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Abstract

Objective: Prior research has not assessed the value of remote patient monitoring (RPM) systems for patients undergoing
anticoagulation therapy after cardiac surgery. This study aims to assess whether the clinical follow-up through RPM yields
comparable outcomes with the standard protocol.

Methods: A crossover trial assigned participants to SOC-RPM or RPM-SOC, starting with the standard of care (SOC) for the
first 6 months after surgery and using RPM for the following 6 months, or vice-versa, respectively. During RPM, patients used
the Coaguchek® to accurately measure International Normalized Ratio values and a mobile text-based chatbot to report PROs
and adjust the therapeutic dosage. The study assessed patients’ and clinicians’ experience with RPM and compared direct costs.

Results: Twenty-seven patients participated. The median time in therapeutic range (TTR) levels during RPM were 72.2% and 50.6%
for the SOC-RPM and RPM-SOC arms, respectively, and during SOC, they were 49.4% and 58.4% for SOC-RPM and RPM-SOC arms,
respectively. Patients and the clinical team reported high trust and satisfaction with the proposed digital service. Statistically sig-
nificant differences were only found in the cost of RPM in the RPM-S0C, which was higher than SOC in the SOC-RPM arm.

Conclusions: Portable coagulometers and chatbots can enhance the remote management of patients undergoing anticoagu-
lation therapy, improving patient experience. This presents a promising alternative to the current standard procedure. The
results of this study seem to suggest that RPM may have a higher value when initiated after a SOC period rather than starting
RPM immediately after surgery.

Trial registration: ClinicalTrials.gov NCT06423521.
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Introduction

Patients diagnosed with conditions such as atrial fibrilla-
tion, congenital heart disease, or recurrent venous thrombo-
embolism require appropriate values of the International
Normalised Ratio (INR), a standardised measure of blood
clotting time, primarily used to monitor and adjust the
dosage of anticoagulant medications." Vitamin K antago-
nists (VKAs) such as warfarin are low-cost and widely
applied in anticoagulant therapy.>® However, while VKA
oral medication effectively reduces thromboembolic
events, it requires frequent INR monitoring, requiring
patients to visit clinical analysis centres frequently to be
tested.* Recently, new oral anticoagulants (NOACs) like
rivaroxaban have been proposed as an alternative to
VKA, as they do not require dose adjustment and have pre-
dictable anticoagulant effects. Still, NOACsSs are unsuitable
for some patients with mechanical valves, liver or renal dys-
functions.” ™ VKAs remain the standard treatment for this
group of patients. A risk of this treatment is that ensuring
safe drug administration can be difficult because of its
narrow therapeutic range, unpredictable biological effects,
and susceptibility to interactions with other medications
and food.> Therefore, the measurement of the INR is essen-
tial for effective VKA management and to optimise benefits
while minimising risks.? The assessment of the proportion
of INR values that fall within the therapeutic range, com-
monly referred to as the time in therapeutic range (TTR),
can provide valuable insights into anticoagulation control,
as high TTR is linked with decreased occurrences of
adverse bleeding and thromboembolic events.>”

As the need to keep a high TTR for a safe anticoagula-
tion therapy, regular monitoring of the INR values is critical
to support self-management and medical dosage prescrip-
tion. Personalised and home-based care interventions that
empower patients and caregivers for self-management are
necessary, especially considering the ageing population
and increasing demand for healthcare professionals.'®
Advances in self-testing and self-management technologies
within digital healthcare have significantly benefited
patients.'' Portable coagulometers allow patients to
monitor their coagulation parameters independently with
fingertip blood samples, reducing their dependency on
testing facilities. Previous studies demonstrated that the
results obtained from portable coagulometers are compar-
able to those from hospital laboratories.'® Portable coagula-
tion monitors for testing prothrombin time-international
normalised ratios have recently gained popularity.* INR
self-testing based on portable coagulation monitors and
doctor-patient communication can include many clinical
and economic advantages over standard of care.*'* The
patient can report the INR reading to healthcare profes-
sionals, who will prescribe and communicate medication
adjustments, avoiding unnecessary hospital or healthcare
centre Vvisits.

