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Abstract

Progressive glaucoma management is evolving beyond isolated intraocular in clinic-based measurements towards a more continuous, systematic,
and individualized care approach. We present a case of severe pigment dispersion glaucoma in which remote home tonometry, virtual reality
visual field testing, recognition of obstructive sleep apnea, and observations related to glucagon-like peptide 1 receptor agonist therapy
meaningfully influenced glaucoma management decisions, resulting in better care and eventually improved outcomes. Longitudinal physiologic
data monitoring with remote tonometry and wearable perimetry helped identify clinically significant intraocular pressure (IOP) fluctuation
and treatment response. This case highlights the potential value of integrating remote diagnostics, systemic disease evaluation, and emerging
therapeutics into a more proactive, multidisciplinary approach resulting in better glaucoma care.
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Abbreviations: APAP: Automatic Positive Airway Pressure; GLP1RA: Glucagon-Like Peptide 1 Receptor Agonist; MD: Mean Deviation; OSA:
Obstructive Sleep Apnea; SLT: Selective Laser Trabeculoplasty

Introduction
continuous glucose monitors in diabetes, remote blood pressure

Glaucoma is a complex, progressive optic neuropathy that is monitoring for hypertension and home sleep studies monitoring

often asymptomatic until irreversible damage occurs [1]. As the . . -
. ) ) ] i ) apneic events in sleep apnea. Each have revolutionized the way
disease progresses, visual field defects and functional impairment . . . . o
their respective diseases are managed by generating longitudinal,

real-world physiologic data where interventions can occur prior

to systemic organ damage [6,7].

worsen due to retinal ganglion cell loss and axonal degeneration
[2-4]. Elevated intraocular pressure (IOP) remains the primary
modifiable risk factor associated with glaucoma development

and progression [2]. Proposed mechanisms regarding the
pathophysiology associated with increased IOP include strain on
the optic nerve head contributing to ischemia, impaired axonal
transport, and cellular dysfunction [5].

Although glaucoma monitoring has historically relied
upon routine in-office IOP measurements, our understanding
of glaucoma pathophysiology continues to evolve beyond IOP
magnitude alone. Advances in technology have expanded our
ability to evaluate physiologic processes. This can be appreciated

in several fields of medicine, as demonstrated with the use of

Additionally, these changes enable patients to actively
participate in their care, empowering greater long-term patient
engagement. Similarly in ophthalmology, the introduction of
remote tonometry and virtual/wearable visual field platforms
provide new opportunities to better characterize disease dynamics
beyond isolated/infrequent office-based measurements enabling
real time assessments and management change. Simultaneously,
growing evidence suggests that glaucoma is influenced by a
broader interplay of genetic, systemic, and physiologic factors
than previously appreciated. Systemic comorbidities including
diabetes, hypertension, and obstructive sleep apnea (OSA) are

JOJ Ophthalmol 14(2) JOJO.MS.ID.555882 (2026)


http://dx.doi.org/10.19080/JOJO.2026.14.555882
https://juniperpublishers.com
https://juniperpublishers.com/jojo/

JOJ Ophthalmology

associated with glaucoma development and progression [8,9].
Furthermore, medications used for managing these systemic
conditions have also demonstrated an effect on glaucoma [10,11].

Case Example

To illustrate the value of these new methods of monitoring and
managing glaucoma, we present the case of a 64-year-old white
male with severe bilateral pigment dispersion glaucoma. His past
medical history is notable for uncontrolled OSA and hypertension
managed with medications. His clinical IOP measurements ranged
in the mid-20s to high 30s mmHg at diagnosis and subsequent
follow-up visits with a maximum IOP measurement of 48 mmHg
in his left eye. Bilateral Durysta implantation was completed
followed by bilateral selective laser trabeculoplasty (SLT) 1 month
later due to severe allergic reactions to all topical medications. He
was prescribed remote tonometry to monitor diurnal IOP due to
his severe glaucoma status and remote residence outside the US.

Subsequently, 5 months after the device implantation, iCare
HOME2 readings demonstrated I0Ps of 10-15 mmHg OD and
10-23 mmHg OS with notable elevations in the early morning
hours (between 4-6 am), suggesting decreased effectiveness of
both Durysta and SLT. Later that month, for reasons unrelated
to his glaucoma and due to cardiac disease with low ejection
fraction, he initiated use of a GLP-1RA (Ozempic 0.25 mg weekly)
and underwent repeat SLT bilaterally. Remote iCare tonometry
revealed an immediate decline in IOP with measurements
consistently below 15 mmHg OU. Six months later, the patient
stopped using the GLP1-RA treatment. Subsequently, his IOP rose
again without any other changes to systemic or ocular therapies.
This prompted the provider to restart the GLP1-RA, which
resulted in a similar marked reduction in IOP OU.

