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XÜLASƏ

Hazırda qlaukoma geri dönməz korluq, əmək qabiliyyətinin itirilməsi 
və əlillik səbəbləri arasında lider mövqelərdən birini tutmağa davam 
edir və bununla da xüsusi sosial əhəmiyyət kəsb edir. Eyni zamanda, 
xəstələnmə hallarının artım tendensiyası qlobal xarakter daşıyır. 
Medikamentoz terapiyasının bütün arsenalına və antiqlaukomatoz 
cərrahiyyə metodlarının təkmiləşdirilməsinə baxmayaraq, daha yüksək 
təhlükəsizlik profili və maksimal effektivliyi təmin edə bilən yeni 
texnologiyaların axtarışı, hazırlanması və tətbiqi oftalmocərrahlar 
arasında böyük maraq doğurmağa davam edir. 
Biz 131 il dövr ərzində qlaukomanın müasir cərrahi müalicə metodları 
ilə bağlı mövcud elmi nəşrlərin təhlilini apardıq. Bu icmal kliniki 
praktikada qlaukoma zamanı geniş istifadə olunan drenaj cihazlarına 
həsr olunub. Xüsusilə, son onillikdə sürətlə inkişaf edən drenaj 
mikroinvaziv antiqlaukomatoz cərrahiyyə texnologiyasına, qlaukoma 
xəstəliyinin erkən və inkişaf etmiş mərhələlərində ənənəvi müalicəyə 
alternativ kimi xüsusi diqqət yetirilir. Məqalədə drenajların tətbiqinin 
tarixi, onların təsnifatı, modellərin xüsusiyyətləri və implantasiya 
üsulları araşdırılır. 
Drenaj cihazlarından istifadə olunan cərrahi metodlarla bağlı 
müxtəlif aspektlərin öyrənilməsinə dair təqdim olunan klinik tədqiqat 
nəticələri bu metodların müasir qlaukoma müalicəsi konsepsiyalarına 
uyğunluğunu aydın şəkildə nümayiş etdirməklə yanaşı, onların tətbiq 
sahəsinin genişləndirilməsinin məqsədəuyğunluğunu göstərir. Cərrahi 
travmanı minimuma endirmək və davamlı hipotenziya effekti əldə 
etmək məqsədilə daha qabaqcıl, patogenez baxımından əsaslandırılmış 
texnologiyaların axtarışının zəruriliyi heç bir şübhə doğurmur. Bununla 
belə, əminliklə demək olar ki, artıq bu gün drenaj cərrahiyyəsi müasir 
qlaukoma müalicə alqoritmində layiqli yer tutur.

Açar sözlər: qlaukoma, qlaukoma drenaj cihazları, “Baerveldt” 
implant, “Ahmed valve”, “Molteno” implant, “PAUL” implant

Akademik Zərifə Əliyeva adına 
Milli Oftalmologiya Mərkəzi, 

Cavadxan küç., 32/15 
AZ1114, Bakı şəh., Azərbaycan 

Korrespondensiya üçün: 
Babayeva Bəyim Raufbəy qızı, 

t.ü.f.d., Akademik Zərifə Əliyeva 
adına Milli Oftalmologiya 

Mərkəzinin böyük elmi işçisi
E-mail: beyimbabayeva@gmail.com  

https://orcid.org/
0009-0001-4784-576X

İstinad üçün:
Qasımov E.M., Babayeva B.R., 

Biləndərli L.Ş. 
Qlaukoma müalicəsində drenaj 

cərrahiyyəsinin dünəni, bu günü və 
sabahı (ədəbiyyat icmalı). 

Azərbaycan Oftalmologiya Jurnalı, 
2025, 17; 3 (54): 71-89. 

(İngilis dilində)

Müəlliflərin iştirakı: 
Tədqiqatın anlayışı və dizaynı: 
Qasımov E.M., Babayeva B.R.

Materialın toplanması və işlənməsi: 
Biləndərli L.Ş., Babayeva B.R

Statistik məlumatların işlənməsi: 
Biləndərli L.Ş., Babayeva B.R.

Mətnin yazılması: 
Biləndərli L.Ş., Babayeva B.R.

Redaktə: 
Babayeva B.R.

Daxil olmuşdur 01.09.2025
Çapa qəbul olunmuşdur 19.09.2025

UOT: 617.7-007.681-089.48

Qasımov E.M., Babayeva B.R., Biləndərli L.Ş.

QLAUKOMA MÜALİCƏSİNDƏ DRENAJ 
CƏRRAHİYYƏSİNİN DÜNƏNİ, BU GÜNÜ VƏ SABAHI 
(ƏDƏBİYYAT İCMALI)

https://doi.org/10.71110/ajo791020251703547189

Müəlliflər münaqişələrin 
(maliyyə, şəxsi, peşəkar və digər 

maraqları) olmamasını təsdiqləyirlər.  