Remote patient monitoring (RPM) services are rapidly
growing, enhancing communication between health profes-
sionals and patients, facilitating drug monitoring, and offer-
ing greater flexibility in anticoagulant self-management
practices.* Patients are now considered active rather than
passive regarding healthcare consultation models since
technological advances have given patients access to
more information and tools, allowing them to participate
and actively interact with their health professionals.'?
However, it is crucial to acknowledge that successful self-
management interventions involve several factors, such as
education, training, and effective communication with
healthcare providers."'* These conditions may not be
achieved for all individuals, especially those with compli-
cated medical conditions or circumstances that make self-
management unsuitable or unsafe. Recently, a meta-analysis
found that using portable coagulometers and telemedicine
for management significantly improved test frequency and
TTR compared to the traditional model.* Moreover, it has
significantly improved adherence due to increased patient
awareness to monitorization.'> A recent review has explored
the use of eHealth tools in anticoagulation management after
cardiac valve replacement. The study found that computer-
based support systems, telemedicine platforms, and mobile
apps can improve the time spent in therapeutic range and
life satisfaction. However, further research is needed to
evaluate their economic benefits and potential to reduce
adverse events'® by evaluating health outcomes, patient
and clinical team experiences and costs.

Despite these advances, there remains a gap in effective
communication and management between patients and
healthcare professionals. Our study aims to address this
gap by proposing an innovative system that enhances com-
munication by collecting patient-reported outcomes and
sending medication adjustments via an SMS chatbot. The
main objective of this pilot study was to evaluate the out-
comes and costs of a digital clinical service designed to
support patients with anticoagulant therapy after cardiac
surgery. This study employed an RPM system with a port-
able coagulometer for clinical follow-up and self-
management of INR control, and it compared this approach
with the standard of care (SOC). Additionally, the study
sought to assess the satisfaction and experiences of both
patients and clinical teams, as well as the economic cost
evaluation of the proposed RPM-based system.

Methods

Study design

A clinical trial was conducted utilising the crossover design,
as depicted in Figure 1, to investigate the relationship
between intervention and target outcomes. The sample
size was estimated using G*Power software (version
3.1.9.7), utilising T-Test and the effect size (Cohen’s D)
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n=12 Allocated to Group 1 intervention
SOC
12 Received allocation intervention
0 Did not received allocated intervention

0 Lost to follow-up
1 Discontinued intervention

n=11
Allocated to Group 1 intervention
RPM
11 Received allocation intervention
0 Did not received allocated intervention

0 Lost to follow-up
0 Discontinued intervention

n=27
Assessed for eligibility

n=27
Randomised

Full six-month period of the first phase of interventions

n=15
Allocated to Group 2 intervention
RPM
15 Received allocation intervention
0 Did not received allocated intervention

0 Lost to follow-up
0 Discontinued intervention

n=15
Allocated to Group 2 intervention
SOC
15 Received allocation intervention
0 Did not received allocated intervention

0 Lost to follow-up
0 Discontinued intervention

Full six-month period of the second phase of interventions

n=26 Analysed
n=1 Excluded from analysis

Figure 1. Flow diagram of the crossover pilot trial of SOC-RPM and RPM-SOC for guiding RPM versus SOC.

was calculated from similar studies (0.76).4’17 Then, a total
sample size of 27 subjects was obtained, accounting for a
5% dropout rate, which will provide adequate power
(>0.80) to achieve statistical significance at an alpha level
of 0.05. This sample size is considered appropriate for the
context of our intervention. A total of 27 patients from
the Department of Cardiothoracic Surgery at Hospital de
Santa Marta receiving anticoagulant therapy were enrolled
in the study. Inclusion criteria were patients >18 years

old and with a smartphone. The exclusion criteria were ana-
Iphabetism, poor health, low digital literacy level, and
inability to use the RPM equipment alone or with caregiver
support. During the first visit, the healthcare professional
assessed patients’ eligibility for anticoagulation self-
management therapy based on their clinical information.
To characterise the sample and analyse costs, health indica-
tors such as age, sex, and place of residence were collected.
Additionally, patient-reported outcomes, experience, and
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satisfaction were evaluated. The trial was conducted under
the Declaration of Helsinki. The ethics committee of the
Centro Hospitalar Universitdrio de Lisboa Central
approved this study (n°® 1057/2021). The trial was registered
on ClinicalTrials.gov with the identifier NCT06423521. All
participants gave written informed consent to participate in
the study. Patient records were anonymised in the database.

