In such cases, conventional
trabeculectomy surgery shows high rates of failure [5,6]. Moreover in pediatric refractory cases, multiple issues
are observed such as surgical side effects, poor compliance issues and lack of data on long-term efficacy of
treatments [7].

Surgical interventions include trabeculectomy, glaucoma drainage devices and cyclodestructive procedures. The
choice of surgical technique depends upon various aspects including but not limited to severity of disease and any
previous interventions. AGV aids in providing a controlled outflow pathway and effectively lowers IOP being
widely utilized especially in cases of pediatric refractory glaucoma. However there are some limitations of AGV
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such as risk of tube displacement, implant exposure, fibrosis and hypotony. Under complicated conditions this is
a high risk surgery, requiring surgical expertise [8-11].

Another commonly used treatment for refractory pediatric glaucoma is Cyclodiode Laser Therapy a
cyclodestrcutive procedure that uses a diode laser for reducing production of aqueous humor through ablation of
ciliary body. Though a minimally invasive procedure it is useful for patients having a poor surgical prognosis.
However, as the procedure cannot produce predictable outcomes and is irreversible, it carries high risk of
hypotony, inflammation and phthisis bulbi, thereby having variable success rates [12-14].

With regards to comparison of AGV and cyclodiode laser therapy, limited comparative data exists between AGV
implantation and laser therapy especially among the pediatric populations. For refractory glaucoma, both
techniques are seldom used. But their comparison is fairly limited [15,16]. This research was therefore carried out
to compare the safety and efficacy of AGV implantation and cyclodiode laser therapy after six months among
pediatric patients having refractive glaucoma.

METHODS

This quasi experimental research was carried out at the pediatric ophthalmology department of Al Ibrahim Eye
Hospital, Karachi for a follow up period of six months starting from November 2024 to April 2026. Using non-
probability consecutive sampling, pediatric patients of either gender ranging in ages from newborn to 16 years
diagnosed with refractory pediatric glaucoma were included in the study. Patients presenting to the hospital during
the study time period were scheduled for either Ahmed Glaucoma Valve implantation (group A) or Cyclodiode
laser therapy (group B) were included. Pediatric patients with a history of cyclodiode laser therapy or AGV
implantation were excluded. Patients lost to follow up were also excluded from final analysis.

Sample size was calculated on OpenEpi software taking efficacy of AGV as 70%(5) and efficacy of cyclodiode
laser therapy as 89%(24) taking 80% power of test and 95% confidence interval. The calculated sample size is
140 (70 in each), but the achievable sample size was expected to be 70 (35 each group) to rarity of the disease.
During the study period a total of 76 patients completed follow up with 38 patients in each group.

Ethical approval was taken from IRB and CPSP. Pediatric patients that presented to pediatric eye OPD of the
hospital and diagnosed with pediatric glaucoma were assessed according to inclusion and exclusion criteria and
included or excluded from the study. After selection of patients, informed consent was taken from the parents or
their guardian. After informed consent, demographical and clinical data was recorded using a pre-designed
questionnaire. Patients will either receive Ahmed Glaucoma Valve (AGV) as in group A or cyclodiode treatment
as in group B. AGV was defined as implantation of a glaucoma drainage device for diverting aqueous humor from
anterior chamber to sub-conjunctival bleb while cyclodiode laser therapy was defined as trans-scleral diode laser
ablation of ciliary processes aiming to reduce production of aqueous humor for decreasing IOP. Patients were
scheduled for regular follow ups in the OPD till six months after treatment. Thorough clinical examination was
performed at each follow up and recorded.

For data analysis SPSS v26.0 was used. For data collection, age, pre-operative, post-operative intra ocular pressure
were collected and reported as mean and standard deviation after testing of the quantitative variables for normality
using Shapiro Wilk test. For qualitative variables such as gender, site, progression of glaucoma and post-operative
complications were reported as frequency and percentages. For comparison of outcomes on day 1, week 1, month
1, month 2" and month 6™ (follow up) between group A and group B, Fisher exact or chi-square test were applied
where applicable and p <0.05 was considered as statistically significant. Controlling of effect modifiers like age,
gender and locality were done by both stratification and post-stratification.

RESULTS

The baseline demographic and clinical features of included patients are presented in Table I according to the type
of treatment done. Group A underwent Ahmed Glaucoma valve surgery while group B underwent Cyclodiode
Laser Therapy. The variables include age, gender, type of glaucoma (primary congenital, secondary (uveitic) or
aphakic (post-surgical), baseline IOP (mmHg) and any history of prior glaucoma surgeries. Both groups were
similar at baseline and there was no statistically significant difference noted between them [Table I].

