International Journal of Medical Informatics 192 (2024) 105640

= =

Contents lists available at ScienceDirect

informatics

International Journal of Medical Informatics

ELSEVIER journal homepage: www.elsevier.com/locate/ijmedinf

A conversational agent for enhanced Self-Management after
cardiothoracic surgery

a,b,*

Ana Martins , Luis Velez Lapao “““, Isabel L. Nunes >, Ana Paula Giordano '?’e,
Helena Semedo ¢, Clara Vital ¢, Raquel Silva", Pedro Coelho *"¢, Ana Londral ™®"

@ UNIDEMI, Department of Mechanical and Industrial Engineering, Nova School of Science and Technology, Caparica 2829-516, Portugal

b Value for Health CoLAB, Lisboa 1150-190, Portugal

¢ Laboratorio Associado de Sistemas Inteligentes, Escola de Engenharia Universidade do Minho, Campus Azurém, 4800-058 Guimardes, Portugal
d Comprehensive Health Research Center, Nova Medical School, Lisboa 1169-056, Portugal

© CUBE - CATOLICA-LISBON Research Unit in Business and Economics, Portugal

f Department of Physics, Nova School of Science and Technology, Caparica 2829-516, Portugal

8 Hospital de Santa Marta, Centro Hospitalar Universitario Lisboa Central, Rua de Santa Marta, 50, 1169-023 Lisboa Portugal

" NOVA CLUNL - Nova University Lisbon, Colégio Almada Negreiros, 1099-032 Lisboa, Portugal

ARTICLE INFO ABSTRACT
Keywords: Background: Enhanced self-management is crucial for long-term survival following cardiothoracic surgery.
Co-design Objectives: This study aimed to develop a conversational agent to enhance patient self-management after

Conversational Agents

o cardiothoracic surgery.
Personalization

Self-management Methodology: The solution was designed' and implemented fol'loy\{ing the D.e.sign Science Research Mfethodology. A

Cardiothoracic Surgery pilot study was conducted at the hospital to assess the feasibility, usability, and perceived effectiveness of the

Health solution. Feedback was gathered to inform further interactions. Additionally, a focus group with clinicians was
conducted to evaluate the acceptability of the solution, integrating insights from the pilot study.
Results: The conversational agent, implemented using a rule-based model, was successfully tested with patients in
the cardiothoracic surgery unit (n = 4). Patients received one month of text messages reinforcing clinical team
recommendations on a healthy diet and regular physical activity. The system received a high usability score, and
two patients suggested adding a feature to answer user prompts for future improvements. The focus group
feedback indicated that while the solution met the initial requirements, further testing with a larger patient
cohort is necessary to establish personalized profiles. Moreover, clinicians recommended that future iterations
prioritize enhanced personalization and interoperability with other hospital platforms. Additionally, while the
use of artificial generative intelligence was seen as relevant for content personalization, clinicians expressed
concerns regarding content safety, highlighting the necessity for rigorous testing.
Conclusions: This study marks a significant step towards enhancing post-cardiothoracic surgery care through
conversational agents. The integration of a diversity of stakeholder knowledge enriches the solution, grants
ownership and ensures its sustainability. Future research should focus on automating message generation and
delivery based on patient data and environmental factors. While the integration of artificial generative intelli-
gence holds promise for enhancing patient interaction, ensuring the safety of its content is essential.

1. Introduction quality of life for CVD patients [3]. Post-surgery, effective self-

management is essential for long-term survival and reduced need for

Cardiovascular disease (CVD) significantly impacts many Europeans further interventions [3,4]. Self-management involves daily health-
[1], and managing modifiable risk factors is crucial for secondary pre- promoting activities and active patient participation in treatment.

vention [2]. Cardiothoracic surgery helps reduce mortality and improve In recent years, digital health interventions (DHI) have emerged as
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promising tools to enhance self-management by offering scalable and
accessible solutions [5]. However, for DHIs to achieve widespread
adoption and effectiveness, they must be designed following human-
centered approach and undergo iterative optimization [5]. Key
methods for improving DHIs include interviews, co-design, prototyping,
and user testing, with feasibility studies ensuring acceptability and
integration [5].

