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Introducinge-health technology to routine
cataract care: patient perspectives

on web-based eye test for
postoperative telemonitoring
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Purpose: To explore cataract patients’ experiences with an
e-health tool for self-assessing visual function (ie, a web-based
eye test), and to formulate recommendations for its successful
adoption in routine cataract care.

Setting: Clinics in the Netherlands, Germany, and Austria.

Design: Mixed-methods study.

Methods: 22 participants were included in this study; in-depth
interviews were conducted with 12. Questionnaires and in-depth
semi-structured interviews were conducted alongside a multicenter
randomized controlled trial evaluating the validity, safety and cost-
effectiveness of remote care after cataract surgery (Cataract Online
Refraction Evaluation, a Randomized Controlled Trial). Results were
analyzed thematically.

Results: Participants reported positively about performing the
web-based eye test at home. 4 overarching themes were iden-
tified in the interviews. First, participants were inventive in

overcoming practical barriers encountered while conducting the
test. Second, participants desired a clear presentation of test
results and their meaning. Third, the ability to self-monitor visual
function was appreciated. Fourth, most participants preferred to
keep the option to contact their eyecare professional (ECP)
postoperatively, especially when experiencing symptoms. Most
would be satisfied with a phone consultation or an e-consult.
Participants reported positive experiences with the web-based
eye test. Barriers for successful adoption were identified, in-
cluding insecurity about correctly performing the test, incomplete
information on how to interpret test results, and a feeling that in-
hospital assessments were superior to remote assessments.

Conclusions: It is recommended to focus on building trust in
remote eyecare delivery and that access to the ECP be retained
when medically indicated or deemed necessary by the patient.

JCataractRefractSurg2023; 49:659–665©2023TheAuthor(s). Publishedby
Wolters Kluwer Health, Inc. on behalf of The American College of
Gastroenterology.

The interaction between healthcare providers and
patients is increasingly mediated by a variety of digital
technologies, commonly referred to as “e-health.”1

E-health technology allows remote health monitoring and
can contribute to the transition toward patient-centered care
by engaging patients in their own health and well-being.2

Several applications for self-assessing visual function
have been introduced over the past decade.3 These “web-
based eye tests” could enable patients to self-assess visual
function at home and provide themselves and their eyecare
professionals (ECPs) with measurements without visiting a

clinic. Thereby, web-based eye testing has the potential to
improve the efficiency of certain ophthalmic patient
journeys, by increasing possibilities for monitoring patients
remotely (ie, telemonitoring). The high volume of surgical
procedures and low adverse event rates make routine
cataract surgery follow-up particularly interesting. How-
ever, it might be challenging to introduce web-based eye
tests to patients with cataract, as the condition is most
commonly age-related. Many older adults face barriers to
e-health engagement, such as a lack of confidence in (or
knowledge of) using digital technology.4
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For successful adoption of e-health technology, it is
crucial to look beyond the aspects of validity, safety, and
cost-effectiveness and also take the patients’ perspective
into account, especially during the development phase.5,6

Therefore, this study aims to explore experiences of patients
with cataract with a web-based eye test and to formulate
recommendations for its successful adoption in routine
cataract surgery follow-up care.

METHODS
Thismixed-method studywas embedded in a prospective clinical trial:
Cataract Online Refraction Evaluation, a Randomized Controlled
Trial (CORE-RCT) (ClinicalTrials.gov: NCT04809402). The study
was performed in accordance with the Declaration of Helsinki and
approved by the METC Utrecht, the Netherlands (NL74625.041.21);
the Ethikkommission der Stadt Wien, Austria (EK 20-334-0121); and
the Ethikkommission Saarbrücken, Germany (Ha 44/18). Written
informed consent was obtained from all participants.
Cataract patients without ocular comorbidities, with planned

bilateral surgery either immediate or delayed sequential, were
invited to participate. Patients were eligible when meeting tech-
nical requirements before enrollment, meaning that they should
be able to access the studied web-based eye test at home using their
own devices without preceding extensive (on-site) training. After
enrollment in the CORE-RCT, participants were randomized into
either a “usual care” or “telemonitoring” group. This mixed-
methods study specifically focuses on the latter. These tele-
monitoring participants performed the web-based eye test at 4
specific timepoints: preoperatively, within 1 week postoperatively,
approximately 1 month postoperatively, and 3 months post-
operatively. A hospital visit was planned at approximately
1 month postoperatively for the purpose of validating the web-
based eye examination outcomes. After the last web-based eye test,
participants were asked about their experiences in questionnaires
and interviews. In this study, all questionnaire respondents be-
tween April 19, 2021 (the trial start date), and November 1, 2022,
were included. In addition, semistructured in-depth interviews
were conducted with Dutch-speaking participants only.