Participants were assigned into two arms: one would
follow the SOC for the first six months and then receive
the RPM intervention for the following six months
(SOC-RPM); the other group would receive the interven-
tion (RPM) for the first six months and then follow the
SOC for the remaining six months (RPM-SOC). Patients
were recruited by the clinical team during the surgery
discharge appointment. They were assigned to the
RPM-SOC group if the coagulometer devices allocated
for this study were available; otherwise, they were assigned
to the SOC-RPM arm, which would commence using RPM
after the follow-up appointment 6 months post-surgery.
Blinding was not feasible due to the nature of the trial,
and both patients and the clinical team were aware of the
follow-up being conducted. In this study, it was decided
that a washout period was not required. This was because
withdrawing effective follow-up care for a washout
period is not possible, as patients need to be constantly
monitored to ensure effective treatment, thus preventing
thromboembolic events. The study was conducted for
twelve months, as follows:

1. Patients received a kit with a Coagulometer-CoaguChek®
(Roche Diagnostics, Switzerland) and the necessary test
strips for use during the period established, as well as
written instructions on how to take the measurements,
and were registered on the monitoring platform.

2. Patients received periodic text messages on their smart-
phones to report the INR value, and they responded to
messages regarding their symptoms related to anti-
coagulant therapy and the INR value.

3. The clinical team received notifications if patients’
reports had been assessed outside therapeutic standards
and then sent a text message back with the medication
adjustment.

Endpoints

The primary endpoint was the patient’s TTR for INR values
among the programs, i.e., a comparison between SOC and
RPM over time. The TTR for INR value was self-measured
by the portable monitor and calculated by the Rosendaal
method of lineal interpolation.'®'® To obtain reliable
results, collecting more than two measurements per partici-
pant was necessary. However, seven participants did not
fulfil this requirement during the SOC intervention, result-
ing in being considered as missing data. Our design proto-
col expected an estimated frequency of one test every 15

days in RPM. However, the clinical team could adjust
this frequency upwards if the values fall outside the thera-
peutic range limits according to their criteria, allowing for
more effective therapeutic adjustment and reducing the
time needed to normalise INR values.

Secondary endpoints were the number of events of
hypocoagulation symptoms. During the RPM intervention,
these were assessed periodically by a chatbot-based ques-
tionnaire through patients’ self-reported messages on the
phone for six months. A questionnaire with 13 self-reported
questions was used to evaluate patient experience and satis-
faction. The first four questions measured experience, while
the following nine focused on satisfaction. The responses
were rated on a scale of disagree to agree, with 1-4
points assigned to each response. To prevent ceiling and
floor effects in our tool, the questions numbered 2°, ‘11°,
and ‘12° were calculated as “inverted,” and an optional
open question was included. The questions were presented
to the patients in Portuguese and translated to English
for reporting purposes of the study (Appendix I and
Appendix II). The average cost of patient care was analysed
as described in the section Cost Analysis.

Web platform for data collection and patient
follow-up using a participatory action research
approach (PAR)

The RPM solution for managing oral anticoagulation
therapy was developed using a PAR approach. This
method has shown legitimacy in the collaborative develop-
ment of RPM solutions and ensures stakeholder involve-
ment at every stage.’® The development team was
multidisciplinary, consisting of three nurses, two physi-
cians, two software developers, and five researchers, enab-
ling a comprehensive integration of clinical and technical
expertise. The PAR approach was structured into five
main phases, following a non-linear and recursive process
of action and reflection. 1) Problem Definition: Two
focused meetings were held with nurses and physicians to
understand the existing standard of care and identify chal-
lenges for the new web platform; 2) Planning: A subsequent
meeting outlined the technical specifications and functional
requirements of the platform; 3) Action: The team devel-
oped multiple iterations of the web platform, incorporating
features identified in previous phases; 4) Observation:
Testing was carried out by nurses and physicians to
assess usability and effectiveness in a clinical environment;
5) Reflection: Meetings were conducted to reflect on testing
outcomes and prioritize necessary modifications using the
MoSCoW method (Must Have, Should Have, Could
Have, and Will Not Have this time).21 The result of this col-
laboration led to the proposition of integrating a coagul-
ometer with a mobile text message-based RPM system.
This combination would allow patients to remotely self-
report therapy-relevant outcomes and to receive drug
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dosage adjustments from medical doctors. The RPM system
is comprehensively explained in.*

