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Purpose: Assess patient adherence, diurnal intraocular pressure patterns, and correlation with in-office tonometry of home intraocular
pressure monitoring (IOP).

Patients and Methods: In this prospective cohort study, 75 patients with open-angle disease (150 eyes) were recruited and loaned
the iCare HOME2 tonometer (ICH2) after in-person training and instructed to take 6 measurements per day for 10 + 4 days. Statistical
analysis of adherence, diurnal IOP patterns, and correlation with in-office tonometry was conducted.

Results: Most patients had good adherence (65% of patients took > 6 measurements per day, median 7.4 measurements/day). However,
adherence was poor for a notable minority of patients (19% of patients took less than 2 measurements per day). Patients with low adherence
reported difficulty obtaining measurements and desire for more training with the ICH2 device. ICH2 identified diurnal patterns of IOP
fluctuation: IOP varied significantly over the 24-hour day (p <0.0001), and early morning peak IOP at 3 AM decreased significantly throughout
the day to minimum mean IOP at 10 PM (p < 0.0001). IOP variance was significantly greater outside of clinic hours (p < 0.0001) and 36% of
patients had maximum IOP outside of clinic hours. In-office IOP measurements had significant positive correlation to the closest ICH2
measurement obtained by the patient in time for both Goldman applanation (r* = 0.35, p < 0.0001) and iCare IC100 (* = 0.48, p < 0.0001).
Conclusion: ICH?2 is clinically useable and effective for detecting out-of-office IOP spikes, diurnal IOP patterns, and IOP variation.
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Introduction
High intraocular pressure (IOP) is the greatest modifiable risk factor for disease progression and vision loss in glaucoma.'
IOP is routinely measured during office visits, and reducing IOP is the only known method of slowing glaucoma
progression.' TOP has both intra-day and inter-day variation.®® Therefore, in-office IOP monitoring provides only
limited IOP surveillance, missing clinically relevant peaks and fluctuations that occur outside of office hours or from day
to day.” Previous studies have found that many eyes have increased IOP mean, peak, and range during non-office hours,
and out-of-office IOP can inform changes in glaucoma management.'®'" Home tonometry has promise for enabling more
detailed IOP measurement by capturing such information for improved risk stratification and management.'?

24-hour home monitoring of IOP by healthcare professionals is impractical in terms of logistics and healthcare
resource utilization. As a result, patient-operated home tonometers have been developed and investigated for practical
use. These included the first study of home tonometry with the Schiotz tonometer in 1973,"* as well as a later device that
discovered large diurnal IOP fluctuations as an independent risk factor for glaucoma progression, but did not reach
widespread clinical use.'*'> More recently, the iCare HOME (iCare USA, Raleigh, NC) rebound tonometer was
developed and FDA-approved for patient home self-use, enabling over 75% of trained patients to take home IOP

measurements that are accurate when compared to Goldmann applanation tonometry.'® 2
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The iCare HOME2 (ICH2) is the second generation of iCare home tonometer, and has shown reliability in
a large retrospective study.12 Small prospective studies have reported that patients are satisfied with the device,?
confirmed test-retest reliability,”* and reported good correlation with Goldman applanation tonometry (GAT),>*-*>
but have limited sample size and no assessment of diurnal IOP fluctuations in all 24 hours of the day. Furthermore,
a large prospective study of ICH2 investigating patient adherence, diurnal IOP patterns, and correlation with in-
office tonometry has previously not been undertaken. This study was conducted to examine patient adherence,
diurnal IOP patterns, and correlation with in-office tonometry in a large prospective study using the ICH2 device.

This work is needed to inform real-world best practices for home tonometry.

Materials and Methods

Study Design

This IRB-approved prospective study (Cleveland Clinic IRB #23-355) investigated eyes with open-angle disease and low
threshold for change in treatment seen at Cleveland Clinic main campus and satellite locations in Ohio, United States of
America. The study adhered to guidelines for prospective studies and good clinical practice, including the Declaration of
Helinski, International Conference on Harmonization of Technical Requirements of Pharmaceuticals for Human Use E6,
applicable Food and Drug Administration regulations, and the Health Insurance Portability and Accountability Act.
Informed consent was obtained at study enrollment for each participant.