Web-Based Eye Test
The studied test has been developed by Easee BV. It allows users to
self-assess visual acuity or refractive error using their own elec-
tronic devices (a computer or tablet and a smartphone). In this
trial, a hyperlink to access the test was sent through email. Al-
though the web-based test can be performed independently, it was
recommended to perform it with assistance from a relative, if
possible.
The web-based test consists of 3 phases: setup, vision assess-

ment, and results. Audio and written instructions guide users
through the test. Figure 1 depicts an overview of the different
phases. Preoperatively, patients wore their current spectacles (if
applicable) while performing the test, assessing corrected distance
visual acuity. Postoperatively, the test was performed without
correction, assessing uncorrected visual acuity (distance and near)
and refractive error.

Data Collection and Analysis
Questionnaires The questionnaire used in this study is based on
the theoretical technology acceptance model, a commonly used
model to evaluate and incorporate user experience in the de-
velopment process of technology.7–9 Since its introduction,
multiple research teams have extended this model, including to
make it applicable to healthcare settings.5,10,11 These models
formed the reference framework for adoption into a question-
naire specific for web-based eye testing.12 The full study ques-
tionnaire is presented Supplemental Table 1 (available at http://
links.lww.com/JRS/A855).

Interviews To deepen the quantitative results, qualitative in-
sights were gathered using the Consolidated Criteria for Reporting
Qualitative studies.13 Semistructured interviews took place by
phone (n = 9) or by video call (n = 3), as preferred by the par-
ticipant. J.L.J.C. and E.P.E.M., both medical doctors with expe-
rience in (qualitative) research, conducted the interviews. The
interview topic list was based on preliminary questionnaire results.
Interviews were conducted until saturation was reached, meaning
that new insights were no longer gained. Interview transcripts
were imported into NVivo (release 1.5.1) and analyzed themat-
ically. The initial coding scheme was based on the topic list and
extended by additional themes emerging from transcript analyses.

RESULTS
Participant Characteristics
A total of 22 participants were included. In-depth inter-
views were conducted with 12 of them. The demographics
and clinical characteristics are summarized in Table 1.

Quantitative Analysis
Figure 2 depicts responses to a relevant subset of the
questionnaire. The full questionnaire outcomes are pre-
sented in Supplemental Table 1 (available at http://link-
s.lww.com/JRS/A855).
An overall positive attitude toward the web-based eye

examination was identified. The majority was willing to use
e-health services like the web-based eye examination in the
future (mean 4.1/5.0) and considered the web-based eye test
useful for self-monitoring visual function (3.9/5.0). The
web-based eye examination was reported to be easy to use
(3.8/5.0); participants felt adequately capable of using their
own electronic devices for e-health services (4.3/5.0);
and most participants stated that they would be able
to complete the eye test independently, without assis-
tance (3.7/5.0). The web-based eye test was considered
trustworthy by almost all participants (4.3/5.0), and
participants trust their physician’s judgment on the use
of the web-based eye test (4.3/5.0).

Qualitative Analysis
Participants reported positively about performing the web-
based eye test. In general, instructions were considered clear
and participants were adequately capable to perform the
web-based test. One participant explicitly stated that the
test was “way too difficult, for older aged adults.”
All participants were first-time users of the web-based

eye examination and many stated that, initially, the setup in
their home environment felt odd, although their familiarity
with the testing environment and the tool itself increased
over time. The majority executed the test independently;
some (n = 3) were assisted by a relative, especially for
controlling the smartphone during the vision assessment.
Four overarching themes were identified in the data.

