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ABSTRACT

Introduction Artificial intelligence (Al) development has
led to improvements in many areas of medicine. Canada
has workforce pressures in delivering cataract care. A
potential solution is using Al technology that can automate
care delivery, increase effectiveness and decrease
burdens placed on patients and the healthcare system.
This study assesses the use of ‘Dora’, an example of an Al
assistant that is able to deliver a regulated autonomous,
voice-based, natural-language consultation with patients
over the telephone. Dora is used in routine practice

in the UK, but this study seeks to assess the safety,
usability, acceptability and cost-effectiveness of using the
technology in Canada.

Methods and analysis This is a two-phase prospective
single-centred trial. An expected 250 patients will be
recruited for each phase of the study. For Phase | of the
study, Dora will phone patients at postoperative week

1 and for Phase Il of the study, Dora will phone patients
within 24hours of their cataract surgery and again at
postoperative week 1. We will evaluate the agreement
between Dora and a supervising clinician regarding the
need for further review based on the patients’ symptoms.
A random sample of patients will undergo the System
Usability Scale followed by an extended semi-structured
interview. The primary outcome of agreement between
Dora and the supervisor will be assessed using the

kappa statistic. Qualitative data from the interviews will
further gauge patient opinions about Dora’s usability,
appropriateness and level of satisfaction.

Ethics and dissemination Research Ethics Board
William Osler Health System (ID: 22—0044) has approved
this study and will be conducted by guidelines of
Declaration of Helsinki. Master-linking sheet will contain
the patient chart identification (ID), full name, date of birth
and study ID. Results will be shared through peer-reviewed
journals and presentations at conferences.

INTRODUCTION

Cataract is defined as the degradation of
the optical quality of the crystalline lens that
affects vision and is the current leading cause
of blindness worldwide. Age is a major factor
in the development of cataracts, which can
affect one or both eyes.” According to the

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Cataracts are a major cause of blindness global-
ly, and artificial intelligence (Al), notably Dora, has
shown promise in the UK for post-surgery manage-
ment, addressing the need for innovative healthcare
approaches.

WHAT THIS STUDY ADDS

= This study evaluates the use of Dora in Toronto,
Canada, for post-cataract surgery care, assessing
its safety, acceptability, usability, cost-effectiveness
and environmental impact.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings could lead to wider adoption of Al in
healthcare, influencing research, practice and policy
by demonstrating the benefits of Al in postoperative
care and patient management.

2009 Cost of Vision Loss Report, cataracts
were one of the top causes of blindness in
Canada, affecting almost 3.5 million individ-
uals.” However, since 2006, the number of
surgeries performed yearly has declined, and
wait times have soared in Ontario, Canada.*®
The reason for this declining trend after 2006
is likely multifactorial, including increasing
cataract prevalence, restricted operational
resources and a 5.9% decline in the number
of cataract surgeons per 100000 total popula-
tion.” There is a pressing need for strategies
to support the workforce crisis in delivering
high-volume, low complexity pathways such
as cataract surgery.

The development of artificial intelli-
gence (Al) has led to improvements in
many areas of medicine.” In ophthalmology,
Al has shown promising results in the
detection and screening of retinopathy of
prematurity, age-related macular degenera-
tion, glaucoma and diabetic retinopathy.” "'
Similar to most surgeries, cataract surgery
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involves postoperative monitoring for complications and
to evaluate success. This visit has traditionally been carried
out as an in-person visit. Al is set to revolutionise post-
cataract surgery management by enhancing automation,
increasing effectiveness and decreasing burdens placed
on patients and the healthcare system.” Ultimately, using

Al-enabled automation could enhance patient manage-

ment during and post-cataract surgery.

Dora is a regulated autonomous, voice-based, natural-
language clinical assistant designed in the UK. It can
have a consultation with patients over the telephone
in a similar way to a human clinician by incorporating
speech transcription, natural language understanding
and a machine learning conversation model to allow
contextual dialogues, speech production and natural
conversation.'”” The technology does not require the
installation of an application, the provision of a device,
or any training. This is relevant since elderly people and
people from low-income families are more likely to be
digitally excluded."

Dora is used in the cataract pathway in the UK, and
in a recent study, Khavandi et al found that the majority
of patients regarded the Al-telephone follow-up after
cataract surgery as very simple, easy to use and they
appreciated the convenience.'” The patients also noted
that an automated telephone follow-up might greatly
lower the number of clinical appointments required
to provide postoperative care because it would be less
time-consuming than a clinician and would also free up
clinicians’ time for other clinical tasks.'?