Study Participants

Adult patients (> 18 years old) with non-angle-closure glaucoma, ocular hypertension, or glaucoma suspect and low threshold
for change in treatment were included in the study. Diagnoses were established and confirmed based on documentation in the
patient’s electronic medical record. A wide range of eyes reflecting the varying disease severity and co-occurring conditions
seen in routine clinical practice were recruited to best study the real-world performance of the ICH2 device. Exclusion criteria
included angle closure glaucoma or patient inability to use the ICH2 device during an in-office training session. Descriptive
statistics of demographics (age, sex, and race) and diagnoses of study participants were calculated.

In-Office Training Protocol

Study participants were loaned a home tonometer (iCare HOME2; ICH2) and were instructed to take 6 measure-
ments per day for 10+4 days, aiming to obtain more data than previous studies that loaned for one week with 4
measurements per day.'”*® In-office training with the ICH2 device was administered in a one-on-one format with
a study coordinator in a format similar to prior studies.'®'**® During the training session, the study coordinator
demonstrated how to take a measurement with ICH2, the participant was observed taking measurements, and the
coordinator ensured that the participant was capable of independently obtaining measurements. If the participant
had significant difficulty taking measurements in the opinion of the participant or coordinator, or if the total time
of the training session exceeded 45 minutes, the patient was excluded from the study.

Analyzing Patterns in iCare HOME?2 Utilization

Histograms of the number of measurements per patient, number of measurements per eye, days between first and
last measurement, and measurements per patient per day were plotted to visualize trends in ICH2 utilization.
Descriptive statistics were calculated of the same metrics. Patients with low adherence (average of < 2 measure-
ments per day over the loan period) were surveyed via an in-person or telephone conversation to determine barriers
to adherence.

Analyzing Patterns of IOP Variation

Histograms were made and descriptive statistics were calculated for mean, minimum, and maximum IOP during the
home measurement period. The mean and standard deviation IOP for all patients was determined for each hour of the 24-
hour day, and these data were plotted to visualize diurnal patterns of IOP fluctuation. Analysis of variance was used to
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assess the variation of IOP across hours in the day and -tests were used to assess differences in IOP between individual
hours in the day.

Clinic hours were defined as between 8 AM and 5 PM as in previous home tonometry studies.'® The proportion of
patients with maximum IOP outside of clinic hours was calculated. IOP variance during and outside of clinic hours was
compared using an F-test.?” A t-test was used to test for a difference in mean age between patients who did and did not
have maximum IOP outside of clinic hours.?” A chi-square test was used to test for a difference in the proportion of
males or females who had maximum IOP outside of clinic hours.?’

Correlation of Home and In-Office Tonometry

To assess the correlation of home and in-office tonometry in this real-world clinical cohort and inform the real-world reliability,
utility, and interpretation of home tonometry data, each patient’s in-office IOP from the last visit before and first visit after their
ICH2 loan period were obtained along with the method of in-office IOP measurement. The nearest ICH2 measurement in time to
each visit was then determined. In-office IOP was measured by either an attending ophthalmologist, ophthalmology resident, or
certified ophthalmic technician. The correlation these in-office IOP measurements and the corresponding home measurements
were then determined using linear regression and the coefficient of determination for all in-office measurement methods,
Goldman applanation individually, iCare IC100 (the iCare devices typically used in clinic) individually, and Tonopen
individually.?® Bland-Altman analysis was also conducted to assess agreement between methods.? To directly compare office-
based measurement to ICH2 during office hours, these values were plotted on a boxplot and descriptive statistics were calculated.
While some variation between in-office and home measurements is expected due to differences in measurement time and

measurement technique, this analysis is important for characterizing measurement differences as they occur in real-world use.

Results

Study Sample

150 eyes from 75 patients were enrolled in the study. Demographic and diagnosis characteristics of study participants are
shown in Table 1. Participants had a mean age of 64.6 + 13.2 years. 48% of participants were male and 52% were female.
Diagnoses represented in the cohort included ocular hypertension (7% of eyes), glaucoma suspect (4%), primary open
angle glaucoma (63%), normal tension glaucoma (9%), and secondary glaucoma (13%).