This patient also utilized virtual reality visual field perimetry
throughout his treatment and monitoring course monthly with
both 24-2 and 10-2 assessments. At a follow-up visit seven
months after reinitiating the GLP-1RA, 24-2 visual field testing
demonstrated a mean deviation of -12.22 dB OS with loss
extending into the central 10 degrees, representing a decline of
1.91 dB compared to several months earlier (-10.31 dB) despite
improvement in IOP spikes and flattening of his IOP curves. The
treatment team was concerned, because the patient primarily
resided in another country, which limited consistent in-person
follow-up. To facilitate ongoing monitoring, virtual reality visual
field perimetry was proposed. He was also advised to complete
a formal sleep study for evaluation of his OSA status, where he
was found to have over 30 apneic events an hour - consistent with
severe OSA.

This prompted the initiation of automatic positive airway
pressure (APAP) therapy, which further stabilized his IOP to
below 20 mmHg in both eyes according to iCare home readings
with concurrent stabilization of his virtual reality visual field
testing delaying the need for surgical intervention at that time.
Continued monthly monitoring with remote virtual reality

perimetry ultimately demonstrated gradual worsening of the MD
to -8.59dB on 10-2 assessment and -19.36 dB on 24-2 assessment
prior to surgery. After discussion with the patient, additional
surgical intervention with iStent and canaloplasty was pursued
in March 2026 OS. Postoperatively, reliable virtual reality visual
field-testing OS demonstrated MD improvement to -4.68 dB
on 10-2 testing and -14.22 dB on 24-2 testing consistent with a
favorable treatment response achieved by perhaps reducing the
10P spikes and reducing the stress on the ganglion cells.

Remote Tonometry

Remote tonometry played an incredibly useful role in this case,
both in disease detection and assessment of treatment. Emerging
as an effective diagnostic tool, remote tonometry has proven to
be useful for disease management in several published reports
[12,13]. The iCare HOME2 (iCare USA, Raleigh, NC) is a regulatory-
cleared, validated prescription device that enables patients
to monitor their IOP remotely and more frequently. Although
IOP remains central to assessing glaucoma control, traditional
office-based tonometry provides isolated measurements that
are insufficient representations of true patient diurnal or
nychthemeral IOP profiles that require patients to attend a clinic
appointment.

In contrast, remote tonometry enablesrepeated measurements
over days to months, offering a more comprehensive assessment
of I0P dynamics that can substantially influence clinical
management, especially enabling the ability to detect early am
IOP spikes which would otherwise go undetected. These 10Ps
often go into the 20s and even 30s yet be within “normal” levels
in the office during clinic hours [13,14]. It is well demonstrated
that many patients with glaucoma experience peak IOP elevations
during the early morning hours, often between 4:00 and 6:00 AM
[15]. Notably, this is outside the timeframe of routine clinic visits.
Prior research has also shown that greater diurnal IOP fluctuation
is associated with progression of visual field loss regardless of
mean IOP [16]. Remote tonometry enables patients and providers
to identify vital details regarding each patient’s diurnal 10P
variation that is difficult to assess with clinic IOP measurements
alone.

Virtual Reality Visual Field Testing

Virtual reality visual field perimetry was another useful
diagnostic tool that provided vital information in this case. Using
the VisuALL (Olleyes Summit, NJ) virtual reality platform allowed
him to complete multiple regular assessments without attending
an appointment. While living abroad, he easily completed visual
fields monthly, which were then reviewed by his provider in
the US. Assessment of his visual field means deviation (MD),
particularly in his left eye, was monitored closely and enabled the
ability to detect progression more rapidly and assess treatment
response after surgical intervention. The American Academy of
Ophthalmology (AAO) preferred practice guidelines recommend
patients diagnosed with POAG complete at least one visual field
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test per year; however, many patients complete fewer visual field
tests than is recommended [17].

