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Abstract

Glaucoma services are overwhelmed and struggling to accommodate current demand. Reducing the need for hospital based
services would improve our ability to see those most at risk of vision loss, which could both reduce demand and improve
patient outcomes. Digital technologies that provide opportunities for home monitoring of glaucoma progression
have potential to contribute to solve these challenges and, potentially, improve glaucoma care. This article will review
the literatures of well-established technologies that support home monitoring for glaucoma, specifically home tonometry
(with rebound tonometry) and perimetry with Moorfields Motion Displacement Test and Melbourne Rapid Field.

Introduction

Glaucoma is a group of eye disorders that cause optic
neuropathy with characteristic cupping of the optic nerve
and visual field (VF) changes. If left untreated, glaucoma
can lead to visual impairment and blindness. The Vision
Loss Expert Group of the Global Burden of Disease Study
has reported that glaucoma is the most common cause of
irreversible blindness in the world together with age-related
macular degeneration in their meta-analysis [1]. The only
treatment proven successful to stop development of glau-
coma and reduce progression of the disease is by lowering
intraocular pressure (IOP) [2-5]. Once diagnosed, patients
need to be on lifelong treatment and follow-up.
Monitoring of glaucoma requires measurement of IOP
and assessment of functional and structural parameters of
optic nerve. Any change in patients’ treatment plan depends
on the level of IOP (and response to the medication) and
deterioration of VF and/or optic nerve and/or structural
assessments of the retina. However, all measurements are
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subjected to fluctuation and patients require frequent
follow-up to determine whether a change has occurred.

A high IOP is a major risk factor for progression of
glaucoma [6—-8]. Measurement of IOP is usually taken in the
clinic, but studies have shown more than 50-75% of I0OP
peaks occur outside clinic hours [9, 10]. IOP diurnal
profile as well as peaks can be assessed by monitoring the
IOP for 24 h but this needs the patients to be admitted
for repeated measurements. This practice is time and
resource consuming, which is rarely feasible in routine
practice.

VF progression is usually detected by looking through a
series of VF examinations obtained over a period of time,
possibly several years or more [11]. It has been proposed
that it would take 6 years to detect a relatively fast pro-
gression rate of 1dB per year if only one VF test was
performed per year [12]. Confirmation of deterioration can
be reduced if repeat examinations are performed in a shorter
period i.e., VF progression can be seen in 2 years if three
examinations were performed each year [12]. In order to
diagnose true disease progression from measurement
variability inherent in the VF data, the authors recom-
mended six VF tests to be performed in the first 2 years after
diagnosis to help in determining rate of progression in a
glaucoma patient.

Currently, patients need to travel to the hospital to have
their IOP and VFs checked by the eye healthcare profes-
sionals. Despite the potential benefits of increased testing
frequency, current healthcare systems do not have capacity
for repeated, multiple testing within a year. In addition the
need for frequent visits to hospital is also an inconvenience
to patients and carers.
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Innovations of medical devices may help overcome some
of the monitoring challenges with frequent measurements of
IOP and VF. Increasing availability of home monitoring
devices may play an important role to detect uncontrolled or
progressive disease, and also reassure patients that the
glaucoma is well controlled. Home monitoring of IOP and
VFs can give more data on measurements and help to better
monitor the glaucoma.

Home intraocular pressure monitoring

Various devices has been designed to measure 24-h IOP
such as integration of IOP sensors into intraocular lenses
after cataract extraction surgery [13, 14], implantable IOP
sensor placed either in the ciliary sulcus or the capsular
bag [15, 16] and contact lens sensor [17]. However, the
implantable devices have only been used in very few
human studies with preliminary results, and would be
available only in people undergoing intraocular surgery,
while IOP readings of the contact lens sensor are in units
rather than mmHg with no available conversion
method yet.

A potential and practical option to measure 24-h IOP is
to measure patients’ own IOP using a tonometer designed
for self-tonometry. Rebound tonometry developed by Icare
(Finland Oy) has been used since 2003 and has demon-
strated to have high agreement with the standard tonometry,
Goldmann applanation tonometry (GAT) [18]. These
devices are easy to use and do not require the use of topical
anesthesia making them potentially ideal for home mon-
itoring. Rebound tonometry measures IOP using the impact/
induction principle [19]. The IOP is quantified by measur-
ing the deceleration of a magnetized disposable probe as it
rebounds from the surface of the cornea [20].