The design of the chatbot mentioned above considers the
following features: (1) text understanding, (2) dialogue
management, (3) data management and (4) text generation.
The interaction begins with a greeting message, followed
by a prompt for the patient to start the questionnaire. This
prompt displays the answers for the first measure, as illu-
strated in the flow diagram presented in Figure 2. Patients
are encouraged to interact with a chatbot that delivers multi-
step questions and securely stores validated patient-reported
data used for clinical monitoring. Patients are provided with
a coagulometer device to measure INR and the chatbot’s
phone number. The assessment plan consists of seven
patient-reported items: the INR value measured using the
coagulometer and responses to 6 questions regarding medi-
cation, bruises, bleeding, faeces, nausea, and hospital/health
centre visits, all taken periodically. Detailed information
regarding the conversational agent used for data collection
is also available in.*

Cost analysis

The average cost per patient in the SOC versus RPM was
compared using the Time-Driven Activity-Based Costing
(TDABC) method and the perspective of the Public
National Healthcare Service (NHS).?* The method involved
mapping patient pathway activities and identifying the
direct costs, such as healthcare professionals and facilities,
equipment and technology (ET), and consumables.?* A lit-
erature review was first conducted, followed by interviews
with healthcare professionals to validate the findings.***>-*
Healthcare professional costs were obtained from
Portugal’s Public Salary Scale, while ET costs were deter-
mined based on their market acquisition value and depreci-
ation rate. The manufacturer provided the cost of the
coagulometer and the testing strips. Facility costs were
based on the cost per square meter multiplied by the
minimum required size defined by Portuguese legislation
for medical facilities. It was assumed that all human
resources had an 80% effective work time. Each resource
cost rate was operationalised as the cost per minute.”
The cost of INR testing in private labs was considered the
amount charged by private providers to the NHS.

Travel costs incurred by patients to test INR during SOC
were considered. Patients identified the healthcare institu-
tion they went to during the six-month SOC period, and
it was assumed they would go by personal car. Travel
costs were estimated considering the Portuguese legisla-
tion for travel expenses in 2023, which defines a cost of
0,36 €/km.?” No absenteeism costs were taken into account.
Patients with less than three measures in the SOC period
were not considered for cost analysis due to the assump-
tion of missing data. All monetary values are in Euros as
of 2023.

Statistics

The statistical analyses were performed using Python
(version 3.9.7). Count and proportion were reported for cat-
egorical variables. Continuous data were presented as the
mean =+ standard deviation or median with the interquartile
range (IQR), depending on the normality distribution of the
data, verified by the Shapiro-Wilk test. The Analysis of
Variance (ANOVA) and the Kruskal Wallis tests were
used to explore differences in TTR between the two
groups and the crossover combinations. The analysis used
the median of the percentage of TTR. In addition, the
t-test was used to compare costs. The Friedman test, a non-
parametric test for repeated measures, was employed to
assess the differences in TTR percentage and the occur-
rence of hypocoagulation events across the different
months of the study. Statistical significance was demon-
strated at p <0.05.

Results

Patient characteristics

In this study, 27 patients were initially enrolled. However,
one patient from the SOC-RPM arm dropped out because
the clinical team agreed with the patient to terminate the
study early, due to non-compliance with the measurement
guidelines and medication dosage given by the clinical
team, leaving 26 participants who completed the study.
Of these, 13 were females, and 13 were males, with an
average age of 55.65 + 13.30 years. Most participants had
mechanical aortic or mitral prostheses, with fewer experien-
cing conditions such as atrial fibrillation, pulmonary
thromboembolism, Bentall procedure, or mitral valvulo-
plasty. Most patients had an INR goal range of 2.0 to 3.0
(detailed in Table 1). However, INR is highly dependent on
each patient’s specific condition. During the RPM program,
patients answered 94.6% of the questions asked by the
chatbot, with a median (IQR) time between order submission
and patient response of 23.0 (2.0 to 153.5) minutes.

Time in the therapeutic range

Table 2 displays a comparative analysis of the median and
interquartile range (IQR) of the percentage spent within the
TTR for INR values across each study arm and both pro-
grams, targeting specifically the TTR. The differences
were tested using the Kruskal-Wallis test, revealing no stat-
istically significant differences (p =0.07).