Despite this, there is limited evidence on the use of conversational
agents for post-surgery self-management. To address this gap, our
project developed an artifact using existing literature and a multi-
disciplinary team to enhance self-management for cardiothoracic sur-
gery patients. The project has three main contributions:

1. Understanding factors influencing post-surgery self-management
from both clinical and patient perspectives;

2. Integrating stakeholder feedback using qualitative and quantitative
methods to define and design a solution;

3. Pilot testing a conversational agent to evaluate its usability, satis-
faction, and perceived effectiveness, incorporating feedback from
patients and clinical teams.

This study is part of the CardioFollow. Al project at the Cardiotho-
racic Surgery Department of Hospital de Santa Marta in Lisbon. It in-
cludes a remote patient monitoring system (RPM) for acute recovery [6]
and proposes a conversational agent to support recovery beyond the
initial monitoring period.

2. Methodology

The Design Science Research (DSR) methodology was used to
develop an innovative and successful artifact [7]. The process includes
six main iterative activities [8], as shown in Fig. 1. The following sec-
tions provide detailed explanations of each methodology used.

2.1. Step 1: Problem and motivation

This step was exploratory and aimed to describe the context in which
the solution is to be used, the needs of the main stakeholders, and the
target population (patients after cardiothoracic surgery), to find a
problem that has not yet been solved in the literature and to motivate the
research efforts.

2.1.1. Population Characterization: Retrospective data analysis
Retrospective anonymized clinical data collected since 2010 at the
hospital. The dataset includes 105 variables, describing patients’ de-
mographics and pre-surgery conditions, conducted procedures, length of
stay, and in-hospital post-surgery complications. It follows the European
Association for Cardio-Thoracic Surgery (EACTS) Adult Cardiac

International Journal of Medical Informatics 192 (2024) 105640

Database fields. Due to study protocol, the dataset cannot be made
publicly available.

The Shapiro-Wilk Test was used to check for normal distribution of
numerical variables [9]. Normally distributed variables were described
using the mean and standard deviation; otherwise, they were repre-
sented by the median and interquartile range. Categorical variables were
described using frequency and percentage. Data analysis was performed
using Python [10].

2.1.2. Digital health interventions: Literature review

A literature review was performed to understand the body of
knowledge regarding the DHIs for patients with chronic diseases. A
literature search was performed to find studies from the 1st of January
2017 to the 26th of March 2022, in PubMed, Scopus, Web of Science,
and CENTRAL. Appendix A further explains the methodology.

2.1.3. In-depth semi-structured interview with the clinical team

In-depth semi-structured interviews [11] were selected to provide an
overview of factors influencing patient recovery [2,12-15]. Structured
elements were included to simplify collecting clinicians’ perspectives.
Recruitment occurred after a June 2022 project meeting, followed by an
email detailing the interview’s content to eight participants. The inter-
view guide, tested with a multidisciplinary team, included questions on
modifiable risk factors, psychosocial factors, hospital context, and re-
covery suggestions (Appendix B). LimeSurvey was used to conduct the
interviews [16].

2.1.4. Semi-structured interview with patients

Interviews were conducted via phone in July 2022 with 9 patients.
Two nurses helped develop the interview guide, which a health literacy
specialist reviewed. Interviews began after obtaining patient consent
and aimed to understand their post-cardiothoracic surgery experience,
well-being factors, barriers and facilitators to following clinical recom-
mendations, and willingness to use digital tools. Interviews were tran-
scribed verbatim, coded using Taguette with both deductive and
inductive approaches [17], as reported elsewhere [18]. The full inter-
view guide is in Appendix C.

2.2. Step 2: Defining the objectives for a solution

This step involved compiling previous information and using a pro-
totyping session with three clinical team members to collaboratively set
objectives for the solution, focusing on target behavior, timing, dosing,
and communication channel. Technical specifications were designed to
ensure the solution can scale and generalize for use in other contexts.
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Fig. 1. First DSR iteration: all the activities developed during this 6-step cycle.
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2.3. Step 3: Design and development

In this step, the platform, intervention, and content were designed
according to objectives from step 2. The Django framework was used to
implement the platform for message conveyance and visualization [19].
Twilio was used for messaging, and Docker for creating a deployable
image on an AWS EC2 instance. Software versions were saved on
GitHub. Functionality testing was conducted by an independent person.
Fig. 2 shows the platform’s architecture.