Table | Demographics and Characteristics of Study Participants

Age (years; mean * SD) 64.6 + 13.2

Sex n Participants | Proportion of Participants
Male 36 48%

Female 39 52%

Race n Participants | Proportion of Participants
White 53 71%

Black 16 21%

Asian 6 8%

Diagnosis n Eyes Proportion of Eyes
Ocular Hypertension Il 7%

Glaucoma Suspect 6 4%

(Continued)
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Table | (Continued).

POAG 95 63%
Suspect | 1%
Mild 26 17%
Moderate 27 18%
Severe 34 23%
Indeterminate 7 5%

Normal Tension Glaucoma 13 9%
Mild 3 2%
Moderate 3 2%
Severe 5 3%
Unspecified Severity 2 1%

Secondary Glaucoma 19 13%
Pigmentary, Mild 4 3%
Pigmentary Glaucoma, Severe 2 1%
Pseudoexfoliative, Mild 2 1%
Residual, Mild 2 1%
Neovascular, Indeterminate 2 1%
Congenital 2 1%
Steroid-Induced 2 1%
Secondary to Retinitis Pigmentosa 2 1%
Unspecified Secondary, Moderate | 1%

No Diagnosis 6 4%

Abbreviations: POAG, primary open-angle glaucoma; SD, standard deviation.

Device Handling for Home IOP Monitoring

74 (98.7%) patients took at least one IOP measurement and 145 (96.7%) eyes were measured at least one time. The number of
measurements taken per patient occurred in a bimodal pattern, with most patients taking approximately 1-25 measurements or
75-125 measurements (Figure 1A). The median number of measurements per patient was 97 with IQR equal to 98 (Table 2). The
maximum number of measurements taken by a patient was 239 (Figure 1A). The number of measurements per eye was also

25%
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Figure | Home IOP measurement patterns of patients who took at least one measurement. Number of measurements taken by each patient (A), number of measurements
per eye (B) and measurements per day (D) during the study period follow bimodal distributions. Time between first and last measurement (C) follows an approximately
normal distribution.
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Table 2 Center and Spread of Home IOP Measurement Patterns. Normally Distributed
Metrics are Presented as Mean * SD. Non-Normally Distributed Metrics are Presented as

Median (IQR)
Metric Distribution (Median (IQR) or Mean t SD)
Measurements per Patient 97 (98)
Measurements per Eye 49 (52)
Measurements per Day 74 (5.8)
Time between First and Last Measurement (days) 120 £ 6.0

Abbreviations: IQR, interquartile range; SD, standard deviation.

bimodally distributed, with most eyes being measured approximately 1-10 or 45-75 times (Figure 1B). The median number of
measurements per eye was 49 with IQR equal to 52 (Table 2). The maximum number of measurements per eye was 120. Patients
took measurements over a mean duration of 12.9 + 6.0 days. The longest measurement period was 30 days (Figure 1C). The
average number of measurements per patient per day was bimodally distributed, with most patients taking 1-2 or 6-11
measurements per day, with an average maximum of 21.7 measurements per day (Figure 1D). The median number of
measurements per day was 7.4 with IQR of 5.8 (Table 2). 65% of patients took > 6 measurements per day and 19% of patients
took less than 2 measurements per day (Figure 1D). Among the 14 patients with less than 2 measurements per day, 6 were able to
be contacted for a survey of barriers to adherence. All 6 surveyed patients reported difficulty obtaining measurements as the
barrier to adherence. 2 reported difficulty due to poor central vision and 2 reported a desire for more training to improve ease of
measurement.

Patient-Level Patterns of Intraocular Pressure Measured by Home Tonometry

Mean IOP for all patients during the measurement period was 17.3 + 4.8 mm Hg (Figure 2A, Table 3). The mean
maximum [OP was 23.9 £ 7.5 mm Hg (Figure 2B and Table 3). The mean minimum IOP had right-skewed distribution
with a median of 11.0 and an IQR of 6.0 mm Hg (Figure 2C and Table 3).