72

ƏDƏBİYYAT İCMALLARI

AZƏRBAYCAN OFTALMOLOGİYA JURNALI • 2025 • 17 • №3 / 54

SUMMARY

Currently, glaucoma continues to occupy one of the leading places 
among the causes of irreversible blindness, loss of ability to work and 
disability, thereby acquiring special social significance. At the same 
time, the trend of increasing incidence is global.
Despite the entire arsenal of drug therapy and the improvement 
of antiglaucoma surgery methods, the search, development and 
implementation of new technologies that can provide a higher safety 
profile combined with maximum efficiency continue to arouse increased 
interest of ophthalmic surgeons. 
We analyzed relevant available publications for a 131-year period 
on the issue of modern methods of surgical treatment of glaucoma. 
This review is devoted to the topic of drainage devices widely used 
in clinical practice for glaucoma. Particular attention is paid to the 
actively developing technologies of drainage antiglaucoma surgery in 
the last decade as an alternative to traditional treatment for initial and 
advanced forms of glaucoma. The article considers the history of the 
use of drains, their classification, characteristics of models and methods 
of their implantation. The presented results of clinical studies on various 
aspects of the application of surgical methods using drainage devices 
not only clearly demonstrate their compliance with modern concepts in 
the treatment of glaucoma, but also dictate the expediency of expanding 
the indications for their use. There is no doubt that further research is 
needed for more advanced, pathogenetically substantiated technologies 
in order to minimize surgical trauma and achieve a stable hypotensive 
effect. However, we can confidently say that drainage surgery already 
today occupies a worthy place in the algorithm of modern glaucoma 
treatment.

Key words: glaucoma, glaucoma drainage devices, Baerveldt implant, 
Ahmed valve, Molteno implant, PAUL implant
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A comprehensive literature search was 
conducted in the PubMed, e-library, Scopus, 
Google Scholar databases using primary and 
secondary keywords: “glaucoma”, “glaucoma 
drainage devices”, “GDD”, “Baerveldt 
implant”, “Ahmed valve”, “Molteno 
implant”, “PAUL implant”. A total of 250 
articles published between 1894 and 2025 
were identified. 

Titles, summaries, and keywords were 
pre-screened for relevance to the topic, 
resulting in 187 articles being selected for 
full-text assessment. The remaining 120 
relevant publications were included in the 
final review and cited. They consisted of 
56 randomized controlled trials (RCTs), 12 
retrospective meta-analyses, and a number 
of additional observational and experimental 
studies, as well as national protocols and 
guidelines, which provide a comprehensive 
overview of the Glaucoma Drainage Device 
(GDD) theoretical justifications and clinical 
implementation.

Purpose
This review was conducted to highlight 

the current situation and trends in glaucoma 
drainage surgery, to evaluate the efficacy, 
safety and sustainability of various GDDs, 
to inform about innovative technologies 
and development trends in this segment 
of glaucoma treatment. Data of 12 major 
meta-analyses were presented to qualify the 
practical effectiveness of GDD as the very 
important and significant part of glaucoma 
management. 

Glaucoma, as a chronic progressive 
neurodegenerative disorder, has been one of 
the leading causes of irreversible blindness 
worldwide for many decades [1]. In 2010, 
4,5 million people were diagnosed with 
bilateral blindness due to glaucoma and 
by 2020, this number had increased to 5.9 
million [2, 3]. According to the World Health 
Organization, various types of glaucoma have 
caused blindness to approximately 8 million 
people globally [4]. The global prevalence 
of glaucoma is estimated at 3.54%, with the 

number of cases projected to increase from 
64.3 million in 2013 to 111,8 million in 2040 
[5, 6].

The irreversible consequences of glaucoma 
highlight its significance in both medical and 
social contexts. In Russia, glaucoma is the 
leading cause of primary disability due to 
eye disease, being the cause of 31% of all 
disability cases, depending on the region [7]. 
In the United States glaucoma affects about 
2% of adults over 40 with incidence rates 
increasing significantly in older population 
[8, 9]. In Azerbaijan, the burden of glaucoma 
averages 14.2 ± 1.3% of all eye and adnexa 
diseases, recorded between 2010 and 2019, 
with a prevalence rate of 14.5 ± 18.7% [10].

Early detection of glaucoma is the 
cornerstone of combating this serious 
disease, which has irreversible consequences 
and a high disability rate. Aggressive 
proactive screenings and prioritizing the 
etiopathogenetic features of glaucoma when 
choosing treatment strategies are crucial for 
its effectiveness and play a decisive role in 
reducing its impact. However, according to 
some studies, even with an adequate treatment, 
about 10% of patients still lose their vision 
[11, 12].

Drug therapy remains relevant and is 
recommended by various protocols as a first-
choice or starting treatment. Considering the 
serious expansion of pathogenetically targeted 
antiglaucoma medicines and their increased 
effectiveness, the therapeutic approach has 
become a vector-forming in the arsenal of 
modern ophthalmologists [13, 14, 15, 16]. 
Prostaglandin analogues, beta-blockers, rho 
kinase inhibitors (ROCK), diuretics, carbonic 
anhydrase inhibitors, cholinergic agonists, 
alpha agonists represent the main groups of 
medications using for the treatment of several 
types of glaucoma [17, 18, 19, 20].

However, some authors argue that 
the shift toward an active observational 
therapeutic strategy has led to negative 
consequences, resulted in deterioration in 
surgical outcomes [21]. Thus, a large-scale 
study on the clinical and epidemiological 



74

ƏDƏBİYYAT İCMALLARI

AZƏRBAYCAN OFTALMOLOGİYA JURNALI • 2025 • 17 • №3 / 54

characteristics of glaucoma in the CIS 
countries and Georgia revealed that surgical 
treatment was performed in 19.3% of cases at 
the initial stage of the disease, and in 37.2% 
and 37.4% of cases at advanced and severe 
stages, respectively [22]. Considering the late 
diagnostic of glaucoma, surgical treatment 
remains the primary method for achieving 
long-term reduction of intraocular pressure 
(IOP) to target levels necessary to maintain 
visual function [23, 24, 25]. 

