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� PURPOSE: To assess accuracy and adherence of vis
Þeld (VF) home monitoring in a pilot sample of patient
with glaucoma.
� DESIGN: Prospective longitudinal feasibility and reli-
ability study.
� METHODS: Twenty adults (median 71 years) with an
established diagnosis of glaucoma were issued a ta
perimeter (Eyecatcher) and were asked to perform 1 V
home assessment per eye, per month, for 6 months (
tests total). Before and after home monitoring, 2 VF as
sessments were performed in clinic using standard au
mated perimetry (4 tests total, per eye).
� RESULTS: All 20 participants could perform monthly
home monitoring, though 1 participant stopped afte
4 months (adherence: 98% of tests). There was goo
concordance between VFs measured at home and in
clinic ( r [ 0.94, P < .001). In 21 of 236 tests (9%),
mean deviation deviated by more than ±3 dB from the m
dian. Many of these anomalous tests could be identiÞed
applying machine learning techniques to recordings fro
the tabletsÕ front-facing camera (area under the recei
operating characteristic curve[ 0.78). Adding home-
monitoring data to 2 standard automated perimetry tes
made 6 months apart reduced measurement error (b
tween-test measurement variability) in 97% of eyes
with mean absolute error more than halving in 90% o
eyes. Median test duration was 4.5 minutes (quartile
3.9-5.2 minutes). Substantial variations in ambient illu-
mination had no observable effect on VF measuremen
(r [ 0.07, P [ .320).
� CONCLUSIONS: Home monitoring of VFs is viable for
some patients and may provide clinically usefu
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PEOPLE WITH GLAUCOMA, OR AT RISK OF DEVELOPING

glaucoma, require lifelong monitoring, includin
periodic (eg, annual1) visual Þeld (VF) examina

tions.2 The volume of outpatient appointments require
(> 1 million/year in the UK alone3) is placing glaucoma
services under increasing strain: as evidenced by a gro
appointment backlog4 and instances of avoidable sight lo
due to treatment delays.5,6 Globally, the challenge of glau
coma treatment is only likely to intensify over the comin
decades,7 with aging societies,8,9 and calls for increase
monitoring1 and earlier detection.10 Furthermore, hospita
assessments cannot be performed with the freque
required for best patient care. Many studies have sho
that intensive VF monitoring could help to identify an
prioritize individuals most at risk of debilitating sigh
loss11Ð15 (ie, younger patients with fast-progressing
loss16). Frequent (eg, monthly) monitoring is likely to b
of particular beneÞt for those patients for whom rapid p
gression is most likely (eg, optic disc hemorrhage17Ð19) or
most costly (eg, monocular vision20).

In short, thestatus quoof hospital-only VF monitoring is
costly and insufÞcient. The solution may lie in home mo
toring.14,21,22 By collecting additional VF data between a
pointments, hospital visits could be shortened, and in lo
risk patients, appointments could be reduced in freque
or conducted remotely: decreasing demand on outpat
clinics. Home monitoring would further allow for mor
VF testing and more frequent VF testing: both importa
for rapid, robust clinical decision-making.12,23 For these
reasons, interest in home monitoring is growing for gl
coma14,21,22, as well for the treatment of other chroni
ophthalmic conditions24Ð27, and in health care
generally.28 This interest is likely to intensify afte
COVID-19, as both hospitals and patients look to cle
backlogs and minimize in-person appointments.29,30

Technological advances mean VF home monitoring
now a realistic proposition. Several portable perimet
have been developed that use ordinary tablet compu
(eg, Melbourne Rapid Fields,31Ð33Eyecatcher34) or head-

t
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mounted displays (eg, imo,35,36 Mobile Virtual Perime-
try37). Such devices are small and inexpensive enough
patients to take home, and several appear capable
approximating conventional standard automated perim
try (SAP) when operated under supervision.32,38,39

What remains unclear is whether VF home monitorin
works in practice. Are patients with glaucoma willin
and able to comply with a home-testing regimen (adh
ence)? And do ÔÔpersonal perimetersÕÕ continue to
high-quality VF data when operated at home and unsup
vised (accuracy)?