Diurnal IOP Fluctuations Measured by Home Tonometry

54 eyes (36%) had maximum IOP outside of clinic hours. No significant association was found between age (p =0.71) or
sex (p = 0.31) and likelihood of having maximum IOP outside of clinic hours. Significant IOP variation occurred across
all 24 hours of the day (p < 0.0001). An early morning average IOP peak was observed at 3 AM (22.2 + 4.1 mm Hg),
which decreased significantly (p < 0.0001) throughout the day to a minimum mean IOP at 10 PM (14.1 + 4.2 mm Hg)

(Figure 3).
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Figure 2 Distribution of patient-level mean (A), maximum (B), and minimum (C) IOP measured by home tonometry.
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Table 3 Center and Spread of Patient-Level Mean, Maximum, and
Minimum |OP Measured by Home Tonometry. Normally Distributed
Metrics are Presented as Mean * SD. Non-Normally Distributed
Metrics are Presented as Median (IQR)

Metric Distribution (Mean * SD or Median (IQR))
Mean IOP (mm Hg) 17.3 + 48
Maximum IOP (mm Hg) 23975
Minimum IOP (mm Hg) 11.0 (6.0)

Abbreviations: IQR, interquartile range; SD, standard deviation; IOP, intraocular
pressure.

Correlation of In-Office and Home Tonometry

In-office and home tonometry measurements showed a significant positive linear relationship (p < 0.0001), with 34% of
the variability in home tonometry being explained by variation in in-office tonometry across all in-office measurement
methods (Figure 4A). Applanation (r* = 0.35) and iCare IC100 (1> = 0.48) had the strongest correlation between in-office

and home IOP measurements, while the analysis of Tonopen measurements was limited by sample size (Figure 4B-D).
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Figure 3 Diurnal IOP variation measured by home tonometry. ***Significantly different mean IOP (p < 0.0001) when comparing values at the hour of the diurnal early
morning maximum mean IOP to the hour of the late-day minimum mean IOP. Blue dots represent mean |IOP for measurements obtained in each hour of the day. Red bars

represent + one standard deviation.
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Figure 4 Regression analysis of in-office IOP by all methods (A), applanation (B), iCare (C) and tonopen (D) and closest home IOP in time. Axis labels indicate method of
in-office IOP measurement compared to iCare HOME2.
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Figure 5 Bland-Altman analysis of in-office IOP by all methods (A), applanation (B), iCare (C), and tonopen (D) and closest home IOP in time. Axis labels indicate method
of in-office IOP measurement compared to iCare HOME2.
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Figure 6 Distribution of home IOP measurements obtained between 8 AM and 5 PM (office hours) compared to in-office IOP measurements obtained during the same
hours. Home and in-office IOP measurements have similar median values, but home IOP measurements show more outlying high values.

Bland-Altman analysis showed no significant over- or under-estimation when comparing methods (Figure 5) In-office
tonometry and home tonometry measurements during office hours had similar median and IQR—15 (6) and 16 (7)
respectively—while home tonometry had several outlying high IOPs that were not present on in-office tonometry
(Figure 6).

Discussion
This is the first large prospective cohort study to investigate patterns of patient adherence, diurnal IOP fluctuation, and
correlation with in-office tonometry using the ICH2 device, in contrast to previous studies that were either retrospective,
had small sample sizes, or investigated older devices. This study found a bimodal distribution of patient adherence to
home tonometry, showed good agreement between home tonometry and in-office measurement methods, and showed the
ability of the ICH2 to characterize out-of-office IOP peaks, variation, and diurnal fluctuations. While home tonometry has
been investigated since the 1970s, it has not reached widespread clinical use. Therefore, such prospective data with the
latest home tonometer technology are needed to inform real-world best practice.

This study reveals patterns in patient adherence that could be used to optimize home tonometry adoption. Patients
demonstrated a bimodal distribution of measurements per patient, measurements per eye, and measurements per day. The
good adherence of many patients and results of the barriers to adherence survey suggest that home tonometry can be
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well-adopted by patients after a brief training session, and that the smaller but notable number of patients with poor
adherence could be helped through increased training, barring limiting conditions such as poor central vision. Such
intervention could improve overall quality of IOP monitoring and glaucoma management at the population level as
improving adherence decreases the risk of developing severe glaucoma. Beyond improving adherence, further training
and addressing specific patient concerns could improve the accuracy and consistency of IOP readings obtained by home
tonometry. This study builds on prior investigations that found that patients had a positive impression of home tonometry,
but that did not investigate the distribution of adherence patterns as the present study did.'®2%*

