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Fleur E. Marijnissen’, Elyse E. C. Rijnders’, Merel M. Tielemans?, Désiree van Noord®,

Leonieke M. M. Wolters*, Jeroen M. Jansen®, Ingrid Schot®, Frank C. Bekkering’, Agnes N. Reijm’,
Sophia M. van Baalen', Tingting Wang®, Marijke Melles®, Richard Goossens®?, Sohal Y. Ismail®,

Iris Lansdorp-Vogelaar', Pieter Jan F. de Jonge' & Manon C. W. Spaander"

Digital counselling can alleviate the burden on healthcare systems and patients. While it has been
evaluated as a supplement to standard care or a substitute for follow-up visits, its use for initial triaging
and counselling remains unstudied. We developed a Digital Intake Tool (DIT) to facilitate the entire pre-
colonoscopy counselling process for FIT-positive participants of a colorectal cancer screening
program digitally, replacing the need for physicians. In this multicentre prospective non-inferiority
study, we evaluated if the DIT could replace in-person counselling. DIT-counselling resulted in
adequately prepared participants in 96.5%, compared to 97.6% after in-person counselling,
demonstrating non-inferiority. Outpatient visits were significantly reduced, with only 3.4% requiring
face-to-face consultations. Patient experiences were highly positive, without increased psychological
distress or anxiety, and effective knowledge transfer. This approach benefits patients and healthcare
systems, allowing patients to receive care at home, reducing travel and carbon emissions, while
increasing outpatient capacity. ICTRP-registration: NL9315, March 8, 2021.

The increasing demand for healthcare services, driven by factors such as
population aging, the rise in chronic diseases, and the widespread adapta-
tion of population screening and surveillance initiatives, all contribute to a
growing amount of patients that require healthcare and has led to immense
pressure on healthcare systems worldwide'™. To address this challenge,
innovative solutions are urgently needed to ensure accessible, affordable,
and high-quality care. In recent years, a digital transformation has unfolded,
integrating digital technologies in healthcare. This evolution has led to
developments in digital health, which seek to alleviate the growing pressure
on healthcare systems’. The onset of the COVID-19 pandemic further

accelerated this transition, prompting rapid exploration and implementa-
tion of various digital innovations.

Telemedicine, a component of digital health, provides an opportunity
for remote patient interaction and data exchange. By facilitating remote
consultations, telemedicine reduces the burden on outpatient clinics and
patients, while potentially enhancing the quality of care delivered’. Inte-
grating telemedicine into standard care has shown great promise. For
example, incorporating telemedicine in the management of patients with
heart failure showed a reduction in short-term cardiovascular-related hos-
pitalizations and mortality rates and better treatment adherence in patients
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Approached FIT-positives
N =1690

Included FIT-positives
N =1000 (59.2%)

FIT-positives receiving in-
person counselling

Incomplete DIT
N =29 (2.9%)

No follow-up
N =1(0.01%)

Complete DIT
N =971 (97.1%)

N =1000

Other centre
N = 4 (0.04%)

No follow-up

CT-colonography

Colonoscopy

N =26 (2.6%) N =6 (0.06%) N =935 (93.9%)
Colonoscopy Protocol deviation; other DIT bowel preparation Colonoscopy
N=28 (2.8%) bowel preparation N =885 (88.5%) N = 1000
N =50 (5%)
Per protocol
. Intention-to-treat

Fig. 1| Participant flowchart. The flowchart provides a schematic illustration of the recruitment and enrolment process in our study. Participants included in the intention-
to-treat analysis are highlighted in blue, and participants included in the per-protocol analysis are highlighted in orange.

with diabetes mellitus’’. Many of the assessed interventions enable direct
communication between the patient and the healthcare provider through
phone or video calls. Despite the advantage of saving travel time for patients,
this setup may not offer the flexibility of receiving care at patients’ preferred
times, a limitation also faced by healthcare providers. Mobile and web-based
applications, hereafter referred to as digital counselling, overcome this
limitation and have demonstrated efficacy in various contexts. Digital
counselling has primarily been used in chronic disease management, follow-
up, and referral consultations, including open-access endoscopy'' ™. In
patients with inflammatory bowel disease, digital counselling reduced
outpatient consultations and hospital admissions”. Digital counselling
could even replace in-person care in a pre-colonoscopy care setting without
compromising procedure-related quality parameters and patient
satisfaction”. However, these scenarios involve patients who are already
familiar with their conditions or, in the case of an intervention, have
undergone prior triaging and informed consent procedures.