To investigate these questions, 20 people with est
lished glaucoma were given a tablet perimeter (Eyecatc
to take home for 6 months. They were asked to perform
VF assessment a month in each eye. Accuracy was ass
by comparing measurements made at home with conv
tional SAP assessments made at the studyÕs start an
Adherence was quantiÞed as the percentage of t
completed. Eyecatcher is not yet available for gene
use; however, the source code is freely available on
as detailed in the Methods section.

To reßect the likely clinical reality of home monitoring
we used only inexpensive and commonly available ha
ware (approximately $350 per person). Ten participa
were given no practice with the test before taking
home. The other 10 performed the test once in each e
under supervision. During home testing, the tab
computerÕs forward-facing camera recorded the partici
This allowed us to conÞrm that the correct eye was tes
to record variations in ambient illumination, and to inves
tigate whether ÔÔaffective computingÕÕ techniques (e
pose tracking and facial-expression analysis to recog
human emotions) could identify suspect tests.40
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METHODS

� PARTICIPANTS: Participants were 20 adults (10 femal
aged 62-78 years (median: 71), with established diagn
of primary open angle glaucoma (N¼ 18, including 6
normal tension), angle closure glaucoma (N¼ 1), or sec-
ondary glaucoma (N¼ 1). Participants lived across sou
England and Wales (seeSupplemental Figure 1) and were
under ongoing care from different consultant ophthalm
ogists. Participants were the Þrst 20 respondents to
advertisement placed in the International Glaucoma Ass
ciation newsletter (IGA News: https://glaucoma.uk) and
were assessed by a glaucoma-accredited optom
(P.C.) who recorded ocular and medical histories, logMA
(minimum angle of resolution) acuity, and SAP using
Humphrey Field Analyzer 3 (HFA; Carl Zeiss Medite
Dublin, California, USA; Swedish Interactive Threshol
Algorithm [SITA] Fast; 24-2 grid). All patients exhibited
best corrected logMAR acuity< 0.5 in the better eye, and
none had undergone ocular surgery or laser treatm
VOL. 223 HOME MONITORING OF GLAU
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within 6 months before participation. Severity of VF lo
in the worse eye, as measured by HFA mean devia
(MD), varied from � 2.5 dB (early loss41) to � 29.9 dB
(advanced loss), although the majority of eyes exhibi
moderate loss (median:� 8.9 dB). All HFA assessmen
(4 per eye) are shown in the Results section, and
exhibited a false-positive rate below 15% (median: 0%

Written informed consent was obtained before testin
Participants were not paid but were offered travel expen
The study was approved by the Ethics Committee for
School of Health Sciences, City, University of Londo
(#ETH1819-0532), and carried out in accordance w
the tenets of the Declaration of Helsinki.

� PROCEDURE: As shown inFigure 1, A, participants were
asked to perform 1 VF home assessment per eye, per m
for 6 months (12 tests total per participant). Beforehan
participants attended City, University of London, whe
they were issued with the necessary equipment, includ
a tablet computer (Figure 1, B), an eye patch, screen wipe
and a set of written instructions. All participants performe
2 HFA assessments in each eye (24-2 SITA Fast). Ten
ticipants (50%) were also randomly selected to practice
Eyecatcher test once in each eye under supervision.

During the 6-month home-testing period, participan
had access to support via telephone and email, and rece
an email reminder once a month when the test was due.
ter the home-monitoring period was complete, participa
returned to City, University of London, and agai
performed 2 HFA assessments in each eye. They
completed a semistructured interview, designed to as
the acceptability of home monitoring and to identify an
potential barriers to use. A qualitative assessment of th
interviews will be reported elsewhere. One participant (
16) was unable to return because of the COVID-19 quar
tine. They instead returned their computer by mail, a
performed their exit interview via telephone. No follow
up HFA assessment could be performed with this indiv
ual, but given his ocular history, their VF was expected
have been stable.

