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| ABSTRACT

This paper introduces a novel concept for surgical glaucoma management: a multi-valve implantable strip system designed for
anterior chamber angle placement. The device comprises three micro-valves embedded within a biocompatible strip, each
engineered to activate at specific intraocular pressure (IOP) thresholds (20-25 mmHg, 30-35 mmHg, and >50 mmHg). This
graduated mechanism allows dynamic, staged aqueous outflow that mirrors physiological resistance, aiming to prevent both
early hypotony and hypertensive spikes. The concept represents a step forward in personalized glaucoma therapy, with potential
applications in both primary open-angle glaucoma and refractory cases. A prototype and preclinical validation roadmap are

proposed.
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1. Introduction

Glaucoma is a progressive optic neuropathy and a leading cause of irreversible blindness globally. The primary modifiable risk
factor is elevated intraocular pressure (IOP), and its reduction remains the cornerstone of glaucoma management [1]. Despite the
development of pharmacological agents and surgical techniques, challenges persist in achieving sustained IOP control without
complications such as hypotony, bleb fibrosis, or implant failure [2,3].

Current surgical options include trabeculectomy, glaucoma drainage devices (Ahmed, Baerveldt), and minimally invasive
glaucoma surgeries (MIGS). While effective, these procedures either offer limited pressure modulation or carry significant risks
[4]. There is a need for pressure-sensitive devices that offer stage-wise control of aqueous humor outflow.

2. Conceptual Framework
We propose a novel glaucoma drainage system a multi-strip valve implant that surgically placed in the anterior chamber
angle (4 to 7 o'clock) in close proximity to the trabecular meshwork. This device consists of three micro-valves embedded
within a flexible biocompatible strip.
Design Features:

e Valve 1 opens at IOP > 20-25 mmHg

e Valve 2 opens at IOP > 30-35 mmHg
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e Valve 3 opens at IOP > 50 mmHg

The implant is intended to lie flush within the anterior chamber angle, minimizing irritation to the corneal endothelium or iris

and avoiding the need for sub conjunctival filtration blebs.

This pressure-tiered design provides gradual, staged aqueous humor outflow, offering a dynamic response to rising IOP levels

and reducing the risk of both early hypotony and IOP spikes.

3. Material and Mechanism

The device will be constructed using biocompatible elastomeric polymers (e.g., medical-grade silicone or polyurethane). The
micro-valves will employ MEMS (Micro-Electro-Mechanical Systems) technology or smart hydrogels capable of deforming or

opening under specific pressure thresholds [5].

Key attributes include:
e Hydrophilic surface to reduce protein adhesion and inflammation
e Anti-fibrotic coating (e.g., heparin, MMC-release)
e Radiopacity or marker system for post-op imaging

4. Surgical Technique
e Ab interno approach via a corneal incision (1.8-2.2 mm)
e Gonioscopic visualization of the angle from 4 to 7 o'clock
e  Strip insertion into Schlemm'’s canal-adjacent angle using a micro-catheter or injector system
e Self-anchoring design or hydrophilic adhesive tabs for stabilization
This technique avoids conjunctival manipulation and is compatible with existing MIGS platforms.

5. Theoretical Advantages

e Staged IOP control improves safety profile and mimics physiological drainage
Reduces hypotony risk as initial valve activates only above 20 mmHg
Improved longevity due to reduced fibrosis (no bleb required)
Adjustable engineering allows custom design based on patient risk
Expandable to include drug delivery reservoirs (e.g., anti-scarring agents)

6. Indications for Use
This multi-valve implant designed for a wide range of glaucoma where traditional surgeries are either ineffective or
contraindicated. These include:
e Refractory glaucoma after failed trabeculectomy or tube shunts
Neovascular glaucoma (NVG) [17]
Uveitic glaucoma [18]
Traumatic glaucoma [19]
Pediatric and developmental glaucoma where adjustable flow is needed [20]
e Glaucoma associated with ocular syndromes (e.g., ICE syndrome)
These indications reflect the versatility and adaptability of the pressure-responsive, staged design in managing complex
glaucoma cases.

7. Validation Pathway
Preclinical Development Plan:

e Phase I: CAD prototyping and bench simulation of valve behavior

e Phase IlI: Flow testing using anterior segment perfusion models

e Phase llI: Ex vivo validation in cadaveric and animal eyes (rabbit, porcine)

e Phase IV: Biocompatibility, cytotoxicity, and animal safety testing per ISO 10993
Clinical Trial Roadmap:

¢  Pilot first-in-human (FIH) trial: 10-20 patients with refractory glaucoma

e Endpoints: IOP reduction, complication rate, endothelial cell loss, need for medications

8. Future Directions
This implant opens several avenues for advanced glaucoma management:
e Smart valve systems with micro-sensors to monitor real-time IOP [6]

Page | 58



JMHS 6(2): 57-59

e Drug-eluting capabilities to modulate healing response
e Customizable designs for pediatric, neovascular, or Uveitic glaucoma

9. Conclusion

This proposed multi-valve glaucoma implant presents a paradigm shift in aqueous humor drainage by offering pressure-
responsive, staged outflow that mirrors the physiological IOP curve. With a favorable safety profile and scalability across
patient types, this device could mark a new chapter in minimally invasive glaucoma surgery.
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