Table 3 provides a comparison of the percentage of TTR
for INR values across six months of RPM within each study
group. Each row displays the monthly TTR values for a spe-
cific arm, organised in columns. Statistical analyses indi-
cated no significant temporal variations in TTR for the
group receiving SOC followed by RPM (SOC-RPM) (p =
0.068). Similarly, the Friedman test revealed no significant
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Patient starts the questionnaire

v
Asks for the first
measure of the
measurement plan
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Inserts measure

No
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Asks to repeat the Checks if inserted

. . «—False—— measure matches regex or
measure insertion ; 9
available answers
Alerts that the value True
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Figure 2. “Data collection flow:” the patient is represented by a circle, the finite state machine by a diamond, and the chatbot by a

rectangle.
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Table 1. Characteristics of the study population.

Mean (SD) age (years) 55.6 (13.3) 55.3 (14.7) 54.2 (12.7)
Sex, female, n (%) 13 (50) 4 (36.7) 9 (60)
Indication for anticoagulation therapy, n (%)
Mechanical Aortic Prosthesis 14 (53.8) 8 (72.7) 6 (40)
Mechanical Mitral Prosthesis 3 (11.5.3) 0 (0.00) 3 (20)
Mechanical Mitral Prosthesis and Atrial Fibrillation 2 (7.7) 1(9.1) 2 (13.3)
Pulmonary Thromboembolism 2 (7.7) 1(9.1) 1 (6.7)
Mechanical Aortic and Mitral Prosthesis 1(7.1) 1(9.1) 1 (6.7)
Bentall Procedure 1 (3.8) 0 (0.0) 1 (6.7)
Mitral Valvuloplasty 1 (3.8) 0 (0.0) 1 (6.7)
INR Goal, n (%)
2.0-2.5 2 (7.7) 0 (0.0) 2 (13.3)
2.0-3.0 15 (57.7) 9 (81.8) 6 (40.0)
2.5-3.5 9 (34.6) 2 (18.2) 7 (46.7)
Mean (SD) Number of INR Measures
RPM 20.62 (5.08) 18.55 (3.50) 22.13 (5.60)
SOC 11.05 (5.83) 15.33 (5.72) 7.20 (2.04)

Abbreviations: SD, Standard deviation; *: p<0.05, INR, international normalised ratio.

differences across the months for the group with RPM fol-
lowed by SOC (RPM-SOC) (p =0.385).

Hypocoagulation events

Data analysis identified 59 hypocoagulation events in the
RPM programs, with 18 occurring in the SOC-RPM arm
and 41 in the RPM-SOC arm. The analysis revealed that
the SOC-RPM arm had a median value of events by the
patient of 1.0 with an IQR of 0.0 to 2.0, while group
RPM-SOC had a median value of 2.0 with an IQR of 1.0
to 5.0. The Mann-Whitney test indicated non-significant
differences (p =0.054) between the two study arms, with
group SOC-RPM showing a more positive impact regard-
ing fewer events observed. Moreover, the Friedmann test
results revealed a non-significant difference between the
number of events over the six months during the RPM pro-
grams for both study arms (p =0.887 for SOC-RPM and
p =0.089 for RPM-SOC).

Table 2. Comparative median (IQR) of the TTR for INR range by
program type between groups.

SOC-RPM  72.22 (57.88-78.05) 49.41 (37.67-58.96)
0.07
58.42 (26.43-77.54)

RPM-SOC  50.55 (36.38-61.66)

Abbreviations: IQR, Interquartile range; TTR, Time in therapeutic range; INR,
international normalised ratio; SOC, Standard of Care; RPM, Remote patient
monitoring.

Patients’ feedback, experience, and satisfaction

Patient feedback was collected using a questionnaire to
assess satisfaction and experience, as described in the
Methods section, and also from open comments. In terms
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of experience, the patients’ answers had a mean and SD of
3.54+0.36; for satisfaction, it was 3.62 +0.25. The full
results for each question are available in the Appendix I.
The open comments showed that most responses favoured
the proposed RPM system (Appendix II).