� THE EYECATCHER VF TEST: VFs were assessed usin
custom screen perimeter (Figure 1, B), implemented on
an inexpensive HP Pavilion3 360 15.699 tablet laptop
(HP Inc, Paolo Alto, California, USA). The test was
variant of the ÔÔEyecatcherÕÕ VF test: described
ously34,39 and freely available online athttps://github.
com/petejonze/Eyecatcher. It was modiÞed in the presen
work to more closely mimic conventional static thresho
perimetry, most notably by employing a ZEST threshold
algorithm,42 a central Þxation cross, and a button pre
response. The software was implemented in MATLAB using
Psychtoolbox v343 and used bit stealing to ensure> 10-bit
luminance precision.44 The display measured 34.53
19.5 cm (34.83 20.18visual angle, at the nominal viewin
distance of 55 cm), and extensive photometric calibrati
43COMATOUS VISUAL FIELDS
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FIGURE 1. Methods. (A) Study timeline. (B) Hardware: home perimetry was performed using an inexpensive tablet perimeter
(Eyecatcher). During each Eyecatcher assessment, live recordings of the participant were made via the screenÕs front-facing camera
(purple arrow). Participants were asked to Þxate the central red cross throughout and press the button when a white (Goldmann III)
dot was seen. (C) Output: example measures of visual Þeld loss from a single participant, with same-patient data from the Humphrey
Field Analyzer (HFA) for comparison. Grayscales were generated using the MATLAB code available at:https://github.com/petejonze/
VfPlot . SITA [ Swedish Interactive Threshold Algorithm.
was performed on each device to ensure luminance un
mity across the display (seeSupplemental Figure 2for tech-
nical details regarding screen calibration).

During the test, participants were asked to Þxate
central cross and press a button when they saw a
of light (Goldmann III dots with Gaussian-rampe
edges). As in conventional perimetry, targets we
presented against a 10 cd/m2 white background. Unlike
conventional perimetry, participants received visual fee
back (a ÔÔpoppingÕÕ dot) at the true stimulus locatio
each button press. This feedback was intended to k
participants motivated and alert during testing and w
generally well received by participants, though 4 repor
being sometimes surprised when feedback appeared
unexpected location.

Testing was performed monocularly (fellow e
patched). The right eye was always tested Þrst, and pa
ipants could take breaks between tests. Participants w
asked to position themselves 55 cm from the screen (a
44 AMERICAN JOURNAL OF
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tance marked on the response-button cable) and
perform the test in a dark, quiet room. In practice, w
had no control over Þxation stability, viewing distanc
or ambient lighting. In anticipation that these may b
important confounding factors, participants we
recorded during testing using the tabletÕs front-fa
camera (see the Results section). Note that the 55
viewing distance is farther than the conventional pe
metric distance of 33 cm. This was partly for consiste
with previous versions of Eyecatcher34,39 (versions that
incorporated near-infrared eye tracking, which requir
an approximately 55 cm viewing distance). It was a
partly to reduce (by a factor of approximately 1.5) t
extent to which any head movements affected retin
stimulus size/location (ie, given the lack of chin rest)
Note, however, that 33 cm has been used successful
other tablet perimeters32 and would have allowed fo
the whole horizontal extent of the 24-2 grid to hav
been tested.
MARCH 2021OPHTHALMOLOGY
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FIGURE 2. Summary of visual Þeld loss (mean deviation [MD]) for all eyes/tests. Each panel shows the complete data from a single
participant. Numbers in the top-left of each panel give participant ID, with asterisks denoting the 10 individuals who received initial
practice with Eyecatcher. The right eye (red circles) was always tested Þrst, followed by the left eye (blue squares). Light-Þlled
markers show the results for monthly Eyecatcher home-monitoring assessments. Dark-Þlled markers show the results of 2 Humphrey
Field Analyzer (HFA) pretests and 2 HFA post-tests (all tests performed consecutively, same day). For parity, HFA values were
computed using only the same 22 (paracentral) test locations as Eyecatcher, and any estimated sensitivities below 12.6 dB were
set to 12.6 dB (to reßect the smaller dynamic range of the Eyecatcher test). Small unÞlled markers show the unadjusted MD values
as reported by the HFA (ie, using all 52 test points and the full dynamic range). These unÞlled markers are most visible (ie, deviated
from the adjusted values) only when Þeld loss was severe. Note that participant 20 chose not to complete the Þnal 2 home-monitoring
tests, and participant 16 was unable to perform the Þnal HFA assessments because of COVID-19 (see main text for details).
As shown inFigure 1, C, the output of each Eyecatche
assessment was a 43 6 grid of differential light sensitivity
(DLS) estimates, corresponding to the central 24 locatio
of a standard 24-2 perimetric grid (6 158 horizontal;6 98