This study is designed to further evaluate the impact of
automating cataract follow-up using Dora, in a different
Canadian healthcare setting. Technical readiness level
of five meaning that technological components are
currently being integrated for testing in relevant environ-
ments.'”'* The Developmental and Exploratory Clinical
Investigations of DEcision support systems driven by Arti-
ficial Intelligence reporting guideline was followed in
creation of this protocol.'”

The objectives of this study are to describe:

1. Clinical safety of using Dora in the cataract pathway
using Kappa statistic of the interobserver decision re-
liability and retrospective review of clinical notes to
establish whether the patient attended the clinic with
further concerns after their Dora call.

2. Patient acceptability of Dora using Net Promoter
Score (NPS) to determine on a scale of 1-10 the like-
lihood of them recommending Dora to a friend or
colleague.

3. Usability and accessibility of the technology for pa-
tients using the scores from the System Usability Ques-
tionnaire (SUS).

4. Cost-effectiveness of using Dora compared with stan-
dard practice by comparing the cost of the Dora sys-
tem to the clinic specific costs.

5. Impact on sustainability through use of the automated
telephone follow-up by calculating travel distance and
mode of transportation for each patient.

METHODS AND ANALYSIS
Study design
This study is a two-phase prospective single-centred trial.
For Phase I of the study, Dora will phone patients at post-
operative week 1 prior to their scheduled in-person visit
and for Phase II of the study, Dora will phone patients
on the day of cataract surgery within 24 hours following
discharge home. Patients will continue to attend the stan-
dard week 1 in-person assessment during this study. On
the day of their cataract surgery, patients will receive a
printed sheet with contact details for emergency services,
available both during and outside work hours, for imme-
diate assistance. In Phase I, an ophthalmic technician
will phone patients 24 hours after surgery to provide
instructions on signs to watch for and how to access emer-
gency care before the week 1 postoperative assessment.
In Phase II, Dora will relay this information instead of
the ophthalmic technician. In Phase I, patients who do
not answer the Dora call will continue to attend their
in-person postoperative week 1 visits. For Phase II, if
patients miss their initial Dora call, an ophthalmic techni-
cian will contact them within 24 hours after their cataract
surgery. If patients miss their in-person appointments,
they will be contacted to reschedule. The key elements of
the conversation with Dora are described below:
» Greeting and introduction.

Confirmation of identity of patient.

Validated cataract follow-up questions.

Opportunity for patient to ask Dora questions

Decision regarding next steps of care.

Questions about acceptability (NPS).

Closure of call.

Every Dora call audio and transcript will be reviewed
by an expert clinician. They will make an assessment
on the significance of each individual symptom and on
the overall call decision. The clinician will be blinded to
Dora’s symptom assessments. The outcomes from a Dora
call are defined as shown in table 1.

Dora calls made on the day of surgery will evaluate if
the patient has any acute postoperative concerns like pain
and will prompt a postoperative day 1 visit if necessary. A
clinician will listen to the Dora call after it is completed

vVvVvyVyYVYyYy

Table 1
Dora call outcome Detail

Outcomes from Dora call

No clinical Patient does not need further clinician

concerns led assessment and can move to the

identified next step of the clinical pathway.

Potential clinical Patient needs further clinician led

concerns assessment to decide on next steps of
pathway.

Incomplete The Dora call was incomplete and

further clinician assessment is required
in order to decide on next steps of the
pathway.
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and they can either call the patient back if further infor-
mation is required, arrange an additional in-person visit,
or confirm that the patient can move onto the next stage
of their pathway.

All patients will be seen at the planned postoperative
week 1 (POWI) visit the day after their call with Dora at
week 1. Details on clinical and examination findings will
be recorded at this visit.

Patients will fill out a standardised paper questionnaire
at their week 1 in-person visit to assess the system’s useful-
ness and acceptance, cost-effectiveness and sustainability.
Within 3 weeks of the Dora call, another researcher-led
call will be made to further assess the system’s useful-
ness and acceptance and produce thematic analysis
regarding usability, appropriateness and satisfaction
of Dora. The follow-up interview questions are consis-
tent with current validated questionnaires of SUS and
Theoretical Framework of Acceptability (TFA).'®'” This
interview will also assess whether there have been any
changes to the patient’s medical condition after the Dora
call was completed. Patients will be grouped based on
their ethnicity as self-reported on their medical chart
and from each group a randomly selected population
will be interviewed to better understand their experi-
ence with Dora. One-to-one interviews will be conducted
using a semi-structured interview guide and an inductive
thematic analysis approach will be undertaken to analyse
the data. Individuals who do not have ethnicity reported
on their medical chart will be pooled into one group and
a random sample will be selected from that group as well.
Study flow is presented in figure 1.