Thus far, digital counselling has not yet been evaluated in patients who
have not previously consulted or been triaged by a physician, and for whom
no prior information about their medical condition is available at the
endoscopic outpatient clinic. To bridge this gap, we have developed a Digital
Intake Tool (DIT) for participants of a faecal immunochemical testing-based
colorectal cancer screening (CRC) programme'®. Participants with a positive
Faecal immunochemical test (FIT) are selected from the general population
and referred for in-person pre-colonoscopy counselling without prior con-
sultation of a physician. In this study, we evaluated whether we could replace
in-person counselling with digital counselling by using the DIT application.

Results

Between October 2021 and October 2023, 1690 FIT-positives were approa-
ched for inclusion, 1000 (59.2%) were successfully enroled. Among the 690
non-participants, characterized by a median age of 66.0 (60.0-71.0) and 41.6%
being female, reasons for non-participation varied. In 43.6% a preference for
in-person over DIT-counselling was expressed, 32.8%,reported a lack of
digital literacy as a barrier, this subgroup was characterized by a median age of
70.0 (64.0-73.0), 17.2% desired more interactive counselling, 7.1% declined
due to comorbidity, and 2.3% reported other reasons for non-participation.

Of the 1000 included patients, 971 (97.1%) successfully underwent
DIT-counselling. The median response time was one day, with almost half
of the participants completing DIT-counselling outside regular working
hours (49.4%). Only 29 patients (2.9%), transitioned to in-person coun-
selling at the outpatient clinic after inclusion. The majority of participants
(96.7%) underwent colonoscopy after counselling. In 50 participants, pro-
tocol deviations in bowel preparation led to their exclusion from the per-
protocol (PP) analysis.

An overview of the study and participants included in the PP and
intention-to-treat (ITT) analyses is illustrated in Fig. 1. Patient char-
acteristics of participants receiving DIT- and in-person counselling are
shown in Table 1. No major differences were observed in age and sex. The
percentage of participants with a low American Society of Anaesthesiol-
ogist Classification (ASA), ASA T or II, was higher in the DIT cohort.
However, ASA classification was not reported in 38.4% of the in-person
counselling cohort.

Colonoscopy data

Total Boston Bowel Preparation Scale (BBPS) scores, a bowel cleanliness
scoring system ranging from zero to nine, were available for 949 (94.9%)
participants. In 22 participants, the last segment was not inspected due to
premature termination of the procedure for the following reasons: poor
bowel preparation, discomfort, and technical issues. The median BBPS score
(P5-P95) of the digital and in-person counselling cohort was the same, 9.0
(6.0-9.0). The primary outcome, adequate bowel preparation, was achieved
in 96.5% and 96.6% of the PP and I'TT study populations, respectively. In the
in-person counselling cohort, this percentage was 97.6%, resulting in an
absolute risk difference for adequate bowel preparation of —1.1% (95% CI
—2.64-0.44) for the PP analysis and —1.0% (95% CI —2.49-0.49) for the
ITT analysis (Fig. 2). Both analyses demonstrated non-inferiority. A sen-
sitivity analysis was conducted to evaluate whether the results remained
consistent if all colon segments had a minimum score of two. Although the
adequate bowel preparation rates were slightly lower for all cohorts, the risk
difference and 95% CI remained above the non-inferiority margin, with risk
differences of — 1.2% (—2.91-0.51) and —1.2% (—2.87-0.47) for PP and
ITT, respectively. Incomplete and repeat colonoscopies occurred in only a
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small proportion of the DIT-counselling participants and were comparable
to the in-person counselling cohort (Table 2).