vertical). For analysis and reporting purposes, these va
were transformed to be on the same decibel scale as
HFA ½DLSdB ¼ 10log10ð3; 183:1=DLScd=m2Þ�. Because
of the limited maximum-reliable luminance of the scree
(175 cd/m2), the measurable range of values was 12.6
48 dB (HFA dB scale). Sensitivities below 12.6 dB cou
not be measured and were recorded as 12.6 dB. Note
it has been suggested that with conventional SAP, m
surements below approximately 15 dB are unreliable
of limited utility. 45Ð47
VOL. 223 HOME MONITORING OF GLAU
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The MRF iPad app has shown promising results un
laboratory settings32 and was considered for the prese
study. We chose to use our open source Eyecatcher sof
primarily for practical reasons (ie, we were familiar with
and could modify it to allow camera recordings and indiv
ual screen calibrations).

� ANALYSIS: Where appropriate, and as indicated in th
text, pointwise DLS values from the HFA were adjust
for parity with Eyecatcher by setting estimated sensitivit
below 12.6 dB to equal 12.6 dB. MD values were th
recomputed as the weighted-mean difference from a
corrected normative values,48using only the central 22 loca
tions tested by both devices (ignoring the 2 blind spots). S
45COMATOUS VISUAL FIELDS
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FIGURE 3. Accuracy (concordance with Humphrey Field Analyzer [HFA]). (A) Scatter plot, showing mean deviation (MD) from
the HFA (averaged across all 4 tests), against MD from Eyecatcher (averaged across all 6 home tests). Each marker represents a single
eye. The solid diagonal line indicates unity (perfect correlation). Statistics show the results of a Pearson correlation. Note that the
HFA MD values shown here were adjusted for parity with EyecatcherÕs measurable range/locations (see the Methods section). If the
unadjusted raw MD values were used, the correlation wasr38 [ 0.91, P < .001. (B) Bland-Altman agreement. Red horizontal
dashed lines denote 95% limits of agreement, with 95% conÞdence intervals derived using bootstrapping (bias-corrected accelerated
method, N [ 20,000). The 95% coefÞcient of repeatability (CoR95) was ±3.4 dB.
Supplemental Materialfor technical details regarding th
computation of MD. Nonadjusted MD values, as repor
by the HFA device itself, are also reported in the Resu
section.
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RESULTS

FIGURE 2SHOWS MDS FOR ALL EYES/TESTS. ADHERENCE (PER

centage of tests completed) was 98.3%. Nineteen of 20
dividuals completed the full regimen of 6 home-monitorin
sessions. Participant 20 discontinued home testing aft
sessions/mo after consultation with the study investigat
This was due to the test exacerbating chronic symptom
vertigo (also experienced after SAP).

