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Purpose: To understand patient experiences using the iCare HOME tonometer through assessing ease of use, device usage patterns, 
proficiency, and patient comments.
Methods: We conducted a prospective survey-based cohort study of 19 patients (35 eyes) with glaucoma or glaucoma suspect 
diagnoses. Patients received training on home tonometer usage and were loaned the device for one week to measure intraocular 
pressure at home multiple times daily. Participants completed a journal and survey at the end of the study period.
Results: On average, participants measured intraocular pressure ≥4 times per eye each day (4.19±1.54 OD and 4.06±1.41 OS). Most 
found the home tonometer moderately or very easy to use (75% total, 31% and 44% respectively) and would be happy to use the 
device in the future (94%). The home tonometer was deemed comfortable to use (94%). Most participants were able to use the device 
without assistance from another person (88%). Many felt that they became proficient at using the home tonometer (94%) and 
proficiency was achieved typically by day 3 of usage. Patient comments provided insight into sources of difficulty in usage and 
motivations for home tonometry.
Conclusion: Home tonometry was easy to use and comfortable for most patients with proficiency in usage quickly achieved by day 3. 
Surveying patient perspectives revealed sources of difficulties in home tonometer usage. Patients were eager to obtain home 
intraocular pressure measurements that could help with disease management.
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Introduction
Glaucoma is a chronic disease and one of the leading causes of blindness worldwide.1 Vision loss in glaucoma is mainly 
due to optic nerve damage from increased intraocular pressure (IOP), a significant risk factor that needs to be monitored 
and carefully controlled.2 Monitoring and management of IOP is therefore a primary goal for patient care. Current 
therapeutics for glaucoma also target IOP reduction. It is essential for patients to regularly obtain accurate IOP 
measurements as they serve as key data points in determining disease status, assessing therapeutic efficacy, and guiding 
treatment decisions. Most commonly, in-person testing and evaluation of IOP are required in the clinic or hospital 
settings. As glaucoma is a lifelong disease, this places a large burden on many patients due to the frequency of IOP 
testing that is required for proper management. Additionally, IOP measurements can undergo diurnal fluctuations that 
may not be accurately captured from a single measurement taken in the clinic or hospital.3–5

The current gold standard for measuring IOP is Goldmann applanation tonometry (GAT) due to its reliability and 
reproducibility.6 However, GAT requires a trained professional for proper IOP measurement and can only be performed 
in the clinic or hospital setting. Home tonometry offers a promising solution that may lead to more robust glaucoma 
patient care with an increasing number of devices that have been developed for measuring IOP at home including 
rebound tonometry devices such as the iCare HOME tonometer (HT) approved by the Food and Drug Administration for 
home use.7,8 Comparisons of IOP measurements obtained with GAT and HT have shown moderate to high agreement in 
accuracy.9–12 Multiple studies have also demonstrated that home tonometry with the HT is feasible and reliable.13,14 
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However, few studies have comprehensively reviewed patient reports regarding ease or difficulty of use, which has direct 
implications for patient compliance in using the HT device.

The purpose of this pilot study was to better understand the patient’s perspective on using a HT by assessing ease of 
use, device usage patterns, and proficiency ratings. Patients were able to take home the HT for one week. The longer 
duration allowed patients to fully familiarize themselves with the HT and assess its ease of use over this period. While 
other studies have mainly focused on validating the accuracy of IOP measurements taken with the HT or the feasibility of 
training and usage,9–15 our study places greater emphasis and focus on the patient experience using the HT device. 
Gaining a better understanding of the patient’s perspective will allow for potential improvements in training, device 
design, and an overall wider acceptance and integration of home tonometry in glaucoma patient care.

Materials and Methods
This was a prospective survey-based cohort study involving 19 patients with glaucoma or glaucoma suspect diagnoses 
recruited from Kellogg Eye Center, Ann Arbor, MI, USA. Institutional Review Board (IRB) approval was obtained for 
this study. This study adhered to the tenets of the Declaration of Helsinki.