Outpatient reduction
After inclusion, 29 (2.9%) participants opted out of digital counselling and
switched to the traditional in-person counselling. The DIT identified 932

Table 1 | Patient characteristics of participants receiving DIT-
and in-person counselling

DIT-counselling
cohort n =1000

64.0 (59.0-69.0)

In-person counselling
cohort n=1000

65.0 (59.0-71.0)

Age, median (Q1-Q3)

Female, n (%) 450 (45.0) 444 (44.4)
Institute, n (%)
Academic 150 (15.0) 0
Regional 814 (81.4) 1000 (100)
Endoscopy centre 36 (3.6) 0
ASA* classification,
n (%)
I} 173 (17.3) 160 (16.0)
I 695 (69.5) 340 (34.0)
i 72(7.2) 116 (11.6)
v 1(0.1) 0
Missing 59 (5.9) 384 (38.4)
"ASA American Association of Anaesthesiologists.
Intention-to-treat ——
Per-protocol } ] |

Fig. 2 | Forest plot of non-inferiority analyses on primary study outcome. This
figure shows the risk difference in adequate bowel preparation rates, comparing
DIT-counselling with in-person counselling. The dotted line indicates the —8% non-
inferiority margin. Error bars represent the 95% CI. CI confidence interval.

(96.0%) participants with at least one red flag out of the 971 that completed
the digital counselling (Supplementary Table 1). In line with the study
protocol, all 971 participants received an additional telephone consultation
after completing the DIT. Retrospective evaluation showed that this con-
sultation was unnecessary for 409 (42.2%) of the 971 DIT participants. For
557 (57.4%) participants, the additional consultation was necessary, mainly
to address matters such as the discontinuation of anticoagulants or anti-
diabetes medication. Only five participants (0.5%) required additional face-
to-face counselling subsequent to the DIT. In two cases, this was due to the
patient-reported comorbidities, in two cases at patient’s request, and in one
case to obtain a signature for approval to access medical history elsewhere. As
a result, traditional in-person counselling was averted in 966 (96.6%) par-
ticipants, with 409 (40.9%) needing only digital counselling. The remaining
557 (55.7%) participants required a brief telephone consultation based on the
red flags. Detailed reasons for telephone outpatient consultations are pro-
vided in Supplementary Table 2.

Patient-reported outcomes

Patient-reported outcomes were obtained from 971 DIT participants and
100 in-person participants. Patient characteristics are presented in Table 3.
The majority (77.7%) of participants reported no prior experience with
colonoscopy. DIT participants reported more frequent utilization of digital
health resources and higher levels of comfort (Supplementary Figure 1).
Satisfaction ratings for digital counselling were high, with nearly all parti-
cipants (98.8%) rating it above average (score >5), and a median score of 8.0
(8.0-9.0) on a scale from 0-10. After colonoscopy, satisfaction levels
remained high (median 9.0, 8.0-10.0), and 95.4% of the participants would
recommend DIT-counselling to others. In-person counselling received a
slightly higher rating of 9.0 (8.0-9.0, p = 0.002) (Table 4).

After digital counselling, the majority, 523 (59.4%) of the participants
reported to worry less about the potential colonoscopy findings on an 11-
point-Likert scale (z-value —6.136, p < 0.001) (Table 5). Main contributors to
this reduction were the information provided regarding the possible colo-
noscopy findings (32.1%) and the delivery of information through animated
videos (25.5%). Conversely, worries were increased due to the information
provided about the potential procedural complications (6.7%). Similarly,
although with a smaller proportion, 32.0% of participants reported a decrease
in anxiety on the STAI-6 (z-value —3.210, p = 0.001) after digital counselling.
An increase in anxiety was reported by 24.3% of the participants, while 43.7%
reported no change (median: 11.0). A comparable increase in anxiety was
observed after in-person counselling, but 55.7% reported decreased anxiety
levels. Significant differences between digital and in-person counselling were
observed; however, the effect size (), consistently hovered around 0.1, indi-
cating a very small effect. The mean differences within patient regarding
psychological distress and anxiety pre- and post-counselling were very small
for both digital and in-person counselling (Supplementary Table 3).