A conversational flow design session [20] with two nurses involved
in the self-management process occurred to select the conversation flow.
The text messages were tested in a prior study [21]. Later, they were
translated to Portuguese and adapted to our context.

2.4. Step 4 & 5: Demonstration and evaluation

A feasibility study with 7 researchers assessed the artifact’s feasi-
bility and usability. Subsequently, the artifact was piloted at a hospital
with 4 patients after the 3-month RPM period. These patients were
recruited by their nurse via phone call. Those who agreed to participate
had an in-person meeting with their nurse to explain the system and
obtain formal consent. A questionnaire (Appendix D) collected patient
preferences. Acceptability was assessed by the ratio of patients who
agreed to participate to those invited. Retention was calculated as the
ratio of participants who completed the one-month duration without
suspending message delivery to those who initially agreed. Engagement
was measured by the ratio of answers provided to expected answers.
Additionally, patient experience was collected via phone calls, and
system usability was assessed using the SUS, along with perceived effi-
cacy in improving diet and physical activity, and potential
improvements.

A focus group with nursing team members responsible for post-
surgery follow-up was conducted by two moderators (AM and AG).
Results of the pilot study were presented, and satisfaction, improvement
suggestions, and acceptance were assessed using the UTAUT [22]. Ses-
sions were audio-recorded with consent, transcribed, and analyzed
using deductive and inductive approaches. Appendix E contains the
focus group guide.

2.5. Step 6: Communication

Involved all the conferences [18,23] and research articles [24]
published within this project.

HTTP request

App ‘
’ URLs Templates Models
\ Read data Write data
Views PostgreSQL

K HTTP lequest

HTTP response Twilio SMS Gateway

Fig. 2. Model view template architecture for each app.
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3. Results
3.1. Problem definition and motivation

3.1.1. Demographics

The study’s demographic shows that most participants are retirees
over 60 years old, with low education levels and modest incomes, as
detailed in Table 1.

3.1.2. Patient pathway

Following interviews with the clinical team, the patient pathway was
fully understood (Fig. 3). Over the course of a year, the patient un-
dergoes appointments with the cardiothoracic surgeon at the hospital,
supplemented by follow-up assessments that occur before surgery and at
3 days, 1 month, 3 months, 6 months, and 1-year intervals after surgery.
Additionally, during the first three months after surgery, the patient may
be telemonitored.

3.1.3. Modifiable risk factors

Interviews with the clinical team highlighted a strong agreement on
the critical role of modifiable risk factors in patient recovery, as shown
in Fig. 4. Nurses emphasize these factors in follow-up and intervene
when patients don’t follow recommendations. Key areas of focus include
managing diabetes, adhering to medication, and promoting physical
activity, all of which are crucial for effective disease management
(Fig. 4). In Fig. 5, can be observed that the clinical team does not think
that patients consistently improve their modifiable risk factors. Patients
are perceived to often struggle with managing dyslipidemia, exercising
regularly, controlling weight, moderating alcohol intake, and main-
taining a healthy diet, as depicted in Fig. 5.

3.1.4. Factors influencing self-management: Barriers and facilitators

In the point of view of the clinical team, internal factors such as
anxiety, depression, lack of motivation, low health literacy, fear, and
pain are perceived as factors that impair patient’s ability to self-manage.
External factors arise for disadvantaged patients with low socioeco-
nomic status, limited social support, lack of specialized medical care in