Table I: Baseline Demographics and Clinical Features of Included Pediatric Patients (n=76)

Group A Group B
Variable Ahmed Glaucoma Valve Cyclodiode Laser Therapy p-value
(n=38) (n=38)
Age (years), mean + SD 59+4.1 6.3+52 0.691
Gender, n (%)
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Medications (mean)

Male 21 (55.3%) 20 (52.6%) 0.641
Female 17 (44.7%) 18 (47.4%) —
Glaucoma Type, n (%)
Primary Congenital 18 (47.4%) 17 (44.7%) 0.814
Secondary (Uveitic) 11 (28.9%) 12 (31.6%) 0.801
Aphakic / Post-surgical 9 (23.7%) 9 (23.7%) 1.000
Baseline IOP (mmHg), 342+ 6.4 33.8+6.1 0.776
mean = SD
Cup-to-Dlsc Ratio, mean 0.74+0.12 0.72+0.13 0.483
SD
Prior Glaucoma
Surgeries, n (%)
None 14 (36.8%) 16 (42.1%) 0.634
1 Previous Surgery 16 (42.1%) 14 (36.8%) 0.634
2 or More Surgeries 8 (21.1%) 8(21.1%) 1.000
Pre-op I0P-lowering 26408 25409 0.572

Regarding surgical outcome and complications at 6" month follow up, a significant difference was observed
between the IOP at baseline and at six month follow up for both groups A and B was highly statistically significant.
Overall higher surgical success was reported in group A (AGV) but it was not significantly different from group
B. In terms of complications, 14 (36.8 %) incidence of frequency of complications were observed in group A
while 10 (26.3 %) were reported in group B. However, the difference was not found to be statistically significant

[Table II].

Table II: Surgical Qutcomes and Complications at 6th-Month Follow-up (n=76)

(Complete + Qualified)

Group A Group B
. Ahmed Cyclodiode
Outcome Variable Glaucoma Valve Laser Therapy p-value
(n=38) (n=38)
orae MothSJ()mmHg)’ mean = 16.0+3.8 20.2+43 0.001*
10P . .
IOP Reduction from Baseline (%) 52.9% 40.2% 0.002*
Outcomes
Post-op IOP-lowering Medications, 0809 14+10 0.012*
mean + SD
Y -
Comp'etegucce“’ “d( /"2.(101) 6211 55 (57.9%) 14 (36.8%) 0.066
Surgical mmHg, no medications)
Success :
Qualified Success, n (%) (IOP 6-21 o o
mmHg, with medications) 8 21.1%) 9 (23.7%) 0.790
Overall Success 79.0% 60.5% 0.031%
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Failure (Requiring further intervention), n (%) 8 (21.1%) 15 (39.5%) 0.083
Complications

Total Complications, n (%) 14 (36.8%) 10 (26.3%) 0.317

Hypotony (IOP < 6 mmHg) 3 (7.9%) 4 (10.5%) 0.690

Tube / Device Exposure 4 (10.5%) 0 (0.0%) 0.040%*

Hyphema 2 (5.3%) 3 (7.9%) 0.643

Corneal Edema (transient) 2 (5.3%) 2 (5.3%) 1.000

Posterior uveitis 0 (0.0%) 1 (2.6%) 0.313

Repetition or Revision of Procedure 3 (7.9%) 5 (13.2%) 0.456
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Figure I: Graphical representation of mean intraocular pressure at baseline till 6 months post-operative
between group A (AGV) and group B (CLT) (n=76)

Figure I show the mean changes in intra ocular pressure over the period of six months from baseline. The
intraocular pressures were measured in both groups at week 1, month 1, 3 and finally at 6" month post-operative.
Group A (AGV) demonstrated a steeper and greater mean reduction in intraocular pressure (16.1 versus 20.2

mmHg) over six months postintervention than group B (CLT).

Kaplan Meier surgical success probability showed that, group A (AGV) demonstrated higher success rates at each

follow up interval viz. week 1, month 1, 3" and finally at 6 then group B (CLT) [Figure II].

Genetics and Molecular Research 25 (10s): 2026




i \
90
(V]
© 85 \ \
v
7]
Y a0
o
=
3 \
75 \
70 \
65
Baseline 1 week 1 month 3 months 6 months
Group A (AGV) 100 94.7 92.1 89.5 81.6
Group B (CLT) 100 89.5 84.2 78.9 65.8

Figure II: Kaplan Meier Surgical Success Probability Graph between both groups (IOP £21 mmHg without
additional surgery) (n=76)

DISCUSSION

A total of 76 pediatric patients with refractory glaucoma were included in this study and equally divided into two
groups undergoing Ahmed Glaucoma Valve (AGV) implantation or Cyclodiode Laser Therapy (CLT). Baseline
demographic and clinical characteristics including age, gender, glaucoma subtype, baseline intraocular pressure
(IOP), cup-to-disc ratio, prior glaucoma surgeries, and pre-operative medication burden were comparable between
both groups, suggesting adequate matching between treatment arms.