Relevant quotes are given in Table 2.
Theme 1: Inventiveness toOvercomePractical Barriers While

quantitative results indicated that participants had no dif-
ficulty in conducting the test, the interviews revealed that
participants did experience some challenges while doing
so. Notably, participants were inventive in overcoming
these challenges, and their general user experience was not
negatively affected. The main challenge reported was
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controlling the smartphone during the vision assessment,
as the postoperative test is performed without spectacles
and most of the participants require reading spectacles
for near work activities because their postoperative target
refraction was emmetropia. In addition, some mentioned
that they were not used to controlling their smartphone with
one hand while also holding it (the other hand was covering
their eye). Some overcame this by asking a relative to control
the smartphone. Others, despite having a relative around,
took other steps to complete the test independently. These
included increasing the distance between their eyes and
smartphone by stretching out their arm or placing their
smartphone on a table and using a pencil-eraser to control
the touchscreen. Others increased the smartphone’s font
size or intermittently put on reading spectacles during the
assessment.
Theme 2: Interpretation of Web-Based Test Results At the

end of the test, the visual acuity scores were presented in
Snellen decimal. Participants’ interpretation of these
presented test results varied greatly. Some paid little at-
tention to the result page or reported that they did not
know how to interpret the scores. Other participants
actively engaged with the presented scores by comparing
them to previous web-based or in-hospital visual acuity
scores and actively drew conclusions (eg, that their eye
sight has improved). Regardless of these different inter-
pretations, all participants expressed the desire of being
presented a result at the end of the test. Presenting only a
numerical score without additional information was

confusing to some. They stressed the need for additional
information on how to interpret test results (eg, “Is the
score good/bad?”) and whether follow-up actions are
required, information that was currently considered in-
complete (quote 1, Table 2).
Although the quantitative results indicated that most

participants “trust” the web-based test, many reported that
their opinion on the test’s trustworthiness turned positive
only after having seen that the results were fairly similar to
in-hospital findings. Participants were explicitly asked if
they would trust the web-based test to the same extent,
without confirmation of results during an in-hospital
consultation. All answered that they consider a conven-
tional in-hospital assessment more trustworthy. Reasons
for being hesitant to trust the web-based test revolve around
being insecure about correctly performing the test. This was
partly because of the absence of feedback on their per-
formance and the inability to ask questions to get this
feedback. In addition, participants questioned whether
their personal devices were sufficient for the web-based test
and mentioned an unfamiliarity with home-based testing in
general (quote 2, Table 2).
All participants stated that, one way or another, the web-

based test results require confirmation. Most considered
the test trustworthy for future use after a single confir-
mation of the result, potentially negating the desire for
additional in-hospital follow-up. The majority desired
confirmation by an ECP during an in-hospital consultation.
Others believed it would be sufficient to receive

Figure 1. Overview of the 3 dif-
ferent phases of the studied web-
based eye test.

661PATIENT PERSPECTIVES ON WEB-BASED EYE TESTING

Volume 49 Issue 7 July 2023



computerized textual feedback on their performance or
human feedback from an ECP remotely (eg, by phone).

Theme 3: Value for Self-Monitoring Participants who
actively engaged with the test results mostly appreciated
having access to these themselves. Some reported that
“active” self-testing resulted in greater insights into their
visual improvement, as compared with “passively” being
assessed at the hospital. When desired, participants
could—and regularly did—repeat the web-based eye test
to monitor visual function over time. Some expressed an
intention to use the tool again in the future when sus-
pecting a visual deterioration (quote 3, Table 2). One
participant remarked that being given the tools for self-
monitoring in follow-up care is a sign of “being taken

seriously” and that the patient’s input is valued (quote 4,
Table 2).
Participants were positive about being able to perform

the web-based test at moments suitable to them. It was
mentioned that self-testing saves time and efforts related to
clinic visits and that this could be beneficial for patients
with limited mobility. Yet, this study population did not
consider visiting the hospital as an evident barrier.