Another important risk factor in glaucoma 
progression is the IOP fluctuations and 
controlling it is crucial for glaucoma treatment 
due to destructive effect on the optic nerve. 
[26]. However, the clinical polymorphism of 
glaucoma doesn’t allow us to consider any 
of the many actual surgical techniques as 
universal and most effective. 

Currently, the only reliable way to 
stabilize the glaucoma process is to reduce the 
level of ophthalmotonus to target IOP in the 
range of 12-21 mmHg, which is confirmed by 
the results of several large multicenter studies 
[27, 28]. Thus, based on the main indicator – 
targeting low IOP, the criteria for qualifiying 
the stabilization of glaucoma process are the 
absence of additional instillations, need for re-
surgery and availability of vision-threatening 
complications [29].

The first-choice surgery – trabeculectomy, 
remains the “gold standard” in glaucoma 
filtration surgery, but obtained results are 
temporary, unpredictable and unstable due to 
fibrosis and scarring. Almost 60% of filtration 
blebs cause to function within 15 years, 
often a much shorter period, and subsequent 
treatment is limited to cyclodestructive 
procedures [30, 31]. 

This is why the revolutionary idea of 
implanting drainage systems in glaucoma 
treatment has become increasingly popular 
in recent years and is considered as a full-
fledged alternative to trabeculectomy and 
cyclodestruction [32]. Modern models of 
implants made from intact materials, as well 
as the latest surgical techniques based on 
innovational approaches, have brought to 

significant increase of number of drainage 
surgeries even in the early stages of glaucoma 
[33, 34].

Drainage surgery in the treatment of 
glaucoma has become much more relevant 
in most cases. Implantation of the Glaucoma 
Drainage Device (GDD) is the main treatment 
tactic for drug-uncontrolled glaucoma 
and the most common penetrating surgery 
for glaucoma in the world. Its advantages 
include a long-lasting hypotensive effect and 
a relatively controlled IOP level. Originally 
intended for the treatment of secondary 
glaucoma and ineffective trabeculectomy, it 
is now becoming the first-choice surgery type 
for refractory glaucoma [35, 36, 37, 38].

Previously, GDD was used when 
fistulizing surgeries were considered to be 
low-effective or impossible for technical 
reasons. These included patients with 
excessive postoperative scarring of the 
conjunctiva or its pronounced pathology, 
active neovascularization of the iris or 
anterior chamber angle. However, subsequent 
observations have demonstrated more positive 
results compared with trabeculectomy in 
medically uncontrolled glaucoma with a 
lower risk of filtration impairment [39, 
40]. These devices have been shown to be 
successful in controlling IOP in eyes that 
have previously undergone trabeculectomy, 
as well as in uveitic, neovascular, pediatric, 
and progressive glaucoma [41, 42].

Thus, neovascular glaucoma as the main 
type of refractory glaucoma is pathogenetically 
associated with severe ischemic eye diseases, 
such as proliferative diabetic retinopathy and 
ischemic occlusion of the central retinal vein. 
Panretinal photocoagulation and intravitreal 
anti-VEGF injections are used in the 
treatment of neovasular glaucoma to reduce 
ischemia and angiogenic factors, but they 
are not sufficient for sustainable IOP control. 
Currently, the main surgical treatment for 
neovascular glaucoma is the implantation of 
antiglaucomatous drainage devices, and in 
cases of pars plana vitrectomy, it is the only 
effective option [43, 44, 45, 46, 47].
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Main indications for GDD 
implantation:
• Neovascular glaucoma
• Traumatic glaucoma
• Uveitic glaucoma
• Pseudoexfoliative glaucoma
• Pigmentary glaucoma
• Pediatric glaucoma
• Iridocorneal endothelial syndrome
• Post-penetrating keratoplasty glaucoma
• Post-vitreoretinal surgery glaucoma
• Aphakic/Pseudophakic glaucoma
• Failed trabeculectomies
• Sturge-Weber’s syndrome

The main criteria to qualify the GDD:
• IOP control

1. Target range 6-18 mmHg
2. IOP reduction from the baseline ≥20-

30%
3. Sustained IOP control without 

significant fluctuations
• Medication reduction
• Stability of the visual field and optic nerve
• Maintenance or improvement of Visual 

Acuity (VA)
• Endothelial cell density
• Safety profile

1. Minimal or manageable 
complications: hypotony, tube 
exposure, endophthalmitis, corneal 
decompensation

2. No device-related severe adverse 
events

• Surgical success rate
1. Complete success (target IOP achieved 

without medications or reoperation)
2. Qualified success: (target IOP achieved 

with or without medications, but no 
reoperation)

3. Failure: (IOP>defined upper limit, 
IOP <5 mmHg on ≥ 2 visits, vision loss 
from complications, or device removal)

The idea of using drainage to reduce 
intraocular pressure dates back over 100 years. 
In 1886, French ophthalmologist Wecker 

proposed using a gold wire as a drainage 
device. However, trauma of the tissues caused 
by its movement led to the abandonment 
of this revolutionary idea [48]. The use of 
setons for aqueous humor drainage began in 
1906 when silk threads were implanted in 
anterior chamber via paracentesis [49]. Zorab 
used horsehair to drain the anterior chamber 
during the treatment of hypopyon and, a year 
later, to enhance aqueous humor outflow 
in glaucoma surgery [50]. However, the 
postoperative period was often complicated 
by active formation of connective tissue. 
Bick experimented with magnesium wire and 
tantalum foil, but these attempts failed due 
to poor material fixation, leading to frequent 
extrusion and ocular infections [51]. One study 
described the use of platinum drains. Kuljaca 
et al. implanted a Teflon drain in 12 patients, 
achieving a positive hypotensive effect in 
75% of cases. However, Teflon induced 
significant connective tissue formation and 
this is limiting its clinical use [52].