Table 1
Population demographics.
N Med(x) (IQR) Mode %
(x)
Age 1762 67,79 61,95 —
(58,56-76,11)
Sex
Male 1126 . . 63,90
Female 636 - — 36,10
BMI 2515 26,72 (24,0-29,43) 27,55 —
Level of Education [25] - -
Primary education 1st cycle 936 - - 53,12
Primary education 2"cycle 212 - - 12,03
Primary education 3rd cycle 194 - - 11,01
Secondary education 149 - - 8,46
Higher education 180 - - 10,22
None 91 - - 5,16
Work situation
Retired 1166 - — 66,17
Employed 384 - - 21,79
Unemployed 85 - — 4,82
Unable to work (medical leave) 60 - — 3,41
Student 4 - - 0,23
Other (domestic work or 63 — — 3,58
agriculture)

Income
< 350¢ 200 - - 11,35
350 - 900 € 681 — — 38,65
901 - 2000 € 375 - — 21,28
2001 - 3500 € 64 - - 3,63
> 3500 € 14 — — 0,79
Unknown 428 - — 24,29
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Fig. 3. Current patient pathway at Santa Marta Hospital.
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Fig. 4. Median and interquartile perceived importance of modifying risk factors by the clinical team.
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Fig. 5. Perceived frequency by which patients do activities to improve the modifying risk factors by the clinical team.
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their area, and restricted mobility, impacting their recovery journey.
The patients’ perspectives on the barriers and facilitators for self-
management have been published elsewhere [18].

3.1.5. Problem definition

The clinical team identified rehospitalization one year after surgery
as a key issue. It was hypothesized that patients’ self-management skills
decline as they feel better, leading to potential problems. To address
this, a DHI was proposed to maintain patient contact after RPM ends, as
patient involvement with the clinical team decreases post-RPM.

3.2. Objectives for a solution

3.2.1. Design search

The literature review results are detailed in Appendix A, revealing
the necessity of a multidisciplinary team. These studies used rule-based
models to deliver messages tailored to selected target behaviors. Three
studies employed theoretical models to design text messages [26-28].
Inspired by these, we described the system’s complexity using the
Behavior Change Wheel [29]. This involved defining the target
behavior, identifying barriers and facilitators to self-management
through qualitative methods, and mapping these to the COM-B model
to understand necessary changes. Behavior change techniques with ev-
idence of leading to the target behavior were used to develop the content
sent to patients [30].

3.2.2. Prototyping session

A prototyping session with the members of the clinical team (n = 3)
involved in the management of patients after hospital discharge. The
results are shown in Table 2.

3.3. Design and development

3.3.1. Platform

The platform was designed in accordance with the specifications
previously defined in Table 3.

The platform was developed using a modular architecture that di-
vides the platform in different apps, to encapsulate all the details of a
specific process, as described in Table 4.

3.3.2. Content design

A rule-based conversational agent was deployed given the results
from the conversation flow design session. An example of interaction is
shown in Table 5.

Table 2
The artifact categories discussed during the prototyping session, along with the
rationale behind each decision.

Category Decision Reason

Artifact type Conversational Agent Clinical team experience, and
prior literature.

Relationship with other
modifiable risk factors; Perceived
frequency by which each patient
does these behaviors (Fig. 5); BMI

(Table 1).

Target behavior Healthy Diet, and

Physical activity

Communication SMS Age, education, and
Channel socioeconomic status (Table 1).
Dose Four times per week, and  Clinical team experience, and
customizable by the prior literature.
patient.
Timing Customizable by the Clinical team experience, and
patient. prior literature.
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Table 3
Artifact specifications, the evaluation strategies to test the MVP.

Specifications Platform to convey messages personalized to patient’s
needs;

A conversational agent fully automated should improve
patients’ ability to self-manage their condition;

It should be modular to be able to integrate new behavioral
models, and be able to scale up;

It should include mechanisms to handle errors;
Healthcare providers should be able to validate the content
sent to patients;

The messages should mimic the way nurses provide
instruction to patients and be encouraging, positive,
friendly, polite and lighthearted;

Personalization features: content, communication channel,
and dose.

Demonstration and Feasibility study;

Evaluation Pilot Study;
Focus Group.
Table 4
Apps within the platform.

Core app The Core app serves as the backbone of the Django project,
encompassing settings, WebSocket implementation, and
server-related configurations.