Sample selection

Patients undergoing routine cataract surgery at Uptown
Eye Specialists Surgical Centre, Vaughan, Ontario,
Canada will be asked to participate in the study. Uptown
Eye Specialists is a surgical centre which houses ophthal-
mologists that are affiliated with various greater Toronto
area hospitals. The study will include 250 patients who
are undergoing routine unilateral and/or bilateral cata-
ract surgery either for their first, second eye or both.
Exclusion criteria include patients identified as having
intraocular conditions leading to complicated cataract
surgery such as inflammatory conditions and glaucoma

that require more than the standard postoperative treat-
ment or follow-up,”® or patients requiring intraocular
lens exchange or readjustment surgery.

Intervention

This study will use Dora (Ufonia Limited), a UK Confor-
mity Assessed (UKCA)-marked clinical conversational
assistant that uses speech recognition and natural
language processing to have natural, voice conversations
with patients over the phone.

Dora will call patients at two time points after their
cataract surgery. For Phase I of the study, Dora will phone
patients at POWI and for Phase II of the study, Dora will
phone patients on the day of cataract surgery (within 24
hours following discharge home).

Proportion and baseline characteristics of patients
who agreed to participate and if provided, the reasons
for declining to participate will be recorded. During the
in-person week 1 visit which is after the Dora call, all
participants will be asked to fill out a standardised paper
questionnaire to assess satisfaction, usefulness, cost-
effectiveness and sustainability of the system with the SUS
consisting of 10 statements as well as additional demo-
graphic questions related to patients’ spoken language
and burdens of travel.'® A random selection of patients
will undergo additional semi-structured interviews to
further assess the system’s appropriateness and satisfac-
tion. The semi-structured free form interview with the
participant will take between 15 and 30min. The inter-
view was developed based on the TFA, which was created
to provide a framework for assessing the multiple facets of
acceptability of health interventions. The TFA has seven
components: (1) affective attitude, (2) burden, (3) ethi-
cality, (4) intervention coherence, (5) opportunity costs,
(6) perceived effectiveness, and (7) self-efﬁcacy.]7 An
outline structure of the interview is presented in online
supplemental appendix A.

Sample size calculation

The study will include 250 patients who are undergoing
uncomplicated unilateral and/or bilateral cataract
surgery either for their first, second eye or both. This
sample size was calculated drawing on previous studies
on Dora as well as consultation with biostatistician from

Patient Dora O Dora POW1 Dora P?w1 standard 5% qf patient§ sele;ted
consented - call > = — ace-to-face = for |n-dgpth interview
(randomised sampling)
Call
reviewed by
QT
' All Patients to
Day 1F2F complete
review if satisfaction
necessary questionnaire
Figure 1 Study flow diagram. F2F, face-to-face, OT, ophthalmic technician, POW1, postoperative week 1.
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Table 2 Outcome evaluation framework for Dora

Outcome How this will be measured Data analysis plan
Primary Clinical safety: Kappa statistic of the interobserver
outcomes Agreement between Dora and the clinician listening to the Dora call ~ decision reliability.

on overall decision and symptom assessments.
Patient acceptability:

Every patient will be asked for a Net Promoter Score (NPS) on their

Dora call

Calculated NPS and descriptive
statistics.?°

‘On a scale of 1 to 10, how likely are you to recommend this

automated service to a friend or colleague’.

Secondary Clinical safety: Retrospective review of clinical notes to establish
whether the patient attended the clinic with further concerns after

outcomes
their Dora call.

Usability, appropriateness and satisfaction: Standardised paper
questionnaire consisting of the System Usability Scale (SUS) for all

Descriptive statistics based on
retrospective review of clinical notes.

SUS score will be calculated using the
method provided.'® Transcription of the

participants and a semi-structured interview from a randomly selected interview and free form discussion will be
group of participants consisting of relevant sections of the Theoretical used for stepwise thematic analysis. One-

Framework of Acceptability and a free form discussion."” Outline for
calls can be found in online supplemental appendix A .

Cost-effectiveness: Comparing the cost of the Dora system to the
clinic specific costs (resources used and potential staff-hours) and
patient specific costs (travel and time needed to be taken off from

work).

Sustainability: Patient’s postal code will be collected in order to

to-one interviews will be conducted using
a semi-structured interview guide and an
inductive thematic analysis approach will
be undertaken to analyse the data.?’ %>

Descriptive statistics comparing per
patient cost of in-person visit versus per
patient cost of the system.