Various materials, including vanadium 
steel, nickel-titanium alloy, stainless steel, and 
even gold, were tested as alternatives. Analysis 
of these studies revealed that the overall 
effectiveness of drainage devices directly 
depends on the material used. The material's 
characteristics determine the inflammatory 
and reparative response of surrounding 
tissues. While this response is a protective 
function of connective tissue, it can lead to 
scar tissue formation, obstructing outflow 
pathways and reducing the hypotensive effect. 
Minimizing this risk requires materials with 
high biocompatibility and low toxicity [53].

The first antiglaucomatous drainage 
device, the Molteno Implant (Figure 1), was 
introduced over 50 years ago by Professor 
Anthony Molteno (1938–2023). His 
pioneering GDD work started in University of 
Cape Town, South Africa, and then prolonged 
at the University of Otago, Dunedin, New 
Zealand. 
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Figure 1. Graphic image of Molteno Implant. 

This valveless device allowed aqueous 
humor to flow from the anterior chamber 
through a silicone tube to an end plate, where 
it was absorbed in the sub-Tenon's space. 
Fibrous capsule formation around the plate was 
expected within 4-6 weeks postoperatively, 
regulating the outflow of aqueous humor [54, 
55]. Molteno developed several modifications 
of the device, including a pediatric version. 
In 1981, he introduced a double-plate implant 
but later returned to single-plate designs with 
larger (175 or 230 mm²) and more flexible 
configurations. Nowadays, the Molteno 
drainage device line is widely used worldwide 
and is manufactured by Innovative Ophthalmic 
Products Inc. (Costa Mesa, CA, USA) and 
Molteno Ophthalmic Limited (Dunedin, New 
Zealand). Newest models of Molteno GDD 
are: Molteno3 Single Plate (Molteno3 S), 
Molteno3 Double Plate (Molteno3 D) and 
Molteno3 Mini. Improvements include lower 
profile design, flexible biocompatible silicone 
tube, sutureless plate fixation system and 
integrated ripcord ligature for flow control 
[56 - 59].

Figure 2. Graphic image of Krupin Valve 

In 1979, Professor Theodore Krupin from 
Northwestern University Medical School 
(Chicago, USA) introduced the first valved 
antiglaucomatous drainage device, where the 
valve provided resistance to aqueous outflow. 
The valve automatically opened at an IOP 
of 11-16 mmHg and closed at 1-3 mmHg. 
Krupin Valve played a significant role in the 
evolution of GDD and in common glaucoma 
surgery (Figure 2). It rarely used today due 
to more effective and predictable alternatives 
[60, 61, 62].

In early 1980s, Dr. Stephen S. Shocket 
conceived and developed the idea of using 
a tube connected to a 360-degree encircling 
band as a drainage for glaucoma treatment 
with initial cases dating to around 1983-
1985. The ACTSEB (Anterior Chamber Tube 
Shunt to an Encircling Band) remained a 
niche technique used in some unpredictable 
situations, but it has historical value in the 
development of latest GDDs as non-valved 
and biologically modulated procedure. Later, 
in association with Dr Ahmed was created 
the Shockmed valve, which combined the 
ACTSEB procedure with Ahmed Valve 
implantation [63, 64, 65].

Figure 3. Graphic image of Baerveldt® 
Glaucoma Implant

Professor George Baerveldt supported 
the concept of non-restrictive drainage and, 
in 1990, (FDA approved in 1995) introduced 
his model of the GDD in California, USA, 
which quickly gained global popularity. The 
American Glaucoma Society awarded him 
the Innovator Award for his extraordinary 
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contributions to glaucoma research and 
surgical innovations [66 – 70]. The new 
drainage device used softer silicone, but the 
plate size was significantly larger (250 and 350 
mm²). Over the years, numerous modifications 
of the Baerveldt implant (Figure 3), including 
pediatric versions, have been developed. But 
generally, it stays relatively unchanged due 
to well-established performance. These are 
manufactured by Johnson & Johnson Vision 
Care, Inc., and distributing by Advanced 
Medical Optics, Inc. (Santa Ana, CA, USA) 
[71, 72, 73].

Figure 4. Graphic image of Ahmed® Glaucoma Valve  

In 1993, Abdul Mateen Ahmed introduced 
the Ahmed® Glaucoma Valve, a valved device 
with self-regulating silicone membranes that 
open automatically when IOP exceeds 8-10 
mmHg. The device has undergone numerous 
modifications, significantly improving its 
effectiveness and ease of use (Figure 4). These 
modifications have focused on simplifying 
implantation techniques, enhancing IOP 
control, and reducing acute postoperative 
hypotony [74, 75, 76]. Pressure-sensitive 
venture valve opens when IOP exceeds 8-10 
mmHg. This GDD, as well as its newest 
versions, are manufactured by New World 
Medical Inc., USA.