MD scores were strongly associated between VFs mea
at home (mean of 6 Eyecatcher tests) and those measur
the lab (mean of 4 HFA tests), with a correlation ofr38 ¼
0.94 (Figure 3, A; Pearson correlation;P < .001) and a
95% coefÞcient of repeatability of6 3.4 dB (Figure 3, B).
For reference, mean agreement between random pai
HFA assessments was 2.2 dB (95% conÞdence int
[CI95]: 1.8-2.6 dB; 20,000 random samples). As shown
Figure 4, there was also good concordance between indi
ual VF locations (Pearson correlation:r878¼0.86;P� .001).

Some individual tests produced implausible data (
Figure 2: ID 8 test 3, ID 12 test 5). In total, there were 21 tes
(9%) where MD deviated by more than6 3 dB from the
average (median of all 6 tests). Of these, 13 (62%) occu
in the right eye (tested Þrst), and 7 (33%) deviated by mo
than6 6 dB. As described inSupplemental Figure 6, these sta-
tistical outliers could be identiÞed with reasonable sensitiv
46 AMERICAN JOURNAL OF
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speciÞcity (area under the receiver operating character
curve: 0.78) by applying machine learning techniques to
cordings from the tabletsÕ front-facing camera.

To quantify the extent to which regular home mon
toring reduced VF measurement error (between test v
ability), Figure 5 shows the estimated rate of chan
(least-squares slopes) at each VF location. We ass
that for the 6-month study period the true change in sen
tivity was approximately zero, and so any nonzero slop
timates represent random error. This assumption
reasonable given the relatively short time frame, that
participants were believed to be perimetrically stable, a
the fact that when all 4 HFA tests were considered, alm
as many points exhibited positive slopes (increasing se
tivity, Figure 5, A, red squares) as negative slop
(decreasing sensitivity,Figure 5, A, blue squares): ratio¼
0.86 (CI95 ¼ 0.74-1.01; seeFigure 5, C, for distribution).

When only a single (randomly selected) pair of HFA pr
and posttest results was considered (ie, the current clin
reality after 2 hospital appointments), mean absolute er
(MAE) was 1.96 dB (CI95: 1.7-2.3;Figure 5, B, gray shade
region). As progressively more home-monitoring tests w
also considered (Figure 5, B, Þlled circles), measurement e
ror decreased to 0.35 dB (CI95: 0.3-0.4). In 37 of the 38 eye
(97%; HFApostdata missing for participant 16), MAE wa
smaller when home-monitoring data were included, w
MAE reducing by more than 50% in 90% of eyes (med
reduction: 85%, CI95: 82%-87%). For reference, a redu
tion of 20% in variability is generally considered clinical
meaningful and allows progression to be detected 1
earlier.49 If we consider the home-monitoring data alon
(ie, without any HFA data included;Figure 5, B, unÞlled
squares), measurement error was still smaller afte
MARCH 2021OPHTHALMOLOGY
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FIGURE 4. Raw visual Þeld results for 10 randomly selected left eyes (seeSupplemental Figures 3-5for the other 30 eyes). The Þrst
and last columns show mean-averaged data from 2 ÔÔpreÕÕ and 2 ÔÔpostÕÕ reference tests, performed in clinic using a Humphrey Field
Analyzer (HFA) 3 (24-2, Swedish Interactive Threshold Algorithm Fast). The solid gray regions in the Eyecatcher plots denote those
regions of the 24-2 grid not tested due to limited screen size. Only half of participants were randomly selected to complete a supervised
practice test.
home-monitoring tests (0.78 dB; CI95: 0.6-1.1) vs 2 HFA
tests alone (1.96 dB), with a median reduction in MA
of 68% (CI95: 57%-76%).