Calculation of distance travelled into

calculate travel distance and mode of transport into hospital asked on hospital using Google distance travelled.

the questionnaire.

the institution of study."* Estimated sample size of 250 to
provide statistically significant outcome took into consid-
eration the expected Kappa of 0.80 that shows a strong
level of agreement between Dora’s decision and clini-
cian’s grading.'’ With the precision set at 0.1, allowing for
a range in agreement from 0.70 (denoting a moderate
level of agreement) to 0.90 (indicating a strong level of
agreement). The assumption that 25% of patients would
require additional in-person follow-ups was based on a
review of 200 patients who had previously undergone
cataract surgery at the Uptown Eye Specialists Surgical
Centre. Additionally, we evaluate Dora’s specificity, which
underscores Dora’s ability to accurately approve patients
compared with the supervisor’s judgement and Dora’s
sensitivity, which emphasizes Dora’s accuracy in identi-
fying patients who did not meet the criteria as per the
supervisor’s decision.

What outcomes will be measured, when and how and data
analysis plan

Analysis of study outcomes has not begun yet. We will be
using mean and SD for parametric data and median and
IQR for non-parametric data. The details of the outcomes
and planned data analysis plan can be found in table 2.

Patient and public involvement
Patients were included in the design of this study and will
be included in the analysis.

ETHICS AND DISSEMINATION

This study has been approved by the Research Ethics
Board William Osler Health System (ID: 22-0044) and will
be conducted in line with the guiding principles detailed
in the Declaration of Helsinki. Informed consent will be
obtained by study personnel at the time of booking of
surgery. Master-linking sheet will contain a patient chart ID,
full name, date of birth and study ID. This will be kept sepa-
rate on a computer which is password protected and locked
in an office. Chart ID and full name will be listed in the
master-linking sheet only. Anonymised date of birth and
gender will be collected for data analysis. Patients under-
going cataract surgery will be given information about the
study and informed consent will be obtained. Surgical coun-
sellors who are booking the patient for cataract surgery will
review patient eligibility, give information about the study
and obtain informed consent if eligibility criteria are met.
We intend to share the results of both phases of the study
through peerreviewed journals, conference presentations
and internal meetings. The research team will retain study
records, patient files and other source data at least 7 years
after the completion of the study.

The findings of the project will be summarised for a
general audience, in accessible formats including written,
audio and video formats. This will include local and
national patient representative groups as well as informa-
tion shared to patients on the cataract pathway.
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1 Appendix A. Extended interview questions
2 Topic Guide for Semi-Structured Interviews
3 The topic guide was developed based on the Theoretical Framework of Acceptability (TFA),
4 which was created to provide a framework for assessing the multiple facets of acceptability of
5  health interventions. The TFA has seven components: “1) affective attitude, 2) burden, 3)
6 ethicality, 4) intervention coherence, 5) opportunity costs, 6) perceived effectiveness, and 7) self-
7 efficacy”.
8
9
10 Interview questions
11 * Before the call
12 1. What did you expect the experience of talking to Dora to be like before you received
13 the call?
14 2. How did you feel about talking to Dora before you received the call?
15 3. What, if any, concerns did you have before you received the call?
16 4. How well did you understand Dora before you received the call?
17 5. What benefits or losses did you think you would experience when you received the
18 call?
19 6. How successful did you think Dora would be at delivering the follow-up before you
20 had the call?
21 7. How confident were you that you would be able to interact with Dora before you
22 received the call?
23 * During the call
24 1. How did you feel about your experience interacting with Dora?
25 2. How much effort did interacting with Dora take?
26 3. What concerns, if any, did you have while talking with Dora?
27 4. How well did you understand how the call worked while you were talking to Dora?
28 5. What benefits or losses did you experience while you were talking to Dora?
29 6. How much confidence did you have in Dora's ability to perform the follow-up
30 assessment while you were talking to Dora?
31 7. How comfortable and confident were you in your ability to interact with Dora while
32 you were on the phone?
33 * After the call
34 8. Looking back on the experience now, how do you feel about using Dora to perform
35  follow-up appointments?
36 9. Looking back on the experience now, how much effort did interacting with Dora take?
37 10. Looking back on the experience now, what concerns, if any, do you have about Dora?
38 11.  Looking back on the experience now, how well do you understand how Dora worked?
39 12.  Looking back on the experience now, what do you think you gained or lost by having
40  your follow-up assessment with Dora?
41 13.  Looking back on the experience now, how well do you think Dora performed at
42 conducting your follow-up assessment?
43  14.  Looking back on the experience now, how confident would you be having another
44  interaction with Dora?
45  * General feedback
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46 15.  What would you suggest to make the experience of using Dora better?

47 16.  How willing would you be to use Dora again?

48 17. If you had the choice between no follow-up/ a face-to-face appointment (depending on
49  clinical site) and Dora, which would you choose and why?

50 18.  Is there anything else you’d like to mention?
51
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