It should be noted that despite the large 
numbers of GDD models from different 
manufacturers, the implantation of the device 
has common similar technical principles and 
treatment regulations. The superotemporal 
quadrant is the gold-standard site for GDD 
implantation. It provides the easiest surgical 

access, avoids superior oblique tendon, 
minimizes risk to long posterior ciliary nerves 
and provides a large surface area for bleb 
formation. If superotemporal placement is not 
available due to scarring, conjunctival fibrosis 
or previous surgery, GDD can be implanted 
in different locations. Thus, superonasal 
quadrant is more difficult for exposure due to 
being near superior oblique tendon and nasal 
structures, inferonasal – more technically 
challenged and higher risk of tube-corneal 
touch because of inferiorly shallower AC, 
inferotemporal – harder exposure and higher 
risk of plate extrusion and patient discomfort. 
GDD’s plate should be sutured 8-10 mm 
posterior to the limbus on sclera and must be 
placed under Tenon’s capsule and conjunctiva 
to reduce the risk of exposure. 

The tube of GDD can be positioned in 
several anatomical sites depending on the 
patient’s ocular status and surgical goals. 
Anterior chamber is most common position, 
when tube passes through peripheral cornea 
into AC. It is the easier technique with 
predictable results, suitable for standard eyes 
with adequate chamber depth. Creates the 
risks of endothelial cells loss and corneal 
decompensation. Ciliary sulcus or Posterior 
Chamber position is useful in pseudophakic 
eyes, in eyes with shallow AC and high risk of 
corneal damage. It’s more difficult technically 
and can create the iris contact and pigment 
dispersion. 

After vitrectomy, the GDD plate is placed 
as usual on sclera, but the tube is directed into 
the pars plana, 3-3.5 mm posterior to limbus, 
and covered with a patch graft. Complete 
vitrectomy is essential to avoid vitreous 
blocking the tube.

Figure 5. Graphic image of Ahmed ClearPath®  
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Pars plana tube placement is preferable 
after corneal transplantation, when shallow 
anterior chamber, extensive peripheral 
anterior synechiae, pediatric eyes with corneal 
risk and in patients undergoing combined 
PPV+GDD implantation [77-81].

Today, antiglaucomatous drainage devices 
come in various sizes, materials, and designs, 
with or without valves to regulate IOP. The non-
valved Ahmed ClearPath® was developed as 
part of Ahmed family of implants and has the 
pre-threaded tube design to reduce the error 
in tube positioning, rounded posterior plate 
to minimize the conjunctival stress and low-
profile plate to avoid the erosion risk (Figure 
5). It requires the intraoperative ligature, 
stenting and fenestartions to manage the 
flow [82, 83]. Newest ClearPath® ST offers a 
smaller profile tube of 127 μm and a 457 μm 
outer diameter. This option allows surgeons 
for more flexibility to accommodate different 
patient needs and surgical preferences.

Figure 6. Graphic image of Aurolab Aqueous 
Drainage Implant 

The non-valved Aurolab Aqueous 
Drainage Implant is a GDD developed 
by Aurolab, the manufacturing division of 
Aravind Eye Care System, India (Figure 6). 
It was modeled to offer a low-cost alternative 
for managing refractory glaucoma. It is made 
from medical-grade silicone, with the plate 
size – 350 mm² and ligature and intraluminal 
stenting to prevent postoperative hypotony. 
Aurolab creates a subconjunctival filtering 
bleb by draining aqueous humor through 
a silicone tube into episcleral plate, which 
allows for gradual absorption into surrounding 
tissue. The mechanism is very similar to 
Baerveldt GDD, but due to significantly 

lower cost is suitable for the large-scale use in 
public health systems [84-87].

Figure 7. Graphic image of Susanna GDD 

The Susanna Glaucoma Drainage 
Device was developed by Dr. Remo Susanna, 
Brazil, designed as a non-valved implant 
intended as a low-cost alternative for 
managing the refractory glaucoma (Figure 7). 
It follows up the successful design principles 
of other large-plate GDDs, but its thinner plate 
with fenestrations enhances stability, making 
it less mobile comparing with other GDDs. 
Some authors presented 86.4% success rate 
with very few severe complications (4.5%), 
another publication states that at 6 months 
successful rate were 73% for neovascular and 
86% for refractory glaucoma [88 - 90].

Figure 8. Graphic image of Virna GDD 

Virna GDD is the newest non-valved 
implant designed to lower the IOP. This device 
was developed by Rohto Corp., Indonesia, to 
cover the local need for glaucoma drainage 
implants (Figure 8). Virna designed for use 
in advanced or uncontrolled glaucoma cases 
[91, 92]. 

The Paul® Glaucoma Implant is a newer 
generation non-valved glaucoma drainage 
implant designed to lower the IOP in patients 
with refractory or advanced glaucoma (Figure 
9). It was developed by Advanced Ophthalmic 
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Innovations, France, in collaboration with Dr. 
Paul Chew and designed to improve the safety 
and efficacy while minimizing complications 
associated with the earlier devices. 

Figure 9. Graphic image of Paul® Glaucoma 
Implant  

Main advantages are thinner and more 
flexible tube to decrease corneal endothelial 
cells loss, smaller inner diameter (0.127 mm) 
to lower the risk of postoperative hypotony, 
lower-profile plate made from biocompatible 
medical-grade silicone to minimize the 
conjunctival erosion. In accordance with some 
clinical studies IOP reduction after Paul GDD 
implantation is 50-60%, medication burden 
reduced by 2-3 medications in average and 
lower complications rate [93 - 98].