Theme 4: Need for Human Interaction The opinions on
interaction between patients and ECPs in remote cataract
surgery follow-up varied. Most of the participants wished to
maintain the option to contact their ECP, mainly to discuss
questions or postoperative symptoms. It was suggested to
incorporate functionality in the web-based test for

Table 1. Demographics and clinical characteristics

Parameters All participants (n = 22) Interviewees (n = 12)

Age (y), mean (SD) 70 (7) 71 (6)

Sex (M), n (%) 14 (64) 6 (50)

Country, n

The Netherlands 12 12

Germany 3 0

Austria 7 0

Best corrected VA score assessed at the clinic (logMAR), mean (SD)

Preop (right eye) 0.27 (0.19) 0.29 (0.22)

Postop (right eye) �0.03 (0.09) �0.04 (0.08)

Preop (left eye) 0.25 (0.20) 0.35 (0.23)

Postop (left eye) �0.05 (0.11) �0.03 (0.12)

Postop target refraction, n (%)a

Emmetropia 18 (82) 8 (67)

Myopia (�2.00 D) 4 (18) 4 (33)

Vision-related quality of life score (scale 0-100), mean (SD)b

Preop 76 (12) 76 (15)

Postop 91 (5) 94 (4)

General health condition: self-rated health score at baseline (scale: 0%-100%), mean (SD)c 84 (17) 80 (22)

Self-reported travel distance between home and eye clinic in km, mean (SD) 11 (7) 9 (5)

Assisted by a relative while conducting the web-based test, n (%) 6 (27) 3 (25)

Device used for web-based test, n (%)

Desktop computer 10 (46) 4 (33)

Laptop 10 (46) 7 (58)

Tablet 2 (9) 1 (8)

aPostoperative target refraction was similar for both eyes
bBased on National Eye Institute Visual Functioning Questionnaire-2514
cBased on the EuroQol 5 dimensions questionnaire 5 level version visual analog scale at baseline15

Figure 2. Selection of question-
naire results.
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reporting symptoms. Most would be satisfied with a phone
consultation or an e-consult (eg, through email/chat) while
others explicitly appreciate an in-hospital consultation.
Some mentioned that they would not require human in-
teraction if web-based test results were good and symptoms
or questions absent.
Some participants mentioned that they value in-hospital

consultations for being more comprehensive than web-
based eye testing, as these consultations usually include
slitlamp examinations in addition to the vision assessment.
Furthermore, other examinations, such as “scans”, could
be performed easily when at the clinic. Notably, it was not
always clear to participants what in-hospital examinations
were performed exactly, yet they valued being examined
by an ECP, even in the absence of symptoms (quote 5,
Table 2).
Apart from medical reasons, some participants appre-

ciated human interaction for its social dimension, namely
for expressing gratitude to the surgeon or sharing expe-
riences regarding the surgery and recovery period. It was
specifically mentioned by some that this may be a char-
acteristic of their generation, being of older age and not
particularly familiar with digital communication in general.

DISCUSSION
This study analyzed patients’ experiences with a web-
based test for self-assessing visual function after cata-
ract surgery. Overall, participants reported positively
about the test. Instructions were considered clear, and
although some practical challenges were encountered
while performing the test, participants were inventive in
overcoming these and their overall user experience was
not negatively affected. Almost all participants were
willing to use the test again in the future. Although
participants reported being adequately capable of per-
forming the test, several barriers for successful adoption
were identified in the interviews. We argue that focusing
on these barriers in further improvements of the test
facilitates its adoption in cataract care.

The first barrier was insecurity about performing the
web-based test correctly. Participants missed feedback on
their performance. Furthermore, some questioned whether
their own devices were sufficient. This is in line with a study
among 46 million senior Americans, which identified that
many lacked confidence to use electronic devices for online
activities.14 We expect that this insecurity will fade away
over time, as usage of internet services is growing rapidly.15