Table 2 | Results of colonoscopy data

DIT-counselling PP*, n = 885

DIT-counselling ITT*,n=963  In-person counselling, n = 1000

Total BBPS', median (5-95 percentiles) 9.0 (6.0-9.0) 9.0 (6.0-9.0) 9.0 (6.0-9.0)
Ascending colon 3.0 (2.0-3.0) 3.0 (2.0-3.0) 3.0 (2.0-3.0)
Transverse colon 3.0 (2.0-3.0) 3.0 (2.0-3.0) 3.0 (2.0-3.0)
Descending colon 3.0 (2.0-3.0) 3.0 (2.0-3.0) 3.0 (2.0-3.0)

Adequate bowel preparation, n (%, 95% ClI)®

855 (96.5, 95.1-97.6)

930 (96.6, 95.2-97.6)

976 (97.6, 96.4-98.5)

Adequate bowel preparation n (%, 95% CI)"

848 (95.7, 94.2-96.9)

922 (95.7, 94.3-96.9)

969 (96.9, 95.6-97.9)

Incomplete colonoscopy, n (%, 95% CI)

29 (3.3, 2.2-4.7)

30 (3.1, 2.1-4.4)

27 (2.7,1.8-3.9)

Incomplete colonoscopy due to inadequate bowel preparation, n
(%, 95% Cl)

18 (2.0, 1.2-3.2)

18 (1.9, 1.1-2.9)

14 (1.4,0.8-2.3)

Repeat colonoscopy due to inadequate bowel preparation, n (%,
95% Cl)

16 (1.8, 1.0-2.9)

16 (1.7, 1.0-2.7)

14 (1.4,0.8-2.3)

"PP per-protocol, ¥ITT intention-to-treat, tBBPS Boston bowel preparation scale, SBBPS > 6, TAll bowel segments >2.
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Descriptive results of the statements and STAI-6 for both cohorts pre- and
post-counselling results are presented in Supplementary Table 4.

Knowledge transfer

The information-recall test comprises of 16 true and false statements, with a
total score ranging from zero indicating the lowest knowledge transfer to 16,
representing the highest (Supplementary Table 5). After establishing con-
tent validity as outlined in the published protocol, the information recall
test was evaluated among 807 DIT participants and 89 participants who
received in-person counselling. The analysis revealed a Cronbach’s alpha
coefficient of 0.19, indicating limited internal consistency among the test

Table 3 | Patient characteristics of participants receiving DIT
and in-person counselling participants included in the patient-
reported outcomes

DIT- counselling, In-person counselling,

n =971 n =100
Age, median (Q1-Q3) 64.0 (59.0-69.0) 65.0 (59.0-71.0)
Female, n (%) 439 (45.2) 45 (45.0)
Institute
Academic 141 (14.5) 82 (82.0)
Regional 795 (81.9) 18 (18.0)
Endoscopy centre 35 (3.6)
Highest level of education
No or primary education 45 (4.7) 9(9.0)
Lowervocational education 241 (24.8) 21(21.0)
Pre-vocational secondary 312 (32.1) 34 (34)
education
Secondary education 116 (11.9) 11 (11.0)
Higher professional or 257 (26.5) 25 (25.0)
university education
Work situation
Full-time 754 (75.4) 69 (69)
Part-time 2(0.2) 22
Retired 31@3.2) 10(10)
Other 184 (19.0) 18 (18)
Netherlands country 904 (93.1) 83 (83.0)
of birth
Experienced with digital 627 (64.6) 38 (38.0)
health*
Previous colonoscopy
<1 year ago 2(0.2) 22
1-4 years ago 31(@3.2) 10 (10)
>4 years ago 184 (18.9) 18 (18)
Anticoagulants 227 (23.4) 34 (34.0)
Diabetes Mellitus 92 (9.5) -4

“Frequency and comfort level > 5 (Supplementary Figure 1), *Not registered for the in-person
participants.

items. Nevertheless, the information-recall test represents essential post-
counselling knowledge. To evaluate the objective knowledge transfer of the
DIT, the in-person participants were retained as a reference for establishing
a benchmark. The mean score of in-person participants was 13.9 (1.5),
showing no significant difference compared to DIT participants, who scored
amean of 14.2 (SD 1.1, p-value 0.087). Only 5.6% of the digital counselled
participants achieved a score below the reference SD (1.5), in contrast to 18%
observed in the in-person cohort.