It should be noted that pediatric versions 
of drainage devices have recently begun 
to be actively used in the treatment of 
glaucoma [83]. The most recognized GDD 
for implantation in children are Ahmed FP8, 
Molteno, Baerveldt and Paul usually with 
some modifications. The choice depends on 
the child’s age, eye size, glaucoma type and 
surgeon preference. Here are more risks for 
encapsulation and fibrosis due to stronger 
healing response in children. Tubes may need 
revisions or repositioning as the eye grows 
[99 - 102].

Non-valved devices include: 
• Molteno (IOP Inc., USA, and Molteno 

Ophthalmic Limited, New Zealand), 
• Baerveldt (Advanced Medical Optics, 

Inc., USA), 
• Eagle Vision implants (Eagle Vision, Inc., 

USA), 
• Ahmed ClearPath (New World Medical, 

Inc., USA)
• Aurolab Aqueous Drainage Implant 

(Aurolab, Aravind Eye Care System)
• Paul Glaucoma Implant (PGI, Advanced 

Ophthalmic Innovations, Singapore).

Valved devices include: 
• Krupin Eye Valve with Disk (Hood 

Laboratories, Pembroke, MA),
• Ahmed Glaucoma Valve (AGV, New 

World Medical, USA), 
• Schockmed valve (a modified Ahmed 

valve using the Shocket’s ACTSEB 
technique) 

Figure 10. Graphic image of Eye Watch System 

Some newly designed GDDs can be 
adjusted post-operatively to reduce the 
incidents of hypotony and hypertension and 
thus creates a 3rd group: GDD with adjustable 
valve. These devices include the eyeWatch 
(eW, Rheon Medical, Switzerland) (Figure 
10). The eyePlate has a deformable silicone 
tube that can undergo targeted compression 
to alter its cross-sectional area and thereby 
change fluidic resistance. Post-operatively IOP 
may be changed non-invasively by moving 
the position of an internal magnetic rotor with 
an external control unit – the eyeWatch Pen. 
A pilot study announces a complete success 
rate of 40%. Adjustable GDDs may reduce 
the need for intra-operative measures, such as 
tube ligation, and enable better postoperative 
IOP control. Some clinics used the part 
of EyeWatch system – eyePlate-300 and 
eyePlate-200 – as a stand-alone GDD [103, 
104, 105].
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Figure 11. Graphic image of GORE Glaucoma 
Drainage Implant

The GORE Glaucoma Drainage 
Implant (GORE GDI) is an investigational 
non-valved glaucoma drainage device 
developed by W.L.Gore & Associates, Inc., 
USA, (www.gore.com) using expanded 
polytetrafluoroethylene (ePTFE), a 
biocompatible, microporous material to 
prevent the excessive scarring (Figure 11). 
This device demonstrates an improved tissue 
integration than silicone- or propylene-
based GDDs and allow to expect potentially 
lower rates of encapsulation [106, 107]. 
Considering modern trends in development of 
drainage surgery, it should be noted that many 
scientists in different medical centers and 
countries work on the creation of new GDD. 
It is noteworthy that these developments 
do not modify current devices, but carry 
fundamentally new ideas and methods. 

Figure 12. Graphic image of VisiPlate 

VisiPlate is a next-generation anti-
glaucomatouse device classified as a hybrid 
– minimally invasive GDD developed by 
Avisi Technologies, USA. It is an ultra-thin 
(≈20 µm), extremely low-profile, multi-
layer nanostructure made of titanium. It is 
biocompatible and designed to reduce the 
inflammation and scarring (Figure 12). 

The device made from 400 nm aluminum 
oxide plate coated with a 2-µm layer of 
parylene-C and consists of multiple hexagons 
with intervening channels to provide slow 
outflow. Thus, prevent hypotony and create 
comfortable for the patient less-elevated bleb 
[108]. 

Figure 13. Graphic image of Alloflo Uveo

IANTREK, White Plains, USA, and      
Dr. T. Ianchulev with colleagues introduced 
new Alloflo Uveo uveoscleral dual bio-
spacers micro interventional biostent-
reinforced cyclodialysis technique to enhance 
supraciliary aqueous drainage (Figure 13). 
Biostent comprised decellularised sclera 
allograft tissue microtrephined into a polymer 
tubular implant [109, 110].

Figure 14. Graphic image of Calybreye® TGT® 
Surgical 

The Calybreye® Titratable Glaucoma 
Therapy® (TGT) Surgical System’s, Myra 
Vision Inc., USA, is engineered to put control 
in the hands of ophthalmologists through 
unprecedented adjustable outflow (Figure 
14). The Calibreye Shunt’s 10.0×1.6 mm 
overall dimensions and very low profile (0.30 
mm thick) intended to provide posterior bleb 
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formation to increase aqueous drainage.  has 3 
distinct outflow channels: the standard is open 
in all settings, medium and large channels 
are valve controlled. In accordance with 
press release of Myra Vision, they secured 
FDA Approval to initiate US IDE Study in 
Glaucoma. (www.myravision.com) 

Figure 15. Graphic image of Intercil® Uveal Spacer 

The Intercil® Uveal Spacer, Ciliatech 
SAS, France, is the first ever Cilioscleral 
Interpositioning Device (CID), belongs to a 
new category of glaucoma procedure known 
as the Cilioscleral Interpositioning. Intercil® 
doesn’t enter the anterior chamber, is ab-
externo implanted and bleb frees (Figure 15). 
Ciliatech engineered it to create the localized 
gap between the ciliary muscle and the sclera. 
This spacing decreases the resistance to the 
passage of aqueous humour into this area and 
will lead to a physiological reduction of IOP 
by re-establish the natural uveo-scleral flow to 
the choroidal circulation. Trapezoidal shaped 
implant (7 × 3.4 × 0.6 mm) is a non-resorbable 
one-piece device made of hydrophilic acrylic 
and characterized by high biocompatibility. 
It designed with grooves and corrugations 
to maximize the outflow from the anterior 
chamber to the suprachoroidal space [111]. 
Ciliatech are currently working with key 
regulatory bodies around the world in order 
to obtain formal licenses in preparation for 
formal commercialization. Intercil® received 
CE mark approval in August 2025 (www.
cilia.tech). 