Either with or without HFA data included, there was n
signiÞcant difference in MAE between the eyes of part
pants who received initial practice with Eyecatcher a
those who did not (independent samplest test: Pwith ¼
.864,Pwithout ¼ .812).
VOL. 223 HOME MONITORING OF GLAU
In some individuals (eg, ID 3, ID 13), MDs measured
home were systematically higher, in both eyes, than th
measured in clinic. This difference was not signiÞc
across the group as a whole (repeated measurest test of
MD: t39 ¼ � 1.08,P ¼ .286) and may indicate individua
differences in Þxation stability or viewing distance. Th
are not likely due to ambient illumination levels, whic
tended to be highly variable (both within and betwee
47COMATOUS VISUAL FIELDS
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FIGURE 5. Reduction in measurement error (between-test measurement variability) following home monitoring. (A) Estimated rate of
change (in dB per half-year), as increasing numbers of Eyecatcher tests are added to a single (randomly selected) pair of Humphrey Field
Analyzer (HFA) pre-/post-test results, made 6 months apart. As described in the main text, the true change in sensitivity is assumed to be
0, so any nonzero values represent measurement error. Ten of 40 eyes are shown here (same eyes asFigure 4). Results from the remaining
30 eyes are given inSupplemental Figures 7-9. Numbers above tests show mean absolute error (MAE), which would ideally be zero. (B) Mean
(±95% conÞdence interval [CI95]) MAE, averaged across all 40 eyes, as a function of N home-monitoring assessments (months). Filled circles
correspond to the scenario in (A) and show how measurement error decreased as Eyecatcher data were added to a random pair of HFApre/
HFA postassessments (ie, ÔÔancillary home-monitoring scenarioÕÕ). UnÞlled markers show measurement error if Eyecatcher data were consid-
ered in isolation, without any HFA data (ie, ÔÔexclusive home-monitoring scenarioÕÕ). Error bars denote 95% conÞdence intervals, derived
using bootstrapping (bias-corrected accelerated method, N[ 20,000). The shaded region highlights the CI95 (1.7-2.3 dB) given only a single
random pair of HFA assessments (ie, the current clinical reality after 2 appointments). (C) Histograms showing the distributions of all 880
rate-of-change slopes (22 visual Þeld locations3 2 eyes3 20 participants). Vertical dashed lines show the 5th and 95th percentiles.
individuals), but with a little apparent effect on the dat
(seeSupplemental Figures 10 and 11).

The median test duration for Eyecatcher was 4.5 minu
(quartiles: 3.9-5.2 minutes) and did not vary systematica
across the 6 sessions (F(5,227) ¼ 0.808, P ¼ .547; see
Supplemental Figure 12). For comparison, the media
test duration for the HFA (SITA Fast) was 3.9 minute
(quartiles: 3.3-4.6 minutes), and was faster than Eyecatc
in 30 of 40 eyes (despite the HFA testing over twice
many VF locations).
48 AMERICAN JOURNAL OF
r

DISCUSSION

HOME MONITORING HAS THE POTENTIAL TO DELIVER

earlier and more reliable detection of disease progres
as well as service beneÞts via a reduction in in-person
pointments. Here we demonstrate, in a preliminary sam
of 20 volunteers, that patients with glaucoma are willi
and able to comply with a monthly VF home-testin
regimen, and that the VF data produced were of go
quality.
MARCH 2021OPHTHALMOLOGY
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A total of 98% of tests were completed successf
(adherence), and the data from 6 home-monitoring te
were in good agreement with 4 SAP tests conducted
clinic (accuracy). This is consistent with previous obser
tions that experienced patients can perform VF testi
with minimal oversight,50 as well as with recent Þnding
from the Age-Related Eye Disease Study 2-HOME st
group, showing that home monitoring of hyperacuity
able to improve the detection of neovascular age-rela
macular degeneration.51