Communication This app orchestrates the tasks essential for managing

system communication between the system and end users. Employing
an asynchronous approach that enables the system to
efficiently register new tasks in queues as incoming requests
arrive, ensuring seamless responsiveness.
Users This app is responsible for creating, updating, validating, and
displaying user profiles of the user on the interface. It serves as
the central hub for managing user-related functionalities.
The app facilitates the creation, listing, and updating of
messages, as well as the importation of new messages and
questions from an Excel file. Additionally, it provides the
capability to associate behavior change techniques, and
mechanisms of action. Users can also impose restrictions, such
as excluding certain messages for patients taking
anticoagulant medication.
Plans This app offers insights into a patient’s plan, enabling the
updating of the plan itself, listing associated messages and
questionnaires, and adjusting the date and frequency of
message dispatch. Plans play a crucial role in organizing and
managing the flow of communication within the rule-based
conversational agent.
The Patients module facilitates the creation of new patient
profiles either through file import or individual entry. It
provides functionality to list patients and update their profiles,
ensuring comprehensive management and accessibility of
patient information.

Content

Patients

3.4. Demonstration and evaluation

3.4.1. Feasibility study

Based on the SUS results, 71 % of participants found the platform
suitable for its intended purpose. Additionally, all participants unani-
mously agreed that the content provided, and the number of messages
sent were apt for its intended use.

3.4.2. Pilot study

Acceptability was 100 %, and retention was 75 %. One participant
provided an incorrect phone number, resulting in their dropout. Three
participants were above 55 years old (P1, P2, and P4), and one partic-
ipant was below 40 years old (P3). The conversation flow is shown in
Table 5.

The system was able to send all text messages to the participants.
However, there were issues while sending the weekly questionnaires to
the participants. Issues with the bidirectionality of the system were later
fixed, and the third participant (P3) received and answered all the
questions. This technical issue made us not able to measure engagement
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Table 5
Example of text messages to be sent to patients who chose both physical activity
and healthy diet as target behaviors.

Date Message

12/06/ {Greetings} This week we’ll talk about nutrition. Having a balanced
2023 diet is crucial for your health. It helps better control cholesterol, blood
pressure, and blood sugar levels.
13/06/ {Greetings} Today we will review what a healthy diet is. A healthy diet
2023 includes plenty of vegetables and fruits, carbohydrates like whole-grain
bread, pasta, and rice, lean or low-fat dairy, more fish than meat, water
as needed, and contains little fat, salt, and sugar.
14/06/ {Greetings} Reducing salt in food helps keep blood pressure lower.
2023 Therefore, try using more spices and reducing the amount of salt you
use when cooking.
19/06/ {Greetings} This week we’ll talk about physical activity. Science shows
2023 that making changes to your diet and physical exercise is more effective
than prescribed medications in preventing diabetes!
20/06/ {Greetings} Reversing old habits can be difficult, so start with small
2023 things: try taking the stairs instead of the elevator, park the car further
from home, or walk!

21/06/ {Greetings} Consider reducing your sitting time by taking a walk after
2023 dinner — just 15 min of walking can make a difference!
26/06/ {Greetings} This week we’ll talk about nutrition. Getting rid of old
2023 habits is challenging, so start with simple things: try eating fruits when
you crave something sweet or drink water instead of juice.
27/06/ {Greetings} Some people find it helpful to check the sugar content on
2023 food labels when shopping. Think of ways to cut some sugars from your
diet.
28/06/ {Greetings} Today, we leave you with an idea: if you track your food
2023 choices, you’ll realize which foods can be exchanged to improve your
diet.
03/07/ {Greetings} We’re in the last week. You’ll miss these messages! Let’s
2023 focus on physical activity. If you exercise daily for 30 to 60 min, you
may be improving your health, reducing the risk of hypertension, high
cholesterol, and obesity!
04/07/ {Greetings} Today, remember that physical activity not only helps you

2023 live longer but also helps prolong your health, mental agility, and
independence for a better quality of life.
05/07/ {Greetings} It’s the small steps that lead to big changes in your health.
2023 Every step you take this week will contribute to your health.

in the first two participants.