Experience from a healthcare perspective

The experiences of nine physicians involved in the DIT-trial were evaluated
and analysed. The median reported time spent on the digital counselling was
15 minutes (11.0-27.5), and the majority (77.8%) of physicians experienced it
less time-consuming compared to the current standard in-person counsel-
ling. Almost everyone (88.9%) recommended the DIT for future counselling,
with 77.8% advising the availability of both digital and in-person counselling
options. The median rating from a healthcare standpoint was 8.0 (7.5-9.5).
The main point of feedback for future consideration was the integration of the
digital counselling system with the electronic patient records.

Discussion

In this prospective multicentre cohort study, we evaluated whether digital
counselling could replace the traditional in-person counselling visit for FIT-
positive participants of a CRC screening programme prior to colonoscopy.
Our findings demonstrate that the DIT is non-inferior to in-person coun-
selling in terms of procedural preparation. A high adequate bowel pre-
paration rate of >96% was achieved, meeting the 90% requirement of the
CRC screening programme. Furthermore, a substantial reduction in face-
to-face outpatient visits was established, and >40% of the participants could
be scheduled for colonoscopy based on DIT-counselling only. Additionally,
patient-reported experiences after digital counselling were highly positive,
without any increase in psychological distress or anxiety, and a highly
effective knowledge transfer.

Previous research supports our findings, indicating that digital tech-
nologies effectively educate patients on the complex process of bowel
preparation'”™"”. Comparable high adequate bowel preparation rates were
found in another study that evaluated digital counselling among symptomatic
patients for whom face-to-face informed consent was already obtained".
Additionally, a meta-analysis illustrated that educational videos led to
reduced anxiety levels among patients undergoing diagnostic procedures™.
Our intervention did not mainly decrease anxiety levels. This may be due to
the fact that the interventions were supplementary to standard care rather
than replacements. Additionally, the presence of test-retest bias might have
made it challenging to distinguish a true change in our study. Interestingly,
also after in-person counselling, no or minimal reductions in anxiety and
psychological distress were observed. More importantly, there was no
observed increase in anxiety or psychological distress.

Compared to other studies that evaluated digital health interventions,
this is one of the few studies that evaluated digital counselling in a patient
population without prior consultation or triaging. This shift towards a
home-based counselling approach offers several obvious advantages from a
patient’s perspective. Hence, the DIT enables patients to receive care at the
comfort of their own home at their own time. With half of the participants
completing the DIT during weekends or evenings, our findings underscore

Table 4 | Results of patient experiences after counselling

DIT-counselling, n =971 In-person counselling N =91 Standardized test statistic P-value

Feeling adequately informed, median (Q1-Q3) 8.0 (8.0-9.0) 9.0 (8.0-9.0) 0.755 0.450"
Satisfaction education, median (Q1-Q3) 8.0 (8.0-9.0) 9.0 (8.0-10.0) —3.093 0.002"
Involvement counselling, mean (SD) 8.2 (1.3) 8.0(1.4) 1.312 0.208*
Satisfaction DIT, mean (SD) 8.4 (1.0)

All statements were answered on an 11-point Likert scale.