The use of home-monitoring data was shown to red
measurement error (between-test measurement v
ability). When home-monitoring data were added to
SAP assessments made 6 months apart (the current clin
reality), measurement error decreased by over 50% in 9
of eyes. Given that a 20% reduction in measurement v
ability is generally considered clinically meaningful(ie, a
lows progression to be detected 1 hospital visit earlier49),
this suggests that, even with present technology, ho
monitoring could be beneÞcial for routine clinical practic
(eg, support more rapid interventions). Furthermo
although we assume that ancillary home monitorin
designed to supplement and augment existing SAP, wo
be the generally preferred model, it was encouraging
robust VF estimates were obtained even when hom
monitoring data were considered in isolation. This sugg
that home monitoring may be viable in situations whe
hospital assessments are impractical, such as in domic
care, or in the wake of pandemics such as COVID-19.52

Home monitoring could also assist with clinical trial
For example, the recent UKGTS trial53 required 516 indi-
viduals to attend 16 VF assessments over 24 months: a
stantial undertaking, of the sort that can make ne
treatments prohibitively costly to assess.54,55 By allowing
more frequent measurements of geographically divers
dividuals, home monitoring could lead to cheaper, mo
representative trials and could potentially reduce trial du
tions (ie, evidence treatment effects sooner).

There were, however, individual instances where t
home-monitoring test performed poorly. In 21 tests (9%
MD deviated by more than6 3 dB from the median (of
which 7 deviated by more than6 6 dB). As has been show
elsewhere by simulation,14 the effects of these anomalou
tests were largely compensated for by the increased vo
of ÔÔgoodÕÕ data. However, poor-quality data should
be averted at source, and it was encouraging that man
these 21 anomalous tests could be identiÞed by appl
machine learning techniques to recordings of participa
made using the tabletsÕ front-facing camera
Supplemental Figure 6). It is also notable that when inter-
viewed at the end of the study, some participants alre
suspected some tests being anomalous (eg, due to a
test duration, or a feeling that they had not perform
well). Consideration may therefore need to be given
future as to whether participants should have the abil
to repeat tests or provide conÞdence ratings.
VOL. 223 HOME MONITORING OF GLAU
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Regarding adherence, 1 participant (ID 20) was advi
by the study team to discontinue home monitoring af
4 months, after reporting that the test was compound
chronic symptoms of dizziness (though interestingly th
data appeared relatively accurate and consistent up
this point; seeFigure 2). This adverse effect was not uniqu
to Eyecatcher, and the participant reported having occ
sionally experienced similar reactions following conve
tional SAP. However, this highlights that it may b
helpful to tailor the use and frequency of home monitori
to the needs and abilities of individual patients, in contra
to the current ÔÔone size Þts allÕÕ approach to VF
toring.12,56,57 A full qualitative analysis of participants
views on the beneÞts and challenges of home monito
is in preparation and will be reported elsewhere.

� STUDY LIMITATIONS AND FUTURE WORK: The present
study is only an initial feasibility assessment, examinin
small number of self-selecting volunteers. It remains to
seen how well home monitoring scales up to routine cl
ical practice or clinical trials. It will be particularly impor
tant to establish that home monitoring is sustainable ov
longer periods and is capable of detecting rapid prog
sion.11Ð15

Cost-effectiveness of glaucoma home monitoring
also yet to be demonstrated, and it would be helpful
perform an economic evaluation of utility, similar to tha
reported recently for age-related macular degenera
home monitoring.58 For this, it would be instructive to
consider not just home monitoring of VFs alone, but a
in conjunction with home-tonometry, which also appea
increasingly practicable.59 In the long term, there are
even signs that optical coherence tomography60 and
smartphone-based fundus imaging61Ð63 are becoming
straightforward enough to be administered by lay pers
and these might also be explored in future hom
monitoring trials.