At six months follow-up, AGV implantation demonstrated significantly better IOP control compared to CLT, with
mean post-operative IOP of 16.0+£3.8 mmHg versus 20.2+4.3 mmHg respectively (p=0.001). Similarly,
percentage reduction in IOP from baseline was significantly greater in the AGV group (52.9% vs. 40.2%,
p=0.002). Overall surgical success was also significantly higher among AGV-treated patients (79.0% vs. 60.5%,
p=0.031). Although complete success rates were higher in the AGV group, the difference did not reach statistical
significance, while qualified success rates remained comparable between groups. Furthermore, patients
undergoing AGV required significantly fewer post-operative anti-glaucoma medications.

The overall complication rates between both groups were not significantly different. However, tube or device
exposure was observed only in the AGV group, reflecting device-related complications associated with drainage
implants. In contrast, one patient in the CLT group developed posterior uveitis. Despite these complications, both
procedures were generally tolerated without major sight-threatening adverse events in most patients.

The findings of the present study are consistent with previously published literature regarding the efficacy of AGV
implantation in pediatric refractory glaucoma. Fu et al. reported significant and sustained reduction in IOP
following AGV implantation, with success rates exceeding 80% initially, although declining over time [18].
Similarly, the current study demonstrated a 79% overall success rate at six months. Balbaid et al. also observed
significant reduction in IOP among pediatric refractory glaucoma patients treated with cyclophotocoagulation,
although long-term success rates were comparatively lower [19].

Sakaorat et al. evaluated cyclodiode laser therapy as a primary surgical option in young children and reported
meaningful reduction in IOP with acceptable safety outcomes, particularly in patients considered poor candidates
for invasive surgery [20].

However, unlike the current study, their research did not include a direct comparison with AGV implantation.
Vasconcelos et al., in their review on glaucoma drainage devices in children, concluded that AGV provides
effective short-term IOP control, though long-term efficacy may gradually decline due to fibrosis and device-
related complications [21]. The better short-term outcomes observed in the present study are therefore in
agreement with existing evidence.
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Local evidence regarding pediatric glaucoma surgery remains limited. Hussain and Mahmood reported favorable
short-term outcomes of goniotomy in pediatric glaucoma, with success rates exceeding 80% [22]. However,
goniotomy is generally more suitable for early-stage disease, whereas the current study specifically focused on
refractory glaucoma cases where conventional angle surgeries are less effective. Khan et al. compared AGV
implantation with trabeculectomy and found lower post-operative IOP and higher success rates with AGV at six
months follow-up [23]. Their reported AGV success rate of approximately 74% closely corresponds with the 79%
success observed in the present study.

Overall, the present findings suggest that AGV implantation provides superior short-term control of intraocular
pressure with reduced dependence on medications when compared with Cyclodiode Laser Therapy in pediatric
refractory glaucoma. However, longer follow-up studies are still required to determine long-term efficacy,
complication profiles, and real-world functional benefits of both treatment modalities.

Strength of the Study

This study included equal distribution of patients between treatment groups, helping to minimize selection bias.
Standardized definitions of complete and qualified success improved the reproducibility of outcome assessment.
Objective intraocular pressure measurements reduced assessment bias, while inclusion of multiple glaucoma
subtypes increased the generalizability of the findings.

Limitations of the Study

The study was carried out at a single center with limited sample size due to rarity of the condition, which tended
to limit the generalizability of the study. Moreover, the follow up time period was kept at six months, meaning a
more prolonged follow-up of patients and their evaluation could not be carried out. There was lack of
randomization of patients into groups. Furthermore, patient or parent satisfaction and quality of life outcomes
were not assessed in this research.

Future Recommendations

Multi-centered randomized controlled research with greater sample size and longer duration of follow up will help
in further evaluating the superiority of either treatment method. Even analysis of cost-effectiveness should be
carried out between both methods.

CONCLUSION

This quasi-experimental study showed that Ahmed Glaucoma Valve implantation was statistically more effective
than Cyclodiode Laser Therapy in controlling intraocular pressure, achieving higher surgical success rates, and
reducing the need for post-operative medications in pediatric patients with refractory glaucoma at six months.
However, the extent to which these statistical differences result in meaningful practical benefits in real-life settings
remains uncertain.
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