*Mann-Whitney U test, YiIndependent t-test.
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Table 5 | Changes in patient perspective for different statements after counselling within patient

DIT-counselling

In-person counselling

N (%) Z-value P-value* N (%) Z-value P-value*
Perceiving colonoscopy as a high risk procedure* -1.010 0.312 -3.132 0.002
Decrease 265 (27.3) 23 (75)
Same level 490 (50.5) 11 (27.5)
Increase 216 (22.2) 6 (15)
Anxious for having CRC* —0.092 0.312 —1.935 0.053
Decrease 228 (23.5) 14 (34.1)
Same level 579 (59.6) 21(51.2)
Increase 164 (16.9) 6 (14.6)
Anxious to die due to CRC* —2.563 0.010 —1.844 0.065
Decrease 212 (21.8) 14 (34.1)
Same level 573 (59.0) 21(51.2)
Increase 186 (19.2) 6 (14.6)
STAI-6 -3.210 0.001 —3.143 0.002
Decrease 311 (32.0) 29 (65.7)
Same level 424 (43.7) 12 (23.1)
Increase 236 (24.3) 11(21.2)
Worrying about colonoscopy outcome’ —6.136 <0.001 - - =
Decrease 523 (59.4)
Same level 234 (26.6)
Increase 123 (14.0)

“Wilcoxon Signed ranks test, *Statement was answered on an 5-point Likert scale, 'Statement was answered on an 11-point Likert scale.

the need for healthcare accessibility outside regular working hours. Also, it
saves travelling time and expenses, one of the main reasons participants
cited for joining this study. Additionally, the ability to review information
and carefully consider responses enhances well-informed patients. How-
ever, while digital counselling offers benefits, it should remain an option
rather than the sole modality, ensuring accessibility for all patients as such
taking into account individual preferences. From the perspective of
healthcare providers, the implementation of the DIT presents significant
time-saving opportunities and outpatient capacity optimization. Given the
current challenges of long waiting lists at outpatient clinics, the DIT offers a
cost-effective approach while maintaining similar levels of quality that could
annually save at least 34,000 hours of in-person counselling in a CRC
screening population in the Netherlands. Also, in the event of future pan-
demics, digital counselling could prevent the complete suspension of CRC
screening programmes. Instead, patients at high risk for CRC could be
scheduled for colonoscopy based on the information obtained through their
digital intake”'. Beyond individual and healthcare provider benefits, the
adoption of digital counselling has broader societal implications. By redu-
cing the need for in-person appointments, the DIT contributes to envir-
onmental sustainability, minimizing carbon emissions associated with
travelling. Furthermore, in regions where patients face large distances to
healthcare facilities, the DIT could enhance healthcare accessibility, thus
promoting equitable access to healthcare and enhance screening partici-
pation rates. This study could be an example for other medical disciplines in
replacing face-to-face informed consent procedures, offering an innovative
solution to reduce the growing pressure on the healthcare systems.

Several limitations of this study should be acknowledged. Firstly, the
non-randomized design of the study might introduce selection bias, poten-
tially limiting the generalizability of our results to a broader demographic in
terms of age and digital health literacy. The higher median age of non-
participants reporting low digital literacy suggests that DIT-counselling could
be more feasible for younger populations. Due to the limited sample size of
age subgroups, the statistical power to conduct detailed age-based analyses is

restricted, necessitating larger studies to validate these findings. Our results
also indicate that the DIT was evaluated within a population more experi-
enced with digital health. However, approximately 35% of all included par-
ticipants reported low digital literacy, yet still achieved adequate bowel
preparation and high patient satisfaction. Nevertheless, the potential bias
reflects real-world scenarios and underscores the importance of offering
digital counselling as an option rather than an obligation. With increasing
digital literacy over time, the impact of this bias is likely to diminish. Secondly,
we were unable to evaluate safety in relation to (post) procedural complica-
tions due to the fact that this was not registered in Screen-IT. Nevertheless, no
(serious) adverse events were reported during the study period. Thirdly, we
had a relatively small number of inclusions in the in-person counselling
cohort for patient-reported outcomes. This could potentially bias the com-
parative analysis, limiting the generalizability of the results and reducing the
statistical power to detect differences between the two groups. Despite this
limitation, the within subject analyses of the digital counselling cohort remain
intact, demonstrating a high level of patient satisfaction and knowledge
transfer without an increase in anxiety or psychological distress. Lastly, the
inclusion criteria limited participation to individuals with a good under-
standing of the Dutch language, and therefore excluding individuals with
language barriers. However, existing research suggests that digital technolo-
gies can effectively engage populations facing language barriers and have the
possibility of more inclusive and accessible healthcare by providing digital
counselling tailored to individual language preferences. Further validation of
the DIT in this context is warranted in future studies.