This work also demonstrates the ability of ICH2 to detect significant diurnal IOP patterns, informing the utility of
ICH2 for monitoring diurnal IOP fluctuation in real-world clinical practice. These patterns are consistent with other
diurnal patterns observed in the literature: the 3 AM maximum and 10 PM minimum mean IOP observed in this study are
similar to those observed at 3:30 AM and 9:30 PM, respectively, by Liu et al”** While other studies found peaks later in
the morning, they did not always measure IOP in the early hours of the morning.” A strength of this study is inclusion of
data from all 24 hours of the day. As glaucoma medications differ in their ability to modulate diurnal versus nocturnal
IOP, the robust monitoring of diurnal IOP could be increasingly important for standard-of-care glaucoma management in
the future.® Besides implications for management, future work should also focus on determining factors underlying these
diurnal patterns including differences in diurnal patterns between measurement methods due to factors such as corneal
biomechanics.*'

In addition to diurnal IOP patterns, ICH2 also detected increased IOP variance outside of clinic hours. As diurnal IOP
fluctuation is an independent risk factor for glaucoma progression, these results suggest that ICH2 could play an
important role in diurnal IOP variability quantification, progression risk stratification, and management decision support
in routine clinical practice.'” IOP variation was also measured in terms of peak IOP, finding that 36% of eyes had
maximum IOP outside of clinical hours. This agrees with previous studies finding that 44% of patients has higher home-
tonometry maximum IOP than clinic-measured IOP."” However, no association was found between age or sex and out-of-
office maximum IOP. This is in contrast to a previous study which found that younger age and male sex increased risk of
higher home IOP, although the authors acknowledged that the mechanisms and reproducibility of these findings were
unclear.'”** As IOP variance is a risk factor for glaucoma progression, these results have relevance for clinical use of
IOP variance as measured by home tonometry to inform management decisions.

The results of ICH2 correlation with in-office IOP measurement reinforce previous findings that ICH2 is in good
agreement with in-office tonometry. The decreased 1 values in this study compared to previous back-to-back compar-
isons of applanation tonometry with ICH2 (r* = 0.88 by Kratz et al' and 0.98 by Kuo and Rahimy>’) are expected as the
home and in-office measurements were not taken in a back-to-back fashion in this study. Nevertheless, the significant (p
< 0.0001) correlation demonstrates the ability of ICH2 to identify patients with generally higher versus lower IOP in
a manner that correlates with in-office IOP.

The number of high outlying IOP pressures identified by home tonometry during business hours compared to in-office
IOP is also notable (Figure 6). As ICH2 has previously shown test-retest reliability** and good correlation with in-office

12,23,25

tonometry, it is unlikely that these are the result of instrument error. Rather, it is likely that ICH2 detects IOP

spikes occurring at home due to routine daily activities,” yoga,®* or vigorous exercise®

compared to in-office IOP
measurements taken in a sedentary clinic environment.

This study has several strengths and important limitations. Strengths include a large prospective clinical cohort design
representing a clinical cross-section of disease types, investigation of IOP across a large range of time outside of office
hours, and investigation of the distribution of ICH2 adherence beyond simply mean and standard deviation number of
measurements. Additionally, to avoid over-burdening clinicians with many outside-of-clinic-hours messages, patients
were not able to see their ICH2 IOP values on-device, instead discussing their results with the physician at their next
office visit. Limitations include that not all diseases were equally represented and IOP was only measured during one
loan period without intervention. These are important opportunities for further investigation. Future studies should
include investigating the impact of adherence interventions for patients with low baseline ICH2 adherence, as well as the
impact of ICH2-dected IOP patterns on management decisions and disease progression, particularly in patients who have

unclear indication for further intervention as was previously suggested in a case series by Levin et al.*®
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Conclusion

Overall, this study demonstrates that home tonometry shows a more complete IOP profile of a patient compared to in-
office tonometry, detecting risk factors that could inform management decisions. This study showed detection of diurnal
IOP patterns, increased IOP variance outside of clinic hours, and maximum IOP outside of clinic hours for over one-third
of patients with the ICH2 device. Good adoption of the ICH2 device was observed for most patients, with low adaptation
in a notable minority that shows potential for targeted intervention. This investigation also added real-world prospective
data to previous literature demonstrating the correlation of ICH2 with in-office IOP measurements. Overall, these
findings reinforce the utility of ICH2 for comprehensive, reliable, and practical IOP monitoring, with potential future
applications for improved clinical risk stratification and management decision support.
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