Costs

Of the 26 patients, nine were not considered eligible for
inclusion in the cost analysis as, during SOC, seven
reported less than three INR measures. Additionally, one
patient did not provide where he was tested during SOC,
and one was tested at home. Table 4 presents a comparison
of per-patient costs between RPM and SOC follow-up for

Table 3. Monthly comparison of median TTR percentages for
SOC-RPM and RPM-SOC groups over six months.

Month
1 53.3 (25.0-75.0) 35.0 (20.8-54.2)
2 66.7 (51.7-78.3) 35.0 (24.2-81.7)
3 83.3 (71.7-100.0) 50.0 (43.3-71.7)
4 73.3 (56.7-95.0) 56.7 (46.7-75.8)
5 70.0 (53.3-81.7) 45.0 (21.7-83.3)
6 83.3 (71.7-96.4) 53.3 (25.0-100.0)

p-value 0.068 0.385

Abbreviations: INR, international normalised ratio; TTR, Time in therapeutic
range; RPM, Remote patient monitoring.

the two study arms. The costs associated with INR testing
were categorized either as fixed or variable costs. Only
when the patients were followed through RPM were fixed
costs incurred. Generally, estimated costs were higher in
the first semester. Accordingly, RPM was more expensive
than SOC in the RPM-SOC study arm while less costly in
the SOC-RPM arm. However, only the RPM-SOC study
arm observed statistically significant differences between
RPM and SOC. Additionally, when comparing the costs
between groups, the cost of RPM in the RPM-SOC was stat-
istically significantly higher than SOC in the SOC-RPM arm,
as p<0.001, with a mean difference of 32,97¢€.

Discussion

The present research analysed using a chatbot and a port-
able coagulometer as an RPM system versus SOC in
patients’ follow-up receiving anticoagulation therapy after
cardiothoracic surgery. The study aimed to assess the
impact of RPM on TTR for INR values, hypocoagulation
events, patient experience, patient satisfaction, and costs
following a value-based healthcare approach. Our study
suggests that the RPM system is more successful than
SOC intervention, regarding the median percentage of
TTR for INR values, when RPM is initiated six months
after surgery. This finding may be because when VKA
therapy is initiated or resumed after surgery, the values of
INR fluctuate until the ideal personalised dose is deter-
mined for each patient. This personalised dose can vary sig-
nificantly between patients, and the required INR ranges
can also differ. Additionally, RPM results could have
been better after the SOC period because the initial phase
of higher INR variability occurred during SOC. RPM was
initiated during a period of higher stability, when the
ideal dose for each patient is already clinically assessed.
During RPM interventions, the TTR levels were 72.2%
for the SOC-RPM arm and 50.6% for the RPM-SOC arm,

Table &. Average (standard deviation) patient INR monitoring cost (€) for each arm during six months of intervention.

INR testing fixed costs 0.00

INR testing variable costs 150.56 (67.99)
INR testing fixed and variable 150.56 (67.99)
Travel costs 68.39 (99.42)

Total costs 218.95 (129.89)

57.45 (0.00) 0.00 57.45 (0.00)
121.01 (27.17) 53.94 (19.69) 153.97 (40.71)
178.46 (27.17) 53.94 (19.69) 211.43 (£0.71)

0.00 19.90 (17.02) 0.00
178.46 (27.17) 73.83 (25.89)* 211.43 (40.71)

Abbreviations: SOC, Standard of Care; RPM, Remote Patient Monitoring; SD, Standard Deviation; INR, international Normalised Ratio; *: p<0.001.
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which may have influenced the number of hypocoagulation
events in the SOC-RPM arm, which was significantly lower
than in the RPM-SOC arm. Previous studies have suggested
that spending more time outside the therapeutic range can
have serious health consequences. According to a study
by Lee et al. (2021), a 10% increase in time spent outside
the TTR can result in a 29% increase in mortality risk and
a 10%—12% increase in the risk of ischemic stroke and other
thromboembolic events.”® Our results align with a
meta-analysis comparing telemedicine-based oral anticoa-
gulation management with usual care, in which it was
found that telemedicine-based systems, compared to usual
care, had similar rates of major bleeding and mortality
and improved TTR, indicating the potential of RPM as a
promising alternative to standard procedures for the man-
agement of anticoagulation therapy.*

