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Introduction 

 

Glaucoma, known as the "silent thief of vision", is 

the most common cause of treatable blindness worldwide, 

with a prevalence expected to be around 112.0 million by 

2040 (Tham et al., 2014). Glaucoma is the common name 

for a group of progressive, neurodegenerative diseases 

caused in most cases by elevated intraocular pressure 

(IOP). 

IOP reduction is the primary goal of glaucoma 

treatment, as studies have shown that it can prevent the 

development and progression of glaucoma (Heijl et al., 

2002). Treatment of glaucoma, like other chronic 

disorders, has two major drawbacks: first, there are the 

disadvantages of conventional ophthalmic dosage forms, 

such as low drug bioavailability and quick drainage due to 

lacrimation. The second issue is patients’ non-adherence, 

which is primarily due to their forgetfulness (Kass et al., 

2002). To provide the best possible treatment for patients, 

extensive research is conducted in two directions: therapy 

optimization and the development of innovative drug 

delivery systems. 

 

IOP monitoring Contact lenses (CLs) 

Contact lenses (CLs) have been developed as one of 

solutions to these problems because they are non-

invasive, come into direct contact with the eye, and can be 

worn on the cornea with minimal discomfort for the 

patients. There are numerous IOP monitoring (smart) CLs 

and antiglaucomatous drug-eluting CLs.  

The gold standard for IOP monitoring is the 

Goldmann applanation tonometer. Its main drawback is 

need for anesthesia, as tonometer’s tip must be pressed 

onto the cornea surface. In line with that goes the fact that 

its positioning requires trained personnel. And lastly, it 

provides the IOP levels in an awake state and in an 

upright position during office hours. This cannot give the 

optimal picture of a patient’s IOP levels, as it is known 

that IOP levels fluctuate considerably during sleep and 

with eyes closed (Renard et al., 2010). As solution to 

these problems, several different IOP monitoring CLs 

have been developed.  

Triggerfish
®
, commercially developed by 

SENSIMED based on research by Leonardi et al., was the 

first IOP monitoring CLs approved by European 

Regulatory Authorities in 2009 and by the FDA in 2016 

(Chen et al., 2021). Triggerfish
®
 is a device that combines 

smart CLs with electromechanical microsensor to detect 

spontaneous circumferential changes in the corneoscleral 

region. The information from the CLs is wirelessly 

received by the adhesive SENSIMED Triggerfish
®

 

antenna, which is positioned around the eye. The data is 

then sent from the antenna to the portable recorder via a 

small flexible connection. During the monitoring session, 

the patient's recorder records the data collected. The data 

is uploaded from the recorder to the software already 

installed on the practitioner's computer through Bluetooth 

at the end of the recording period. This device records the 

IOP profile over a 30-second period every 5 minutes 

during a 24-h period (Dunbar et al., 2017). 

Pang et al. created CLs with a Wheatstone bridge 

circuit in 2019 to increase the detection of weak eyeball 

deformations, which is advantageous for high sensitivity 

and precision. Two active and two passive strain gauges 

were created using lithography and deposition techniques. 

A contact lens shape was created using a thermal model 

and then encased in a biocompatible 

polydimethylsiloxane (PDMS) layer. It had a good 

dynamic reaction to IOP changes at varied speeds (Pang 

et al., 2019). 

Another idea is to use microfluidics in CLs to detect 

IOP. They are made up of PDMS soft CLs with 

embedded micro-fluidic channel that is partially filled 
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with incompressible fluid. This device displays the 

changing volume of the microchannel as the fluid 

displaces in response to any volume change. Patients who 

are wearing these CLs will take pictures of them with 

their phones throughout the day (Campigotto et al., 2020). 

By superimposing a camera-captured image onto the 

micropattern of the contact lens using a computer-assisted 

virtual reference image, Lee et al. constructed CLs with 

moiré patterns of concentric circles that detected IOP 

changes. This device also allowed for the elution of 

integrated drug from a thermo-responsive nanogel drug 

carrier (Lee et al., 2020). 

Kim et al. developed and tested a soft CLs for 

continuous IOP monitoring with a smartphone in 

volunteers. A strain sensor, a wireless antenna, capacitors, 

resistors, stretchy metal interconnectors, and an integrated 

circuit for wireless communication are all included in the 

CLs. The CLs were able to accurately measure IOP 

without causing inflammation (Kim et al., 2021). 

Dou et al. designed a wearable CL IOP sensor based 

on a platinum strain gauge coated in a polyamide 

insulating layer and packaged in transparent PDMS using 

a micro-electro-mechanical method. It demonstrated 

outstanding repeatability and a dynamic responsiveness to 

varying IOP change speeds (Dou et al., 2021). 

In addition to elevated IOP, it has been demonstrated 

that Matrix Metalloproteinease-9 (MMP-9) is 

overexpressed in glaucoma patients’ tears. With this in 

mind, Ye et al. developed optical-based dual-function 

CLs for simultaneous detection of IOP and MMP-9. IOP 

is measured by changing the color of an antiopal 

structure, which eliminates the need for complicated 

electronics. The quantification of MMP-9 is achieved in 

genuine tear samples using the peptide modified gold 

nanobowls surface-enhanced Raman scattering substrate. 

The structural color is created by selective diffraction of 

light from a unique 3D periodic structure, and it may be 

modified by changing the periodic structure's refractive 

index or lattice spacing. Because these CLs use structural 

color, any potential electronic component eye harm can 

be avoided (Ye et al., 2022). 

Conclusion 

Since glaucoma is very important health concern 

worldwide, researchers are persistent in their efforts to 

find  solution to prevent and cure glaucoma more 

effectively, due to several limitations of traditional 

medication as well as patient nonadherence. One of the 

pathways they are taking is to identify best possible 

instrument for IOP monitoring that will be most 

convenient for patients, as IOP elevation and variation are 

key risk factors of glaucoma progression. Concept behind 

employing CLs in IOP monitoring is that when IOP 

varies, so does eye curvature. Electronic parts make up 

most CLs, with detection software on computer or 

smartphone. However, most recent study is focused on 

finding way to avoid using electronics and instead employ 

less irritating approaches. 
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