A new Icare tonometry, Icare HOME (TA022; Icare
Finland Oy) is currently available for home IOP monitoring
(Fig. 1). Icare HOME is a handheld rebound tonometer that
has an automatic-side recognition and positioning assistant
for the correct alignment of the tonometer [21] compared
with its predecessor. During measurement, Icare Home is
placed at 4-8 mm from the cornea where the inbuilt soft-
ware acquires six readings. The highest and lowest I0P
readings are eliminated, leaving four readings which are be
averaged and displayed on the device. If reliable readings
are not obtained, an error bar is displayed and patients will
need to repeat the measurements. The Icare HOME stores
the final IOP with other information such as date, time,
laterality of the eye, and measurement quality into its built-
in memory module [22]. Icare HOME can be linked to the
patient’s smartphone and data can be uploaded and
retrieved from the cloud allowing remote access to the data.
Home tonometry can be used by the patient or by another
person.
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Fig. 1 Icare® HOME tonometer (TA022; Icare Finland Oy)

Icare HOME showed good repeatability in a study by
Valero et al., who reported an intra-class correlation value
of 0.872 of three repeated measurements by patients,
although no coefficients of repeatability (more informative)
were not estimated. There is moderate agreement
between Icare HOME and GAT in glaucoma patients
(Table 1) [20-32]. Most patients are able to measure their
own IOP at home after given appropriate training and
instruction [24, 26]. However, high intraindividual variation
in diurnal IOP was seen across consecutive days as subjects
exhibit different diurnal curve from day to day [27-29].

Home visual field monitoring

Recently, there are several tablet-based devices and head-
mounted displays that have been developed to measure VF
away from clinical setting [23]. These devices could be
potentially performed by patients without direct supervision
of a trained eye care health professional with prior training
making it possible for patients with glaucoma to monitor
their VF at home. Tablet-based devices, such as Moorfields
Motion Displacement Test (MMDT) and Melbourne
Rapid Field (MRF), are currently available for use, while
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approximately 85 lux. Average time need to complete the
VF test using MMDT is about 5 min for both eyes. This test
is designed to overcome the effects of cataract and uncor-
rected refractive error; therefore patients can perform
MMDT without any refractive correction.

An index which measures the VF defect, the global
probability of true damage (GPTD) can be calculated by
summation of the probability of true damage derived from
each of the 31 locations. The GPTD is expressed in quotient
of 100 (0-100%), where higher GPTD values represent a
greater probability of damage. GPTD value ranges from
0.31 to 31 [35-38]. Test reliability is determined by false-
positive (FP) response rate. False positive is recorded when
responses are <180 ms from the time the stimulus presented.
False negative is usually not recorded as patients with
glaucoma have fluctuating results and high false-negative
results [38]. The recommended pass—fail and reliability

LoA between iCare HOME tonometry by patient and GAT by

ophthalmologist
participants (1.6%) had a difference of more than 7 mmHg.

IOP agreement: 78% were within 3 mmHg, 64% within 2
95% LOA: between —4.17 and 5.84 mmHg

mmHg, and 39% within 1 mmHg
IOP within 5 mmHg in 116 of 127 participants (91.3%); 2

95% LOA: between —5.2 and 4.6 mmHg
95% LOA: between —4.71 and 9.88 mmHg,
95% LoA: between —3.07 and 4.46 mmHg
95% LoA: —3.34 to 5.96 mmHg

95% limits of agreement: —3.4 to 5.9 mmHg

Table 1 Comparison between iCare HOME tonometry (by patients) and Goldmann applanation tonometry in adult patients with glaucoma. Study characteristics

LoA limits of agreement, GAT Goldmann applanation tonometry, NR not reported

% g criteria are a GPTD >3, and FP response rate < 15% [35].
Z§ % s £ 03 e g g ot The test repeatability of the MMDT was reported as “good”
by Loughman et al. using LoA plots and coefficient of

repeatability [35].
5 _ The GPTD index had an AUC of 0.930 (95% CI
‘gg = E a g ] = % [0.893-0.967]) for discriminating glaucoma from non-
ié ? ;;) é g g _%0 § %g glaucomatous eyes with a sensitivity of 88.5% and speci-
g2|d = & & £ £ 59 ficity of 85% in a population-based setting [38]. Severity of
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glaucoma was mild in 17, moderate in 27, and advanced in
34 participants. It is difficult to compare with the standard
HFA results as MMDT is a suprathreshold test and there are
no similar global indices, such as mean deviation (MD) or
pattern standard deviation. Test is easy to administer but
may be challenging to some computer naive persons. This is
probably due to strain in using the computer mouse as a
response button for an extended period of the time during
the test. However, performance between older, less edu-
cated computer naive subjects was similar to young
computer-familiar subjects [35].