Market Scope (www.market-scope.
com) recently published the 2025 Glaucoma 
Surgical Device Market Report, which 
provides an analysis based on six years of 

global sales data and evaluates emerging 
trends for future projections. According to 
the report, microstents represent the largest 
share of utilization (44.8%), followed by 
canal surgery devices (23.5%), laser-based 
procedures (12.3%), tube shunts (10.9%), 
and subconjunctival shunts (8.4%). This 
information is extremely important for 
understanding the prevalence of certain 
devices and, accordingly, surgical techniques. 
It impartially demonstrates the preferences 
of surgeons, based on the results of their 
clinical practice and highlights the further 
development (Table 1).

Narrative review of meta-analysis 
There is a vast number of studies 

dedicated to the GDDs, their advantages 
and disadvantages, implantation techniques, 
efficacy and complications. In this review 
we would like to present the results of latest 
large multicenter meta-analysis of GDDs. 
Thus, typically refers to comprehensive 
research studies that combine data from 
multiple clinical centers and trials to evaluate 
the common information in managing of 
glaucoma. This improves the accuracy of 
conclusions about treatment efficacy, safety 
and risk factors.

The meta-analysis performed by Serhan 
H.A. and co-authors reviewed 8 studies 
(474 eyes) for comparison between GDD 
(Ahmed valve and Baerveldt) implanted and 
trabeculectomy underwent eyes condition. 
It revealed no significant difference in IOP 
reduction, but GDDs were associated with 
higher rates of complications: cystoids 
macular edema (15% vs 4%, P<0.001), need 
for revision surgery (11% vs 6%, P = 0.04), 
and uveitic flare (5% vs 0%, P = 0.001). 
However, trabeculectomy had a higher risk 
of cataract progression (7% vs 1%, P<0.001) 
[112].

3 studies comprised by Dr. Raja S. and 
team, a total of 176 individuals with refractory 
glaucoma, with 107 patients received the 
AADI and 69 patients received the BGI. 
This meta-analysis, using a random-effects 
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Table 1.  Main characteristics of GDD
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Valved

Ahmed® 
Glaucoma Valve 

FP7/FP8, S2

New World 
Medical, 
Inc., USA

184 mm²/
96 mm²,       
184 mm²

0.305 
mm

0.635 
mm

Flexible 
silicone/Rigid 
polypropylene

40-50%
Venturi-

based valve 
mechanism 

Krupin Valve 
with Disk

Alcon Inc., 
Switzerland/

USA
183 mm² 0.30 

mm
0.64 
mm

Medical –grade 
silicon 40-55%

Pressure-
sensitive 

valve

Adjustable 
valve

EyeWatch® 
System with 

EyePlate

Rheon 
Medical, 

Switzerland
250 mm² 0.30 

mm
0.64 
mm

Titanium 
housing/silicon 

plate
40-55%

External 
magnetically 

adjustable 
valve

Non-valved

Molteno3® 
Glaucoma 

Drainage Device 
S150/D270

Molteno 
Ophthalmic 
Ltd, NZ/IOP 

inc., USA

150 mm² 
270 mm²

0.305 
mm

0.635 
mm

Medical-grade 
polypropylene 

or silicone
55-60%

Ligatura/
Ripcord/

venting slits

Baerveldt® 
Glaucoma 
Implant

Johnson & 
Johnson 
Surgical 
Vision

250 mm²    
350 m²/
0.84mm

0.3 mm 0.63 
mm

Medical-grade 
silicone 40-60%

Ligatura/ 
ripcord/ 
staged 

opening

Ahmed 
ClearPath®

New World 
Medical, 
Inc., USA

250 m²    
350 mm²/

1.9mm

0.305 
mm

0.635 
mm

Medical-grade 
silicon 45-50%

Ligatura/
intraluminal 

stenting

Paul® Glaucoma 
Implant

Advanced 
Ophthalmic 
Innovations, 
Switzerland

342 mm² 0.127 
mm

0.467 
mm Silicone 50-60% Ligatura/

venting slits

Aurolab Aqueous 
Drainage Implant

Aurolab, 
Aravind Eye 
Care System, 

India

350 mm² 0.3 mm 0.63 
mm

Medical-grade 
silicon 50-65%

Ligatura/
intraluminal 

stenting

Susanna 
Glaucoma 

Drainage Implant

Kinner 
Silicone 
Rubber 

Industria 
Comercio 

Ltda., Brazil

200 mm²
/0.5 mm 230 µm 530 

µm
Medical grade, 

soft silicon 55-65% Ligation/
fenestration

Virna® Glaucoma 
Drainage Device

Virna S.p.A., 
Italy 350 mm² 0.30 

mm
0.60 
mm

Medical-grade 
silicon 60-70%

Ligation/
stenting/

fenestration

GORE® 
Excluder® 
Glaucoma 

Drainage Implant

W.L. Gore & 
Associates, 

USA
200-230 mm² 0.30 

mm
0.60 
mm

Expanded 
Polytetrafluoro-

ethylene 
(ePTFE, Gore-

Tex®)