Another aspect that warrants a more comprehensive evaluation is the
cost-effectiveness of implementing digital counselling. Nevertheless,
another study on the expenses associated with digital counselling estimated
an annual licence fee of €40 per patient using digital counselling, which is
almost seven times less than the cost of in-person counselling”. Given the
significant reduction in outpatient visits, it is likely that digital counselling is
associated with reduced costs. Prior to implementation, as reccommended by
the physicians involved in this study, it is crucial to carefully strategize the
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integration of digital counselling into existing workflows. This should be
done in collaboration with the application’s end-users to ensure optimal
usability and effectiveness. Moreover, integration with electronic health
records can further enhance efficiency, highlighting the importance of
collaborative efforts between healthcare and development providers.
Building further on clinical implementation, future research should focus on
determining which patient and clinical predictors are positively related to
digital counselling. This would enable automatic allocation of patients to the
appropriate patient journey on an individual level based on their intake
results, ruling out involvement of physicians.

In conclusion, this study indicates that in-person counselling could be
replaced by a Digital Intake Tool. The DIT resulted in well-prepared patients
in terms of colonoscopy preparation, high satisfaction, knowledge transfer,
and a significant reduction in outpatient visits. Hence, digital counselling
has been shown to be a valuable alternative counselling technique to inform
and triage patients, facilitating informed consent without direct interaction
with a physician.

Methods

Study setting and participants

In the Netherlands, a FIT-based colorectal cancer screening programme has
been implemented since 2014. Biennial FIT tests are distributed to indivi-
duals between 55 and 75 years of age. In case of a positive FIT, participants
are advised to undergo a colonoscopy. Therefore, they are referred to the
outpatient clinic of a certified endoscopy centre for in-person counselling
prior to colonoscopy. During this pre-colonoscopy consultation, typically
lasting between 30 to 45 minutes, patients undergo triaging, receive infor-
mation, including bowel preparation instructions, and procedural informed
consent is obtained, all mandatory before proceeding to colonoscopy.
Refraining from colonoscopy only occurs when patients decline or if sig-
nificant comorbidities are present™. A high-quality colonoscopy depends on
adequate bowel preparation, which ensures optimal lesion detection and
minimizes the need for repeat colonoscopies. However, achieving adequate
bowel preparation requires patients to adhere to strict dietary restrictions
and follow instructions for laxative use. Therefore, patient education, pro-
vided during the pre-colonoscopy consultation, plays a crucial role. The
Boston Bowel Preparation Scale (BBPS), a scoring system ranging from zero
to nine, is used to evaluate bowel cleanliness. According to the auditing
programme of the national screening organisation, the percentage of
colonoscopies achieving a BBPS of 26, indicating sufficient cleanliness to
inspect the mucosa, must exceed 90% for all participants™.

This trial was carried out in seven CRC screening certified endoscopy
centres. These included one academic hospital, four regional hospitals, and
two private endoscopy centres. Study participants eligible for inclusion were
FIT-positives referred for colonoscopy, without a Dutch illiteracy or
audiovisual disability and with access to the DIT.

Study design

The DIT-trial was a multicentre, non-randomized, cohort study with a non-
inferiority design. All study participants were assigned to the intervention.
The trial design and study protocol have been published previously'®. The
study protocol was approved by the Medical Ethical Committee of the
Erasmus University Medical Centre, Rotterdam, the Netherlands (MEC-
2021-0098) and has been registered online on the International Clinical
Trials Registry Platform (NL9315) on March 8, 2021.