All participants found the system suitable for their daily life due to its
simplicity. P1, P2, and P3 found the content provided useful. The par-
ticipants tried to exchange messages with the CA when there were no
questions being posed by the CA, which reveals the need to ensure bi-
directional communication in the next iteration.

P1 did not find that these messages were effective, as the diet and
physical activity were already good. P2 found the messages effective in
facilitating improved physical activity levels, noting that they served as
helpful reminders to engage in physical activity. P3 found that these
messages were encouraging and helped improve both target behaviors.
P1 did not feel the need to have a smart system that would answer any
questions. P2 and P3 expressed the belief that a more intelligent system
would be beneficial. P2 articulated the desire for personalized recipe
recommendations based on specific ingredients, while P3 proposed
leveraging Al technology for this purpose.

3.4.3. Focus group

The clinical team expressed appreciation for the solution, recog-
nizing its potential as a valuable tool to reinforce patient
recommendations.

Following the UTAUT, the latent variables that determine user
acceptance and use behavior are performance expectancy, effort ex-
pectancy, social influence, facilitating conditions, and behavior
intention.

The solution aims to improve performance expectancy by delivering
essential information to address risk factors and empower patients,
especially those not adhering to recommendations by the third month.
The effort required from the clinical team would be minimal given
system’s automation. The head doctor and head nurse represent a
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positive social influence as they have greatly influenced the adoption of
digital solutions, embedding this practice into the cardiothoracic sur-
gery service culture. Key facilitating conditions included the need for
automation given patient’s clinical history and nurse’s intervention, and
integration with the hospital’s current platforms to enhance care
efficiency.

In regard to behavior intention, the clinical team believes this solu-
tion would be beneficial after the RPM period for patients not following
recommendations. While not all patients will use it, those in need would
benefit greatly.

The nursing team suggested integrating additional targeted behav-
iors (reducing alcohol consumption, wound care, and medication
adherence), and emphasized the importance of personalization based on
the patient’s history and environment.

The team acknowledged the challenges of using AI for message
generation due to the need for accurate information. They expressed
openness to testing such a system if the hospital had the necessary
infrastructure, preferring bi-directional communication as developed
during the pilot. They favored receiving phone calls from patients for
specific explanations over focusing on patient-sent messages.

Lastly, the team suggested conducting a new study with more pa-
tients to gather evidence on the solution’s effectiveness.

4. Discussion and conclusion

This study led to the creation of a platform to send messages to help
patients enhance their self-management skills after cardiothoracic sur-
gery. The use of the DSR methodology guided the development of a
system that incorporates input from all stakeholders, may ensure the
solution’s sustainability and enabling rapid iterations over the product
[7]. By doing so, we intended to create a solution able to be generalized
to other contexts. To the best of our knowledge, no such solution has
been created within the context of cardiothoracic surgery. This article’s
primary contributions lie in detailing the process behind the develop-
ment of a platform designed for communicating post-surgery messages
to patients. It also encompasses its thorough evaluation and identified
factors crucial for enhancing its impact, including clinical team adher-
ence and patient engagement. Minor contributions include design stra-
tegies that have been used to develop such systems, the factors to be
used for personalization and the content that is perceived to be more
relevant for the clinical team.

Modifiable risk factors were unanimously seen as the most important
factors to ensure secondary prevention to the clinical team. In future
studies, modifiable risk factors should be assessed to evaluate the solu-
tion’s effectiveness.

Personalization features found at first resided on the selection of
target behaviors that could improve patient’s self-management skills, its
barriers, and facilitators to performing a specific behavior, and user
experience factors, such as, the communication channel, the timing, and
the dose. After the pilot, the clinical team found that in addition to
physical activity and a healthy diet, the system should be able to focus
also in reducing alcohol consumption, proper surgical wound care, and
medication adherence, as these are interventions they frequently
encounter. Additionally, the clinical history of the patient should
modulate the content provided to ensure patient’s safety and engage-
ment, as discussed in the focus group.

Although this solution was specifically tested in the context of
cardiothoracic surgery, we believe it has the potential to be applied in
other clinical settings. Its design allows for generalization to a variety of
diseases and acute conditions, making it adaptable to different health-
care contexts.