It may be that targeted home monitoringÑfocused o
high-risk/beneÞt patients with glaucomaÑis cos
effective, even if the indiscriminate home monitoring
all patients is not.14 Thus, it may be best to concentrat
home-monitoring resources on those patients whose a11

or condition17Ð19makes them most likely to experienc
debilitating vision loss within their lifetime. It may als
be worth considering the potential secondary beneÞt
home monitoring, such as improved patient satisfact
and retention,56,64 or better treatment adherence. Thu
it is well established that many patients with glaucom
Þnd hospital visits stressful and inconvenient,56,65 and
home monitoring might be welcomed as a way of sav
time, travel, and money. Treatment adherence is kno
to increase markedly before a hospital appointmen66

(ÔÔwhite-coat adherenceÕÕ), or when patients receiv
mated reminders,67,68 and it is conceivable that the antic
ipation of regular home monitoring could provide a simil
impetus. After COVID-19, home monitoring of VFs ma
49COMATOUS VISUAL FIELDS
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also be desirable from a public health perspective, as a
of reducing the time each patient spends in clinic, and a
way of reducing the risk (real or perceived) of infectio
from conventional SAP apparatus.

� TEST LIMITATIONS AND FUTURE WORK: The test itself
(Eyecatcher) was intended only as a proof of conce
and was crude in many respects. In fact, we consider it h
ly encouragingÑand somewhat remarkableÑthat the r
sults were as promising as they were, given the low l
of technical sophistication. Alternative measures are be
developed elsewhere31Ð33,35Ð37(in particular, the MRF),
and there are several ways in which the present test co
also be improved in future.

The test algorithm (a rudimentary implementation o
ZEST42) was relatively inefÞcient and could be made fas
and more robust: most straightforwardly by using prior
formation from previous tests and by using a more efÞc
stimulus-selection rule.69 Increased efÞciency might b
necessary if, for example, attempting to test all 54 locati
in a standard 24-2 grid. The source code for the present
is freely available online for anyone wishing to view
modify it. Interestingly though, while Anderson and asso
ates14 anticipated that home tests would be brief, the re
tively long durations in the present study (media
4.5 minutes per eye) were not cited as a concern by pa
ipants (although 2 individuals observed that test duratio
were longer and more variable than conventional SAP)
may be that when it comes to home monitoring, less fo
should be placed on test duration than in convention
perimetry (ie, given the time saved by not having to trav
to and wait in clinic). Instead, focus should be direct
more toward usability (eg, the ability to pause, resume
restart tests).

A further key limitation of the present test is that onl
paracentral vision was assessed (6 158 horizontal;6 98 ver-
tical; the most central 24 points of the 24-2 grid). Althoug
this seemed sufÞcient to assess the feasibility of home m
toring in principle, such a limited Þeld of view would i
practice hinder cliniciansÕ ability to determine progress
in the size or shape of Þeld loss, and key areas of loss m
missed altogether (ie, most of the superior and infe
arcuate nerve Þber bundle areas were not tested). A w
50 AMERICAN JOURNAL OF
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Þeld of view could be achieved by using a larger screen38,70

(at the cost of reduced portability), by requiring the user
Þxate different areas of the screen throughout the cours
the test31Ð33,39 (at the cost of increased complexity), or b
reducing viewing distance31Ð33 (at the cost of greate
measurement error due to head movements; see
Methods section). Alternatively, the future use of hea
mounted displays (or ÔÔsmart-glassesÕÕ) would allow
Þeld testing, and would also obviate many practical c
cerns regarding uncontrolled viewing distance, impro
patching, screen glare, or variations in ambient lightin
These potential confounds did not appear to be limiti
factors in the present study, but could be problematic
less compliant individuals, or those disposed to chea
malinger. Other ways in which the present hardware co
be improved are by using eye tracking to monitor Þxati
using near-infrared facial imaging systems, such as
iPadÕs TrueDepth camera, to track viewing distance
millimeter accuracy; and/or by integrating iris scanni
to ensure that the correct eye/person is always tested
the long term, test data will need to be integrated secur
into medical records systems, and consideration given
to maintain accurate screen calibrations over extended
riods of use.70
-
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