Participants were recruited from a subset of patients with glaucoma or glaucoma suspect diagnoses who previously 
expressed interest in using HT (iCare HOME, (TA022, Icare Oy, Vanda, Finland). Patients for whom the HT device was 
clinically indicated were scheduled for an appointment to receive the device and receive device training regardless of 
their participation in the study. A study team member reviewed the medical records of patients scheduled to receive HT 
to screen for eligibility in the study. Patients with a history of LASIK, corneal surgery, severe dry eye, or recent cataract 
and other ocular surgery (within 3 weeks) were excluded as these conditions may impair IOP measurement acquisition 
with the HT and use may introduce unsafe conditions. Other exclusion criteria included patients with corneal pathology, 
including keratoconus and Fuch’s dystrophy. Patients with diseases that significantly limited mobility, such as severe 
arthritis, Parkinson’s disease, or other movement disorders were excluded, as these patients may have difficulty 
manipulating the HT device. Those without any exclusionary criteria were contacted by phone by a study team member 
for recruitment to participate in the study. Informed consent was obtained over the phone.

Enrolled patients underwent standardized training prior to device use. Patients were loaned an iCare HOME device 
for one week and were instructed to measure their IOP multiple times throughout the day. At their appointment to receive 
the HT, enrolled patients were also given a journal template to help keep responses consistent in formatting and 
organization, a copy of the consent form for their records, directions on how to participate in the study, and a survey 
to be filled out at the end of the study period. All documents were pre-labeled with a unique study ID. The medical record 
number (MRN) that correlated with a patient’s ID was saved in a document separate from the main database of patient 
information and stored on an encrypted document in a HIPAA-compliant, secure DropBox folder. iCare HOME 
automatically uploaded IOP data onto a HIPAA-compliant database as part of its design.

The survey asked participants to respond to 16 questions as follows:

1. How easy was it to use iCare HOME? (5-point Likert scale) and comments.
2. If you found it difficult to use iCare HOME, which steps were challenging?
3. Did you require assistance from another person to use the device?
4. Were there any barriers to obtaining regular measurements (4–6x a day)?
5. How comfortable was it to take measurements with iCare HOME? (5-point Likert scale) and comments.
6. How happy would you be to use this device in the future? (5-point Likert scale) and comments.
7. Did you feel that you became more proficient at using iCare HOME as the week went by? Around what day after 

receiving the device did you feel fully proficient?
8. Which part of the training to use the iCare HOME did you find most helpful?
9. Have you had experience with home medical devices in the past? Please list.

10. What changes would you make to the device?
11. Did you take your measurements before or after taking eye drops?
12. What is your race/ethnicity?
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13. What is your highest level of education?
14. What is your dominant hand?
15. Which eye did you measure the pressure in?
16. Which hand did you use to hold iCare HOME when measuring your IOP?

Results
Study participants were 50% men and 50% women, with a mean age of 60.75 years and a range of 42 to 82 years. Our 
study recruited 19 patients who received a HT device loan, of which 16 completed the end of study survey and 12 
completed the home journal. As the end of study survey was our main outcome, we excluded the three patients with 
incomplete surveys. The full demographics and clinical characteristics of study participants are listed in Table 1.

Characteristics of Device Usage
Regarding characteristics and patterns of HT device usage, 100% of participants took IOP measurements in both eyes. While 
87.5% reported right hand dominance, 56% used their right hand only to hold the device, 38% used both hands, and 6% used 

Table 1 Demographics and Clinical Characteristics of Participants

Variable Mean (SD) Range Median

Age (years) All 60.75 (10.92) 42 to 82 60.00

Male (50%) 59.63 (14.10) 42 to 82 61.00

Female (50%) 61.88 (6.09) 55 to 71 60.00

Visual acuity, best corrected (logMAR) OD 0.136 (0.265) 0 to 1 0

OS 0.235 (0.468) 0 to 1.796 0.097

CCT (um) OD 546.07 (25.52) 484 to 576 554.00

OS 544.13 (21.41) 493 to 565 551.00

Clinic IOP by GAT (mmHG) OD 13.28 (4.92) 9 to 29 12.50

OS 12.50 (4.51) 5 to 28 12.50

Yes No

Eyedrops (participant, n=) All 14 (87.50%) 2 (12.50%)