The pilot study had limitations, including a small sample size of 4
participants and a short intervention period of only one month. Future
studies should involve a more representative sample and include multi-
site trials to ensure the solution’s relevance for a broader population. To
better understand factors such as non-adherence, usage patterns, and
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participant needs, future research should stratify participants to define
patient profiles and explore tailored engagement strategies. Long-term
follow-up studies are needed to assess the sustained impact of the
intervention. Additionally, insights from the pilot study revealed that
some patients would like the CA to respond to more complex inquiries,
suggesting a need for bi-directional communication. Various methods,
such as rule-based models, retrieval-based models, or Al-based models,
can be employed to achieve this [24]. Implementing such a system in the
future, may improve user engagement, and the effectiveness of the
intervention.

The focus group revealed that there is the need to ensure the inter-
operability of this solution with the other service systems and platforms.
However, due to the heterogeneity of different information systems, it is
difficult ensuring the synchronous communication, exchange and use of
information effectively and efficiently [31]. Future solutions must
address various interoperability levels using the standards that have
been developed by entities as Health Level Seven [31].

LLMs are showcasing the possibility to approach human proficiency
[32]. However, LLMs are known to occasionally generate unreliable
information, in a phenomenon known as hallucination [33]. To mitigate
this risk, different methods are required to ensure the reliability of the
information provided to the end-user [34]. Retrieval-augmented
generative models can improve content accuracy by grounding re-
sponses in verified information[35]. Hallucination detectors have also
been used to mitigate these issues [36], although these models have
been having issues while running in real time, researchers are focused on
improving their latency [37].

Healthcare providers need reliable systems that can be trusted.
Therefore, future research may focus on the use of such a model to
attend to user’s needs and ensure the efficacy, interpretability, appli-
cability, robustness, scalability, privacy, fairness, and justice [38].
Specifically, human-in-the-loop approaches—where clinicians validate
or supervise Al-generated content—could further enhance safety and
trustworthiness. Moreover, ongoing model evaluation and updates will
be essential to continuously improve content safety as Al systems evolve.

In conclusion, this study marks a significant step towards enhancing
post-cardiothoracic surgery care through conversational agents. The
integration of conversational agents within the healthcare landscape
presents an avenue for personalized, effective, and accessible patient
care. Through collaboration, innovation, and a commitment to patient-
centric solutions, we strive towards a future where technology seam-
lessly augments and enhances the healthcare experience. We believe
that in the long term, this solution could improve health outcomes
through increased adherence to treatment plans, better symptom man-
agement, and an increased well-being to patients. Healthcare providers
may benefit from such a solution to automate routine communication
tasks. Moreover, integrating the system with existing platforms, as
highlighted by healthcare professionals in the focus group, could
streamline workflows, improve information access, and enhance coor-
dination across various healthcare services. Long-term, this could lead to
more efficient healthcare delivery, reduces, administrative burdens, and
improved care coordination, ultimately enhancing the quality of patient
care and system sustainability.
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pation in the study was entirely voluntary, and participants were
informed that they could withdraw at any time without any
consequence.

To minimize potential risks, a rule-based conversational agent was
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tients. If a patient sent a message outside of the predefined message plan,
the contact number for the cardiothoracic surgery department was
automatically provided to ensure prompt and accurate assistance.
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7. Summary Table

Effective self-management is essential for long-term survival and
reduced need for further interventions.

There is lack of evidence on the use of conversational agents can
enhance the recovery of patients after cardiothoracic surgery by
improving their self-management skills.

Employing iterative and co-design methods adds value to the solu-
tion, ensuring its sustainability.

This study accessed the usability, acceptability, retention, and
perceived effectiveness of the use of a conversational agent in pa-
tients after cardiothoracic surgery. Additionally, the conditions
relevant to ensure the clinical team acceptability were assessed using
qualitative methods.

It is crucial to ensure that digital solutions are seamlessly integrated
into the workflows of healthcare professionals.

Leveraging generative artificial intelligence can significantly
enhance patient engagement; however, it is crucial to ensure the
technology’s reliability and trustworthiness.
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