The present study utilised a portable coagulometer and a
digital platform to create a communication channel between
patients and the clinical team. This allowed prompt report-
ing of outcomes, symptom management and structured data
collection. A web platform through a chatbot was used to
report PROs and INR measures from the coagulometer
and to receive medication dosage recommendations from
the clinical team. Such a combination of portable coagul-
ometers with patient-doctor communication has been previ-
ously proven to support better TTR maintenance, especially
when complemented with patient education.® The patients
and clinical team involved in our study reported a positive
experience with our digital healthcare service, expressing
trust and satisfaction. The clinical team has highlighted
the ease of access to medical prescriptions and the
comfort of performing the INR test remotely as the princi-
pal benefits of the proposed solution. The successful imple-
mentation of our RPM system may be attributed to the
relevance of co-creation methodology for service
design®*>! and the PAR approach used for developing
this platform.20 The dynamic, iterative nature of the
research process enabled stakeholders to address various
aspects—from design through execution and implementa-
tion—simultaneously rather than sequentially. This collab-
orative and iterative method not only garnered stakeholder
buy-in but also improved the functionality and user accept-
ance of the final product. Such methodology facilitated the
adoption and confidence of the patients through the design
of a simple interface technology and the education support
from the nurses. Considering the target group of patients in
cardiac surgery, in a public hospital in Portugal, this digital
service addressed key barriers for technology adoption in
elderly population, as studied in Frishammar et al.
(2023).>% The use of eHealth strategies has many benefits,
including improved healthcare access for remote popula-
tions and more effective anticoagulation management.**’
Remarkably, the patients answered (on average) 94.6% of
the questions made by the chatbot. This result demonstrates
that the methods used in our study mitigated the risk of low

adoption and usage of digital services in healthcare. In fact,
previous research has shown that PAR approach improves
patients’ engagement with medical services, enhances the
interactions between patients and providers, fosters shared
decision-making and strengthens relationships between
them. Hence, the alliance between stakeholders, patients,
and developers can result in more effective interventions,
satisfied patients, and reasonable costs.”?°

The RPM period was associated with increased costs
compared to SOC in the RPM-SOC arm, possibly due to
a higher number of INR measures that led to increased
spending. This might be, as previously described, due to
higher INR wvariability during the initial postsurgery
period, when patients need closer clinical monitoring and
reassurance. Contrarily, in SOC, the cost of transportation
for outpatient visits must be considered. Despite the fact
that we did not accurately assess the indirect costs due to
lack of data, previous studies suggest that telemedicine
may be more cost-effective over a long period when consid-
ering the cost of transportation and absenteeism for out-
patient visits.* This study primarily examined the direct
monetary costs of INR testing in SOC and RPM periods
of care. However, the cost impact extends beyond testing
costs, including costs with clinical complications and indir-
ect costs.>® A systematic review'? concluded that when
accounting for the costs associated with complications, self-
testing may be less costly than SOC due to its potential to
decrease thromboembolic and bleeding events via
improved INR control. They also conclude that RPM
could enhance cost savings by reducing outpatient clinic
visits, allowing healthcare professionals to dedicate more
time to other patients.'> Additionally, including indirect
costs, such as productivity losses when patients attend
in-person tests in clinical settings, would increase the
costs of SOC. Moreover, in countries like Portugal, where
a high proportion of informal caregivers also participate
in the workforce, the indirect costs rise with their work
absenteeism, emotional strain, and the opportunity costs
of caregivers’ time.>* Thus, future research should consider
the potential cost savings of home-based testing regarding
the costs of severe complications, the additional time
healthcare professionals can devote to other activities, and
indirect costs.

This study has several limitations. The small sample size
may reduce the statistical power of the analysis.
Nevertheless, the crossover design allowed us to conclude
that future studies with higher sample sizes should focus
on stages when patients have already passed the acute post-
surgical instability. Besides, the lack of a washout period
between treatments could have led to biased results and
increased variability. In addition, we identified limitations
related to the exclusion of patients with low digital literacy
which may affect the generalisability of our findings. The
questionnaire used to assess experience and satisfaction is
not validated, precluding external validity. Still, it was
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used due to the lack of instruments in the Portuguese lan-
guage to assess the experience and satisfaction of digital
health RPM-based systems. The open comments from
patients and the clinical team gave valuable insights and
corroborated the questionnaire results. To enhance the reli-
ability and precision of the experience and satisfaction out-
comes, future research could integrate the application of
validated questionnaires along with mixed methods. This
approach would enable the collection of comprehensive
and reliable data, ensuring the results are highly accurate
and trustworthy. Moreover, forthcoming studies can con-
sider controlling confounding variables identified as poten-
tially affecting the outcomes. As previously documented,
these variables may include drug interactions®> and nutri-
tional status.>®