Male 7 (87.50%) 1 (12.50%)

Female 7 (87.50%) 1 (12.50%)

Surgeries (participant, n=) All 12 (75.00%) 4 (25.00%)

Male 6 (75.00%) 2 (25.00%)

Female 6 (75.00%) 2 (25.00%)

N=Eyes % of Eyes

Glaucoma Diagnosis POAG 16 50.00%

NTG 9 28.00%

JOAG 6 18.75%

Suspect 2 6.25%

CACG 2 6.25%

(Continued)
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their left hand only (Figure 1A). In relation to eye medications, 88% reported that measurements were taken both before and/or 
after eyedrops (Figure 1B). While patients were instructed to try to take multiple measurements each day using the HT device, 
a barrier noted by many patients included remembering to do so, especially on busy days working, running errands, or at 

Table 1 (Continued). 

Variable Mean (SD) Range Median

N=Participants % of Participants

Race Caucasian 13 81.25%

Asian 2 12.50%

Not specified 1 6.25%

Highest degree Doctoral 3 18.75%

Master’s 4 25.00%

Bachelor’s 4 25.00%

Associate’s 4 25.00%

Some high school 1 6.25%

Abbreviations: CCT, central corneal thickness; IOP, intraocular pressure; GAT, Goldmann applanation tonometry; POAG, primary open 
angle glaucoma; NTG, normal tension glaucoma; JOAG, juvenile open angle glaucoma; CACG, chronic angle closure glaucoma.

Figure 1 Characteristics of patient usage of home tonometer (HT) device. (A) Descriptions of handedness when using device and eyes in which measurements were 
obtained. Inset values represent percentages (%). (B) Pie chart visual representation of when measurements were obtained in relation to medications or eyedrops. 
(C) Average number of intraocular pressure (IOP) measurements taken per day, per eye ± standard deviation.
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nighttime. Some noted that it was difficult to bring the device with them when not at home, which decreased the total number 
of measurements obtained each day. Nonetheless, patients obtained on average at least four IOP measurements in each eye 
per day (4.19±1.54 OD and 4.06±1.41 OS) (Figure 1C).

Perspectives on Ease of Use
We surveyed patient perspectives on general HT device ease of use and 75% reported a rating of “moderately easy” or 
“very easy” (31% and 44%, respectively) (Figure 2A). Specific comments listed in survey responses and journal entries 
highlighted issues aligning the device for proper measurements or adjusting the forehead and cheek sliders to sit properly. 
Other patients reported trouble seeing the light cues emitted from the device when trying to take measurements, 
especially in an eye with low vision. Additionally, the beeping sounds from the device were not intuitive to understand 
for some patients. The device emits normal short or long beeps when measurements are being taken, however various 
combinations of light flashes and long or short beeps indicate a specific error depending on the combination. For 
example, when the probe base light is flashing red accompanied by 3 long beeps, this indicates that the probe is 
positioned too far from the eye while 5 short beeps paired with the same light flashes indicates that the probe is too close 
to the eye. In terms of comfort when taking measurements, 94% reported a rating of “moderately comfortable” or “very 
comfortable” (25% and 69%, respectively) (Figure 2B). A large majority of patients (94%) reported that they would be 
“moderately happy” to “very happy” to use the HT device in the future (13% and 81%, respectively) (Figure 2C). While 
the majority reported high comfort in device usage, sources of discomfort included the bright lights from the device, 
especially with nighttime use. Additionally, prolonged attempts at measurement led to patient discomfort if the first 
measurement attempt was unsuccessful. Most patients (88%) were able to use the device independently without the need 
for assistance from another person (Figure 2D). A recurring theme from survey and journal entries was patient 

Figure 2 Patient perspectives on ease-of-use of home tonometer (HT) device. Pie chart visual representations of participants’ survey answers to ease-of-use related survey 
questions. (A) Responses regarding ease of use of HT based on a 5-point Likert scale. (B) Responses regarding comfort of HT based on a 5-point Likert scale. (C) Responses 
regarding use of HT in the future based on a 5-point Likert-scale. (D). Responses regarding requirement of assistance to use HT.
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appreciation for getting more data points for their IOP measurements and its role in disease management. However, many 
were curious about the actual IOP measurements obtained and would have liked to see the readings in real-time displayed 
on the device itself. A few patients would have also liked a mechanism to improve probe stability on the device along 
with a cover for the probe.

