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Glaucoma, the disease that never sleeps

Glaucoma a doenga que nunca dorme

important advances in the diagnosis and management of glaucoma during the last decades, the fundamental
understanding of intraocular pressure (IOP), its only modifiable risk factor, remains elusive. Whereas patients
suffering from other chronic diseases, such as diabetes, have been empowered by the availability of round-the-clock
monitoring devices, glaucoma patients have to make do with outdated technology available only in the physician’s office.

Intraocular pressure is a highly variable biological parameter. The current practice of static IOP measurements
during a clinic visits has been widely shown to not adequately reflect the variability of IOP throughout the 24-h period, as
only a minority of IOP peaks occur during usual daytime office hours®. In fact, IOP is highest during the nocturnal sleep
period in a majority of glaucoma patients®. These values go largely undetected and are not taken into account in patient
management decisions. The implications of this omission are currently unknown and unquantifiable but may explain a
significant amount of those patients who progress despite having a supposedly controlled IOP®.

The availability of 24-h IOP monitoring technologies has, therefore, been formulated as a major unmet need in
ophthalmology and attempts at addressing it were undertaken as long ago as 1958@. In the last decade, there has been
considerable progress with the prototype and commercial introduction of continuous 24-h IOP monitoring devices, facilitated
by progress in micro- and nano-electromechanical systems. Two approaches are actively pursued, one via contact lenses, the
other via implantable sensors. The latter have the advantage to directly measure IOP over long periods, while the former
provide a non-invasive alternative for repeated 24-h periods.

At present, the Triggerfish contact lens sensor (CLS; Sensimed, Switzerland) is the only commercially available IOP
monitoring device in some parts of the world (currently not in Brazil). It measures strain of a contact lens gauge at a frequency
of 20 Hz. It is important to note that the CLS does not measure IOP directly but rather a composite of intraocular pressure,
volume and ocular biomechanical properties”*?. While tonometry measures IOP, CLS is thought to be more influenced by
intraocular volume with the relationship between the two being curvilinear®?. The interaction of corneal and scleral
biomechanical properties and CLS has not been sufficiently studied®'?. Furthermore, the CLS provides its measurements in
mV equivalents instead of the habitual mmHg-unit. All the above factors have prevented direct comparisons between CLS
and tonometry and have rendered clinical interpretation of its readings challenging. The major value of the device is that it can
record the IOP related profile in a real-life setting for up to 24 hours including during undisturbed sleep™. Documenting
relative changes of IOP related events and their timing may yet prove to be of similar importance than absolute IOP levels.
In addition to the CLS, other non-invasive devices are currently being developed+1.

In 2011, an implantable telemetric pressure transducer system to continuously monitor IOP was tested in non-human
primates and shown to provide accurate measurements‘®. For the moment, however, the extensive surgery required for its
implantation precludes use in humans. Combining IOP sensors with IOLs used in routine cataract surgery may facilitate
patient acceptance. More recently, a foldable wireless IOP transducer using pressure sensor cells to measure IOP (Implandata,
Germany) has been tested in rabbits and humans7'®. The device is designed to be implanted in the ciliary sulcus. Currently,
it is being tested in clinical trials. Preliminary results after one year demonstrate the device to be generally safe and
capable to obtain reliable measurements in a majority of eyest”. The main adverse events observed are iris chafing and
pigment liberation. Limitations of intraocular sensors are related to safety issues associated with surgical implantation and
their long term tolerance. The potential for device failure after implantation,leakage of potentially toxic materials as well
as inaccuracy of measurements due to signal drift over time with the need of subsequent intervention for re-calibration
constitute some other challenges. Before these technologies can obtain regulatory approval and widespread acceptance for
use in humans, these risks have to be addressed.

The field of 24-h IOP monitoring has made great strides in recent years and it is expected that other devices will
become available in the near future. At present,however, it is unclear whether the contact lens approach or the intraocular
sensors will become the new IOP “gold standard”. Both may co-exist as complimentary to each other. In the meantime, the
glaucomatologists wish-list for the perfect 24-h IOP monitoring device would include the following: 1) well-tolerated and
safe;2) accurate; 3) high-frequency of measurements (>40 Hz) to detect ultra short events; 4) affordable and 5) capable to
store and release hypotensive drugs as needed.

Glaucoma is the leading cause of irreversible blindness worldwide and a major public health problem?. Despite
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Once such devices become available for routine clinical use, it will become obvious that we lack true understanding
of the relationship between IOP and glaucoma:

- Does nocturnal IOP have the same impact on glaucoma as diurnal IOP?

- Which IOP parameters are most relevant to glaucoma: mean, peak, short or long-term variability?

- Are there specific circadian IOP patterns that are related to glaucoma development and may predict its future
progression?

Itis likely that the use of 24-h IOP monitoring will improve understanding and management of glaucoma. Ultimately,
clinically-driven 24-h IOP data may lead to chrono-therapeutic delivery of glaucoma medications instead of the current
practice of standard scheduling of drop instillation. In the meantime, clinicians are encouraged to obtain as many daily (and
nightly) IOP measurements, possibly augmented with provocative testing, such as water loading, as possible to gain a better
understanding of a patient’s IOP dynamics and to personalize his treatment.
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