Further research is required to gather real-world evi-
dence on the outcomes and costs of digital health services,
specifically for follow-up procedures after cardiac
surgery.”’ Electronic health records and billing data can
provide real-world evidence that complements traditional
clinical trials.*® Therefore, they can help develop digital
health services that provide higher value to patients. The
current study can serve as a starting point for the develop-
ment of an RPM system for anticoagulation therapy,
empowering patients to report outcomes and INR measures,
from home, with clinical supervision for symptoms man-
agement and dosage adjustment.

Conclusions

Anticoagulation therapy management can pose a challenge
due to the need for frequent monitoring of INR values and
TTR. However, a RPM system that tracks these clinical out-
comes can provide adequate therapy control. For patients
undergoing oral anticoagulation therapy after cardiac
surgery, self-testing and RPM techniques have been shown
to be viable options for INR management. This study vali-
dates the use of a chatbot and a portable coagulometer as a
viable method to improve the management of patients under-
going anticoagulation therapy after cardiac surgery. The pro-
posed RPM-based system has the potential to complement
the current standard procedure and may be especially
useful when RPM is initiated after a SOC period.
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Appendix I. Patient experience ratings (questions 1-4) and the satisfaction ratings with the chatbot (questions 5-13).

1 - | felt well looked after with this service. 0.0 0.0 0.0 26.1 73.9
2 - The service interferes with my daily routine. 0.0 21.7 60.9 17.. 0.0
3 - The service should be recommended to people with a health condition 0.0 0.0 0.0 34.8  65.2

similar to mine.
4 - | am satisfied with this service. 0.0 0.0 0.0 26.1  73.9

5 - The explanation given at the time of delivery of the equipment was 0.0 0.0 0.0 34.8  65.2
sufficiently enlightening.

6 - It was easy to learn how to use the equipment. 0.0 0.0 4.3 34.8  60.9
7 - The time it takes me to take the daily measurements is acceptable. 0.0 0.0 4.3 39.1 56.5
8 -Whenever | make a mistake using the equipment, | get through it with ease. 13.0 0.0 0.0 52.2  34.8
9 -The equipment is reliable and has few technical problems. 0.0 0.0 0.0 26.1  73.9
10 -The team is quick to respond when technical problems occur. 34.8 0.0 0.0 17.4  47.8
11 -The equipment | received invades my privacy. 0.0 65.2 30.4 4.3 0.0

12 - The equipment makes me feel uncomfortable physically or emotionally. 0.0 69.6 30.4 0.0 0.0

13 - The equipment allows professionals to better monitor my condition 0.0 0.0 0.0 26.1 73.9

from a distance.

The values are presented in percentage (%).

Appendix Il. Patient Feedback on Experience and Satisfaction (Open-ended).

"Very useful equipment, if handled and used well”
” | recommend it, and | think that everyone with this problem should always benefit from the equipment. It saves us time and
convenience, as we don’t have to go to hospitals and waste hours. It also allows us to take just one drop of blood instead of being

monitored in hospital.”

“I would like this system to be made available to everyone who needs it, as it really helps with measurements. It saves me the hassle of
going to a hospital, wasting time, and bothering nurses, as | can do it myself at home without bothering anyone.”

"The equipment was very good, it was a shame to have to give it away, as it made measurements easier and saved me and the hospital
time"

“| would like to get the machine if possible."
"Everything was good. | only have good things to say about the device”

"l am very interested in the device, as it makes day-to-day measurements easier. The only reason | didn’t buy the device was the price,
not only of the device but also of the tapes, which are quite expensive."

" have already bought a similar machine to have at home"

No participant reported a negative experience.




	 Introduction
	 Methods
	 Study design
	 Endpoints
	 Web platform for data collection and patient follow-up using a participatory action research approach (PAR)
	 Cost analysis
	 Statistics

	 Results
	 Patient characteristics
	 Time in the therapeutic range
	 Hypocoagulation events
	 Patients’ feedback, experience, and satisfaction
	 Costs

	 Discussion
	 Conclusions
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