Training and Proficiency
In-person training with an ophthalmic technician was most often reported as the most helpful part of HT device training, 
with many patients commenting on its essential role in gaining familiarity with using the device. Notably, a trained 
technician was helpful for obtaining the correct forehead and cheek measurements to ensure correct device alignment for 
some patients. Additional training materials deemed helpful included printed handouts with written and photographic 
instructions and other resources such as online videos (Figure 3A). Most patients (94%) reported that they became more 
proficient at using the HT device over their loan period (Figure 3B). Most patients reported proficiency by day 3 after 
receiving training with the HT device, with some gaining proficiency slightly earlier or later (Figure 3C). One patient 
reported in journal entries that it took about 20–30 minutes to obtain measurements the first few days with the device, but 
this process only took 5 minutes after multiple uses over time a few days later, demonstrating a common pattern of how 
patients gained proficiency in device usage over time. Most patients (62%) reported prior experience with home medical 
devices, while 38% had never used another home medical device (Figure 3D). The most commonly used devices were 
blood pressure monitors, CPAP machines, or glucose monitors.

Figure 3 Training and proficiency of home tonometer (HT) device. Visualization of participant responses to survey questions related to training on device usage, proficiency, 
and experiences using other home medical equipment. (A) Responses regarding training helpfulness. (B) Responses regarding perceived proficiency after usage of HT over 
time. (C) Depiction of time to self-reported proficiency after receiving HT device. (D) Responses regarding prior experience with home medical devices.
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Discussion
Our small cohort study demonstrated that glaucoma patients were generally receptive to the use of HT in their disease 
management. Most patients found that the HT was relatively easy to use (75%), comfortable (94%) and would be happy 
to use the device in the future (94%). There is a need for more robust measurements of patient IOP data in glaucoma 
management and positive patient experiences with HT highlight its potential role in more comprehensive care. Relying 
only on clinic or hospital based IOP measurements places a burden on patients to have easy and reliable access to these 
settings, which is not feasible for certain patient demographics such as those with high travel burden to the nearest 
glaucoma care provider, those more likely to be lost to follow-up, and those with a lack of glaucoma education or 
awareness.16–19 Home tonometry can address this gap and add to the growing field of teleophthalmology, decreasing the 
frequency of in-person visits that are required by patients.20