Traditional visual field perimetry requires an expensive, large
piece of equipment with designated clinic space and technician
time. A virtual reality platform for visual fields may help increase
the frequency by reducing or minimizing obstacles patients and
providers face when utilizing traditional visual field methods. In
fact, increasing the frequency of visual field testing and clustering
the exams has demonstrated reduced time to detect progression
[18-21]. Unfortunately, increased testing utilizing in-clinic
perimetry faces multiple significant obstacles [18,19]. Research
to validate the use of virtual reality testing as an appropriate
adjunct to Humphrey visual field testing is currently underway
(manuscript pending).

Obstructive Sleep Apnea

Recognition and attention given to this patient’s OSA status
also significantly affected his intraocular pressure. There is an
increasing appreciation that systemic comorbidities contribute
significantly to the development and progression of glaucoma.
Screening for these conditions may improve both glaucoma
diagnosis and individualized management strategies. OSA is
just one example of such conditions, as it has been identified as
a significant risk factor for primary open-angle glaucoma with
studies demonstrating odds ratios greater than 2.0 at 3-, 5-, and
10-year intervals following an OSA diagnosis [22].

Although OSA is primarily considered a respiratory disorder,
it also produces substantial disruption of the body’s circadian
physiology [23]. The relationship between glaucoma, circadian
dysregulation, and OSA remains unclear, but several vascular
and mechanical mechanisms have been proposed. Vascular
mechanisms include recurrent hypoxia resulting from apneic
events leading to vascular dysregulation, increased vascular
resistance, autonomic dysfunction, and oxidative stress from
reperfusion injury [24-26]. Mechanical contributors may include
nocturnal elevations in IOP related to supine positioning and
obesity, increased intracranial pressure, and structural changes
involving elastic fiber depletion within the lamina cribrosa and
trabecular meshwork [24,27] Significantly higher ranges in daily
IOP have also been observed in glaucomatous patients diagnosed
with OSA when compared to glaucomatous patients without an
OSA diagnosis [28]. Our group is currently investigating diurnal
IOP characteristics in glaucomatous patients with OSA using iCare
HOME?2 tonometry. By characterizing IOP fluctuations in relation
to sleep patterns and apneic events, this work aims to improve
our understanding of the physiologic links among OSA, circadian
disruptions, and glaucoma progression [28].

GLP1-RA:

Both emerging evidence and clinical observations suggest
that glucagon-like peptide 1 receptor agonists (GLP-1RAs) and

GLP-1/GIP dual agonists may have impacts on glaucoma [29-31].
Multiple IOP reducing mechanisms have been proposed, including
cAMP- and nitric oxide-mediated pathways that reduce aqueous
humor production and improve trabecular meshwork outflow,
and neuroprotection via rescued retinal ganglion cells and
downregulated neuroinflammatory markers like IL-1a, TNF-a, and
C1q[32,33]. Clinical case series have documented IOP reductions
in patients initiating these medications both as treatment adjuncts
and monotherapy, though effect magnitude and consistency need
further validation with controlled prospective trials (case series
manuscript in review).

Additionally, one retrospective study reported statistically
significant IOP reduction with GLP-1RA use in glaucoma patients,
though multivariate analysis failed to maintain significance, likely
due to confounding systemic and ocular factors [34]. At this point,
there is not enough evidence to warrant their use as adjunct
glaucoma/IOP lowering medications; however, we do believe that
enough evidence has presented itself to warrant consideration
of this drug class’s effects when IOP changes are observed. The
systemic risk profile and novelty of this medication’s widespread
use limit a deeper understanding of its potential role in glaucoma.
Together, these findings support the need for further prospective
studies that can definitively identify either the ability or inability
of these medications to reduce IOP and offer neuroprotection in
glaucoma.

Conclusion

This case illustrates how integrating modern diagnostics
including remote tonometry and virtual reality visual field testing,
while simultaneously addressing systemic comorbidities such as
obstructive sleep apnea and considering emerging therapeutic
insights (GLP-1 RA) meaningfully altered the course of severe
glaucoma by delaying surgery in ahigh-risk patient. These
tools provided longitudinal physiologic insight that extended
beyond traditional clinic-based assessment and enabled more
individualized treatment decision-making.

Although further prospective validation is needed to reduce
confounding variables, this evolving holistic approach reflects
a broader transition in glaucoma care toward proactive, data-
rich, and patient centered disease management. As this frontier
continues to evolve, implementing these strategies alongside
conventional care may improve earlier progression detection,
optimize treatment timing, and enhance long-term preservation
of visual function.
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