Future patients with cataract will generally be more familiar
with technology.
Interestingly, all participants desired a confirmation of

the test results, including those who were confident about
performing the test correctly. This suggests that the need
for confirmation of the test results is not solely dependent
on a (generation-specific) unfamiliarity with technology.
We acknowledge that patients desiring an in-hospital
confirmation after every remote self-assessment would
jeopardize the justification of investments in remote eye-
care. Interestingly, most participants reported that a single
confirmation of the test result was sufficient for trusting the
test in future attempts. We suppose that granting patients
access to the technology preoperatively could allow them
(and the ECPs) to assess their ability to use this test and
concurrently allows for a confirmation of the result, re-
assuring them to trust the test in the future.
A second barrier was the inability to interpret web-based

test results. Solely reporting a numerical score, without any
further information regarding its meaning or additional
steps to be taken, was confusing to some participants. In the
absence of an ECP, participants expressed a wish to be well-
informed about their eye status after completing the test
and which follow-up actions are required (eg, contacting
the clinic). This indicates that patients are motivated to
actively participate in follow-up care. By providing patients
the opportunity to do so, the web-based eye test recognizes
the central role of patients as informed and engaged
partners in decisions affecting their own health. This
contributes to promoting patient-centered care, a key el-
ement and goal for healthcare in the 21st century.2,16

Table 2. Quotes illustrating interviewee perspectives

Theme Quotea

Interpretation of web-based test results Q1: Yes, so the number 0.25 is presented tome, and it leavesme thinking: “What am I supposed to dowith that?

What does it mean?”—73-year-old male

Q2: The instructions were all clear and easy to follow. But trusting myself in terms of thinking: “I am doing this

right,” that’s not there yet. It may, however, be possible… but I might be a bit old-fashioned, due to my age. I

can image that younger people trust this practice more easily—78-year-old male

Value for self-monitoring Q3: You can print the test results and self-monitor the improvement. I thought that was very interesting. I must

admit that I even performed the test one extra time, in between the requested testing. (…) I must also admit

that I had my wife perform the test as well, to get an impression of her visual function—57-year-old male

Q4: By explaining what’s going to happen and explicating what it means, the test result… the patient says “I am being

taken seriously. I execute the test, a result follows, and I also understand what it means.”—73-year-old male

Need for human interaction Q5: During the hospital visit, they (ie, the eyecare professionals) do not only assess the visual function. They also

look behind the eyes. Maybe they are checking if the lens has been correctly implemented, I don’t know—71-

year-old female

aQuotes have been translated from Dutch to English
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Third, some participants expressed the feeling that in-
hospital assessments are superior to web-based home-
assessments, as more comprehensive examinations can
be performed if needed. This line of thought was also
captured in a recent study among non-ophthalmic patients,
evaluating patients’ attitudes toward telephone consulta-
tions during the COVID-19 pandemic. In this study, most
patients were worried about the accuracy of their health
assessment in the absence of physical examinations and
nonverbal communication.17 It suggests a general feeling
that quality of care is reduced when delivered remotely.
However, examples are available where remote care seems
to be a feasible and safe alternative to in-hospital assess-
ments.18,19 In addition, in the context of cataract surgery
follow-up, the value of a comprehensive ophthalmic ex-
amination after uneventful surgery is debatable when pa-
tients do not experience symptoms, as shown by a large
comparative cohort study on cataract follow-up in Fin-
land.20 According to the Dutch national cataract surgery
guidelines, clinically relevant outcomes indicative of sur-
gical success are the improvement of visual acuity and
visual function preoperatively.21 These outcomes can be
assessed remotely with the studied web-based eye test,
complemented with patient-reported outcomes question-
naires focusing on vision-related daily life activities (such as
the Catquest-9SF).22

Even when the aforementioned barriers are adequately
overcome, it should be noted that human interaction
remains important. Patients wish to communicate with
their ECP to discuss symptoms or ask questions. For some,
the social dimension is a fundamental part of (follow-up)
care.
Based on the included experiences of patients with

cataract with the web-based eye test, we formulated the
following recommendations to advance its successful
adoption in routine cataract surgery follow-up care: (1)
New versions of the web-based test should address the
patients’ need for feedback during the test, for example, by
providing artificial intelligence–guided live feedback
during the vision assessment. Furthermore, the result page
should include more information on how to interpret test
results and which additional actions are required. (2) The
web-based eye test should be introduced to patients
preoperatively, for example by providing a brief in-
struction guide requesting patients to access and perform
the test before the preoperative consultation. This allows
confirmation of the web-based test result during this
consultation, thereby both assisting ECPs to assess pa-
tients’ eligibility and creating patients’ trust regarding the
test result. Furthermore, “practicing” the web-based test
preoperatively fosters the patients’ capacity to perform the
assessment postoperatively. (3) Costly and time-
consuming training of patients should be avoided. Pa-
tients who are unable to complete the web-based eye test
after brief instructions, or who do not have a relative who
can assist them in achieving this, should not be considered
eligible. The web-based eye test is designed to be intuitive
and self-explanatory, and those with basic digital skills