Regarding patient device usage patterns, we found that some patients preferred to hold the device with only their 
dominant hand (56% right hand only or 6% left hand only) while others were more comfortable using both hands to hold 
the device (38%) while taking IOP measurements. Examples of barriers that prevented consistent usage of the device 
included forgetting the device when patients left their homes or inconvenience at nighttime. Despite this, we found that 
patients on average took at least 4 IOP measurements per day which is beneficial in capturing any diurnal fluctuations in 
their IOPs. From patient responses in our study, we can derive potential suggestions on HT design that could improve the 
overall patient experience. First, most patients are highly curious to learn about their IOP measurements, however, the 
device does not display IOP readings and there is no easy way for patients to access this information. The rationale 
behind this feature is to decrease unnecessary patient anxiety from IOP measurements, although few studies have directly 
shown negative impacts of patient knowledge of IOP.8 Our study highlights the potential motivating role of real-time IOP 
display for more consistent patient adherence to HT usage. If patients can readily know their IOP measurements, they 
may be more likely to also adhere to their glaucoma medication regimen. While there is not a clear solution to this design 
concern, we offer potential changes that can better balance patient and manufacturer concerns rather than full omission of 
IOP data to patients. One suggestion includes a dichotomous display of either “normal” or “abnormal” based directly 
from patient data points obtained by their HT device. If the HT can integrate patient data and analyze their diurnal 
patterns, perhaps it could compute an acceptable range of IOPs that would be considered that patient’s norm, while 
alerting them if their IOP falls outside this range. Alternatively, IOP data could be easily accessed in a mobile application 
or portal-based system that would still provide patient agency in management of their data. These small changes would 
greatly promote active patient participation in management of their disease. In fact, while our study was being conducted, 
an updated version of HT was released (iCare HOME 221) that now allows patients to directly visualize their IOP trends 
in a mobile app. Additionally, physicians can directly work with patients to set a pre-determined limit for IOP that would 
trigger Email notifications to their provider if their HT readings exceeded the limit. An additional design feature that our 
study participants wanted to improve included the sometimes-confusing beeping alerts that indicated some type of error 
when obtaining measurements. In the new version of HT, the device now possesses a digital display that accompanies the 
beeps emitted for easier interpretation with clear indications of measurement quality. One of our study participants 
commented on the brightness of the light from the HT as a source of discomfort while taking measurements, especially at 
night. The new version of HT now comes equipped with a way for users to adjust the brightness settings. A common 
source of measurement error is a misaligned device when held for use against the patient’s face. Many of our study 
participants found it difficult to get the proper alignment while holding the device, which would prompt error messages. 
The new version of HT has an alternate design for forehead and cheek placement adjusters that are slightly more angled 
than the previous version, which could improve alignment issues. While there is no clear reminder system in place to 
prompt patients to measure IOPs at home, implementing such a system would help with more accurate data collection 
and visualization of true IOP trends throughout the course of a day, which is known to fluctuate in a diurnal pattern.3–5 

We suggest that this feature could easily be integrated into the mobile app that would send alerts to patients to remember 
to take measurements at regular intervals throughout the day.

Over the course of one week, most of our participants reported proficiency in using the HT by day 3 after receiving 
training to use the device. To our knowledge, this is the first report of temporal data in patient proficiency trends using 
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HT. This supports our data on patient ease of use and is an important consideration when training patients to use the HT 
for the first time. Some patients may find that there is a learning curve to using the HT and should be reassured that 
repeated practice can lead to proficiency. Interestingly, our study highlights the critical role of in-person based training 
with a knowledgeable technician or provider, which was regarded as the most helpful part of training on HT usage. While 
printed or online resources may be available, in-person teaching will likely remain a key factor in patient success with 
using the HT. While our study did not include this form of teaching, the use of a remote video link has also been shown 
to be successful in teaching home tonometry.22 While some of our study participants had experience using other home 
medical devices (62%) such as blood pressure monitors, CPAP machines, or glucose monitors, others had never used 
another home medical device (38%).

Home tonometry is overall a positive experience for glaucoma patients with high ratings on ease of use and 
proficiency. Understanding the patient’s perspective in home tonometry is essential to increase acceptance, adherence, 
and wider integration of this technology in disease management. With a relatively fast timeline to proficiency in using the 
HT device, many patients would benefit from home tonometry for better monitoring of their chronic disease.

Study Limitations
Our study has some limitations including its small sample size and relatively homogenous patient population. 
Participants were recruited from a group of patients who had previously expressed interest in using the HT device, 
therefore our study results could be skewed towards higher acceptance or more inviting answers of using the HT device. 
While our end-of-study survey design had a 5-point Likert scale for most questions, we also solicited responses in the 
form of comments to better understand a specific rating given by a participant. Some participants were more descriptive 
and detailed in their responses, while others did not provide comments. Similarly, the journaling portion of our study had 
inconsistencies in the number of entries and descriptions. This may have limited our interpretation of patient experiences 
in using their HT devices. In-person training was provided by a set of trained technicians, which may lead to variable 
degrees of support in device training depending on the teaching style of the technician. This is a limitation as it may 
directly influence the level of proficiency or time to proficiency for our participants.
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