35-50%
Ligation/
stenting/

fenestration

Non-Valved 
Hyb

VisiPlate® 
Glaucoma 

Drainage Device

Avisi 
Techno-

logies, USA
96 mm² 0.07-

0.1 mm

0.25-
0.3 
mm

Composition 
of alumina and 

Parylene-C
30-40%

Gradual flow 
control due 

to very small 
inner lumen

model, demonstrated a statistically borderline 
significant reduction in postoperative IOP in 
patients with the AADI compared to the BGI 
group at 3 months (MD: -2.74; 95% CI [-5.47; 
-0.01]; p = 0.05; I² = 0%), while at 6 months, 

the decrease was not statistically significant 
(MD: -3.77; 95% CI [-8.42; 0.88]; p = 0.11; 
I² = 68%). By the 12 months follow-up, no 
significant difference in postoperative IOPs 
was observed between the 2 groups (MD: 
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-1.19; 95% CI [-3.90; 1.53]; p = 0.39; I² = 
0%). Surgical success rate in 2 groups had 
a statistically nonsignificant difference and 
similar overall complication incidence rate 
[113].

The meta-analysis performed by Raja A. et 
al. earlier indicates that the Molteno implants 
demonstrate greater success in sustaining low 
IOP, however the Ahmed valve exhibits fewer 
overall complications [114].

Dr. Hong M. included 825 eyes (820 
patients) from 6 studies to his meta-analysis 
comparing the results of Aurolab Aqueous 
Drainage Implant and Ahmed Glaucoma Valve 
implantations. Weighted mean difference of 
the IOP reduction between those implants 
were 0.58 (95% CI: 0,07 - 1.09) at 3 months, 
0.44 (95% CI: 0,11 - 0.77) at 6 months, 2.20 
(95% CI: 0.63 - 3.77) at 12 months, and 
3.24 (95% CI: 1.73 - 4.75) at the follow-up 
endpoint; of the reduction in antiglaucoma 
medication were 0.87 (95% CI: 0.61 - 1.13) 
at 6 months, 1.04 (95% CI: 0.66-1.42) at 12 
months and 0.93 (95% CI: 0.52 - 1.34) at the 
follow-up endpoint. The pooled odds ratio 
comparing AADI and AGV were 3.64 (95% 
CI: 2.44 - 5.45) for the complete success rate 
and 1.72 (95% CI: 1.24 - 2.39) for qualified 
success rate [115].

18 studies (946 eyes) follow-up the Paul 
Glaucoma Implant (PGI) implantation were 
analised by Dr. Carla M. and colleagues. 
The PGI demonstrated mean IOP reduction 
ranged from 14,8 mmHg to 19,1 mmHg, 
depending on follow-up duration and patient 
characteristics. Complete success rates ranged 
from 38.4% to 75%, while qualified success 
rates were consistently high, reaching up to 
93.2% [116].

32 studies (1221 eyes, 885 patients) were 
included in the study hold by Dr. Stallworth J. 
and colleagues. The findings show that Ahmed 
and Baerveldt shunts substantially reduced 
IOP for at least 24 months of childhood 
glaucoma, with similar findings among device 
types and glaucoma etiologies [117].

Dr. Ramdas W.D. and co-authors from 
Erasmus Medical Center, Netherlands, 

performed the meta-analysis to compare 
their own results with the 24 studies from 
PubMed database. It showed no significant 
differences between patients with and without 
uveitis in the IOP reduction (44.9% vs 42.8% 
respectively), postoperative weighted mean 
difference of - 17.8 mmHg and 2.2 lower 
number of IOP-lowering medications in 
uveitic glaucoma compared to -13.2 mmHg 
and 3.5 in current study, respectively [118].

13 cohort studies (562 eyes) were included 
in meta-analysis performed by Dr. Pan S.Y. 
and his team. The effects of trabeculectomy 
with or without antifibrotic agents, valved or 
non-valved GDDs and medical treatment were 
compared. According to their results, valved 
GDD was more effective in controlling IOP 
and preserving the corneal grafts. UTherefore, 
they assume the valved GDD as the preferred 
surgical approach for the treatment of post-
PKP glaucoma [119].

One of the latest reviews Dr. Garg A. 
stated, that the future of glaucoma surgery 
lies in balancing the safety and efficacy of 
traditional GDDs with the minimally invasive 
nature of MIGS. While GDDs still crucial for 
advanced cases, MIGS are expected to expand 
their reach. Innovations in materials, smart 
technologies, and personalized treatment 
approaches will shape the future landscape, 
offering patients safer, more effective options 
to manage their glaucoma [120].

Conclusion
Summarizing, we can estimate the GDDs 

as a pathogenetically justified and clinically 
essential modality in the modern management 
of glaucoma. The active development of 
MIGS as another modern method of glaucoma 
treatment in no way diminishes the role of 
GDD, forming and expanding a specific 
niche for each of them. An analysis of current 
trends indicates that the future modernization 
of GDDs will focus on three key domains: 
enhancing safety, improving efficacy, and 
maximizing patient comfort.
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