should be able to complete the test at home without
training. (4) At the preoperative consultation, ECPs
should invite patients to contact them postoperatively
when experiencing alarm symptoms. (5) A safety guard
should be implemented to ensure that patients with these
symptoms are adequately identified and contacted by their
ECP, in the case they do not reach out themselves. This
could take the form of a self-reported triage questionnaire,
as an addition to the web-based vision assessment, linked
to an automated warning system. (6) Naturally, the option
for conventional, in-hospital follow-up should remain
open to those who are not willing or able to perform the
web-based test at home.
The mixed-methods approach allowed for a deeper

understanding of patients’ experiences with the web-based
eye test, as insights gained during the in-depth interviews
were supplementary to the quantitative questionnaire
results. Interviews were conducted until data saturation
was reached, meaning that no longer new insights were
gained. This is the most commonly used concept for
determining sample sizes in qualitative research.23,24

Sample sizes in qualitative studies, like this study, are
commonly smaller than that in clinical studies based on
quantitative research.
Interestingly, barriers identified in this study relate to

more general themes revolving around remote care, such as
the unfamiliarity with technology and the altered human
interaction. Therefore, a strength of this study is that these
insights will add to the academic and societal debate on how
e-health technology should meet the healthcare needs of
older adults.
It is important to note that only patients who were willing

and able to use the web-based eye test were included.
Participants with an innate sense of curiosity and general
interest in technology are known to be more likely to
engage with e-health.4 There is a group of patients whose
low digital literacy may restrict them from using this web-
based test. Notwithstanding, in this emerging field, the
feedback of early technology adopters is most valuable to
improve the web-based eye test and increase the access to
remote eyecare delivery.
In this research setting, all participants had an in-hospital

examination to validate the web-based test. Future research
could investigate the web-based eye test without a parallel
offering in-hospital consultation. It is important to realize
that this setting means that ECPs will have to rely on the
patients’ own measurements. Self-testing technology shifts
tasks and responsibilities to patients.25 For some, this
additional burden may be stressful.26 Notwithstanding, this
new practice will also have implications for the ECPs. It
would be interesting to explore their perspectives on web-
based eye testing.
This study evaluated patients’ experiences with a web-

based test for self-assessing visual function after cataract
surgery. Overall, patients reported positively about their
experience with the test. Barriers for adoption were iden-
tified. To further promote successful adoption of the web-
based eye test in cataract surgery follow-up care,
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recommendations were formulated. These focus on
building trust in remote eyecare delivery and acknowl-
edging the need to retain access to the ECP when medically
indicated or deemed necessary by the patient.

WHAT WAS KNOWN
� Web-based eye tests enable patients to self-assess their
visual function at home, thereby increasing possibilities for
remote monitoring. This could potentially improve the effi-
ciency of routine cataract patient journeys.

� Cataract is often age-related, and as older adults face bar-
riers to e-health engagement, it might be challenging to in-
troduce technology like this to this patient population.

� For successful adoption of this web-based test in routine
cataract care, it is crucial to take the patients’ perspective into
account. Experiences of these early adopters can guide the
improvement of the web-based test.

WHAT THIS PAPER ADDS
� Participants reported positive experiences with performing a
web-based test to self-assess visual function after cataract
surgery.

� Barriers for successful adoption of this web-based eye test
were identified, including insecurity about correctly per-
forming the test, incomplete information on how to interpret
test results, and a feeling that in-hospital assessments are
superior to remote assessments.

� For successful adoption of this web-based test in cataract
surgery follow-up, it is important to focus on building trust in
remote eyecare delivery and acknowledge the need to retain
access to the eyecare professional when medically indicated
or deemed necessary by the patient.
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