Intervention

The intervention has been described elsewhere'®. In summary, the DIT is a
web application designed to facilitate the pre-colonoscopy consultation
process in a population FIT-based CRC screening programme. Without
prior involvement of a health care provider, FIT-positive screenees are
guided through a series of medical questions, used for the purpose of tria-
ging, alternated with spoken animated videos that provide patient education
created by Informed B.V. Based on pre-determined criteria, the DIT pre-
sents the intake result to physicians as a ‘red flag’ or ‘green flag’ triage result.

Answers resulting in a ‘red flag’ are presented in Supplementary Table 1.
Physicians are required to review patients with at least one ‘red flag’ and
discuss any necessary additional information with them. The follow-up
patient journey was determined based on the triage results, which could
involve scheduling colonoscopy, additional phone or in-person counselling
to discuss medical conditions or questions before colonoscopy was sched-
uled. All participants received a brief phone call outlining their patient
journey, all additional procedural information was provided by the DIT.
Once the colonoscopy was scheduled, participants received personalized
instructions for bowel preparation via spoken animations and a digital
bowel preparation schedule. All participants were prescribed a split-dose
laxative, either a low-volume one-litre polyethylene glycol (PEG) combined
with ascorbate-based bowel preparation (Pleinvue®, Norgine), or in cases
where extended bowel preparation was indicated due to slow transit con-
stipation, a three litre PEG preparation (Moviprep®, Norgine).

Outcomes

The primary outcome was adequate bowel preparation, defined as a BBPS of
26. Included participants were linked to the national information system of
the CRC screening programme: Screen-IT. It is obligated for endoscopists to
register colonoscopy data in ScreenIT. Additionally, colonoscopy data,
including BPPS, were obtained from 1000 participants who received tra-
ditional in-person counselling.

Secondary outcomes were participation rate, response rate, number of
outpatient visits, occurrences of incomplete procedures due to poor bowel
preparation, and necessity for repeat colonoscopies. The patient-reported
outcomes, knowledge transfer, satisfaction, a change in anxiety measured
with the STAI-6, and psychological distress were evaluated among all
included DIT participants and in 100 patients of the CRC screening pro-
gramme that received in-person counselling.

For assessment of the impact on reduction in outpatient visits, four
patient journeys were defined: in-person counselling, digital counselling
only, digital counselling followed by face-to-face counselling, and digital
counselling followed by telephone consultation.

Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics version 25.
Continuous variables were summarized as mean (standard deviation) and
assessed using the independent samples t-test or in the case of skewed data as
median (quartile 1 - quartile 3) and tested using the Mann-Whitney U
nonparametric test or independent t-test with bootstrapping in cases where
there was an unequal distribution between compared variables. Categorical
variables were presented as proportions. For within-subject analyses, we
used either the dependent t-test or Wilcoxon signed-rank, as appropriate.
This study was powered on the primary outcome, the sample size
calculation has been described previously, resulting in a total of 1000 par-
ticipants allocated to both the DIT-counselling study arm and the in-person
counselling arm with a non-inferiority margin of —8%. Data were analysed
on a PP and an ITT basis. The absolute risk difference with corresponding
95% confidence interval, was calculated for the proportion of participants
achieving an adequate bowel preparation, comparing patients who received
DIT-counselling with patients who underwent in-person counselling. For
participants with an incomplete colonoscopy, where only one or two colon
segments were scored, the total BBPS was calculated under a worst-case
scenario assumption, assigning a score of zero for the colon segments that
were not visualized.

Data availability

The patient datasets generated during this study are not publicly available.
However, they can be shared on reasonable request to the corresponding
author.

Code availability
The underlying code used for this study can be provided upon reasonable
request to the corresponding author.
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Abbreviations

DIT Digital Intake Tool

FIT Fecal Immunochemical Test
CRC colorectal cancer screening
BBPS Boston Bowel Preparation Scale
PEG Polyethylene glycol

SD Standard deviation

Q1 Quartile 1

Q3 Quartile 3

ASA American Society of Anesthesiologists
CI Confidence Interval

PP Per-protocol

ITT Intention-to-treat
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