Melbourne Rapid Fields (MRF)

MRF (GLANCE Optical Pty Ltd, Melbourne, Australia) is a
tangent perimeter application developed on iPad tablet
platform (Apple, Cupertino, California, USA). As iPad
tablets are portable and commonly available, it allows VF
testing outside of clinic and in remote areas. Furthermore, it
raises a possibility to be used by patients with glaucoma to
perform VF tests at home unsupervised with minimal
training [39-43].

Test should be performed in a quiet, dimly lit room with
screen brightness automatically adjusted to maximal hard-
ware brightness by the app at the start of the testing pro-
cedure. One eye is tested at a time and the fellow eye is
patched. Patient is seated comfortably at a table with an
iPad tablet placed on a typing stand accompanied by a
Bluetooth keyboard. Patients view the 9.7-in. iPad tablet
device (iPad 3 or later) at 33cm wearing their normal
reading glasses measured by a fixed piece of string from the
iPad screen to bridge of patient’s nose at the start of the test.
Head position is maintained throughout the test.

The testing grid consist of 66 test locations placed in a
radial pattern covering 34° horizontal and 25° vertical of the
VF. At the start of the test, blind spot will be located, and a
stimulus will be presented about 8§—10 times in this location
throughout the test using central fixation. Testing will then
occur in two phases: an initial central field test (36 points
tested with fixation in the center of the screen) followed by
a peripheral field test (30 test points) where patient fixate at
each corner of the iPad screen sequentially to increase target
eccentricity [39]. Location of the blind spot is not imple-
mented during peripheral testing. FP and false-negative
checks are presented throughout the test. FP checks are
performed by using a interspacing periods (1000-1400 ms)
throughout the test during which no stimulus is presented
on the screen and recorded when patients gives a respond
during this period [39].

A voice commands (in English language) generated by
the tablet is provided to guide the patients throughout the
test. Patients respond to the stimulus is recorded using the
spacebar on the bluetooth keyboard. This method was
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selected because smear of finger marks on the screen can
make the screen dirty and obscure a stimulus. It also pro-
vides a better tactile feedback to patients. Testing may take
~4—6 min, depending on the nature of the field loss and
reliability of the patient. Average test duration for the MRF
was shown to be statistically significant faster (5.7 0.1
min) compared with the average HFA SITA Standard 24-2
test time (6.3 = 0.1 min) [39].

MD and pattern deviation can be calculated from the
MRF. MD was calculated from the average point-wise
deviations using the age-adjusted expectation returned from
the analysis of 17,390 thresholds adjusted for grid and size
effect [39]. While, PD was calculated using a standard
formulae as the average residual after allowing for the
patient’s MD [39]. In terms of perimetric results, MD and
PD results from MRF were in agreement and correlate with
MD from HFA SITA Standard 24-2 (MD ICC =0.93, PD
ICC =0.86) [40, 41]. Test-retest reliability was also shown
to be comparable with HFA SITA Standard 24-2 with ICC
of 0.93 for MD and 0.89 for PD. However, MRF recorded a
statistically higher percentage of fixation losses (36 +4%)
compared with the HFA (6 + 1%) which may be due to free-
space viewing corrupting the blind-spot monitor [40].
Bland-Altman analysis showed a small bias of 1.4 dB, with
less negative MD returned by MRF [41]. In terms of sco-
toma detection using the cluster criteria the MRF on repeat
testing detected 31/36 of abnormal hemifields in manifest
glaucoma patients on the second test [44].

MREF looks promising as a portable tangent perimeter but
further research is required before it can be widely imple-
mented for home monitoring of VF. The current studies
were conducted in a controlled environment with strict
control of viewing distance and environment. Proper
instructions and training to use the device unsupervised at
home will be needed for the patients and to achieve reliable
VF results.

It is common practice to use imaging technologies to
monitor patients with glaucoma and detection of structural
progression often influences clinical decisions. There are
attempts to develop portable low-cost optical coherence
tomography that, theoretically, could further support the
goal of home monitoring [45, 46].

Conclusion

Detection of glaucoma progression requires regular IOP and
VF monitoring in the eye outpatient clinics. However, these
visits are time consuming, expensive, and difficult for
patients. With the invention of newer “smart” technology,
IOP devices, and VF tablet applications allows home mon-
itoring of glaucoma providing abundant priceless data,
which could provide a better understanding about the effects
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of treatment to patients and improve patients care. Home
monitoring may also increase patients’ engagement and help
in the patients’ adherence to their medication. Apart from
that, home monitoring may also lead to more affordable
diagnostic tests and available to individual with limited
access to healthcare. Future research may be directed to
validate the current applications and devices and invention
of wearable device for home monitoring of glaucoma.
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