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Abstract
Background  
We are living in a society where 1 in 8 people has obesity. As this number continues to rise, more people are opting
for bariatric surgery (BS). This is considered to be an effective way to lose weight. However, this massive weight loss
comes with a lot of excessive skin. Excessive skin can be successfully removed through body contouring surgery
(BCS), significantly improving the patient’s quality of life.  
 
Problem 
Despite the strong connection, BS and BCS have been two separate pathways, even though 95% of the patients
undergoing BCS underwent BS before. This results in unclear expectations, inefficient information flow, and
unnecessary contact moments. 
 
Method 
To address this problem, a service design approach was taken. The current care pathway is visualized using a metro
map. Stakeholder engagement, in the form of interviews, meetings, and co-creation sessions, was used to identify
pain points and to develop a redesigned pathway.  
 
Result 
This resulted in one massive weight loss journey, where the BS and BCS pathways are combined. This improves
expectation management, information flow, and efficiency. Several changes were made to make the journey more
patient-centered, including retrieving essential patient info earlier, enabling surgeons to prepare for consultations
more effectively. Several interventions are introduced to support the redesigned pathway. 
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Introduction



We are living in a society where 1 in 8 people is obese (World Health Organization: WHO, 2025). As the trend of obesity increases,
more individuals choose BS because it is one of the most efficient treatments for severe obesity (Courcoulas et al., 2013). However,
after weight loss, 70% of individuals will experience excessive skin (Baillot et al., 2023). This excessive skin can cause physical
discomfort, hygiene issues, lower social confidence, and dissatisfaction with body image (Dijkhorst et al., 2024; Baillot et al., 2023).
And these consequences often lead to significant physical, social, and psychological challenges (Kitzinger et al., 2011).

In this context, BCS has become a vital treatment after massive weight loss rather than cosmetic surgery (Jiang et al., 2021). Multiple
studies reveal that BCS brings long-term advantages in appearance satisfaction, body image, self-esteem, physical function, and
social participation (Poulsen et al., 2023; Jiang et al., 2021; Kitzinger et al., 2011). Studies also indicate that post-BS patients who
received BCS have a much greater health-related quality of life (HRQoL) than those who did not. These improvements remained stable
for up to 10 years after surgery (Van Uittert et al., 2024; Poulsen et al., 2023; Kitzinger et al., 2011). However, in the Netherlands, 95%
of BS patients experience dissatisfaction and functional issues with excess skin, but just over 11% go on to receive BCS. Even more
striking is that almost half of the post-bariatric patients from the Netherlands do not consult a plastic surgeon at all. This indicates that
many potential medical and psychological needs remain unmet (Van Uittert et al., 2024).

At Catharina Hospital Eindhoven (CZE), about 700 cases of BS and about 100 cases of BCS procedures are being carried out every
year (Boers et al., 2025). They consider massive weight loss a long-term journey and are actively looking for a process that is patient-
centered and efficient. CZE already uses validated Patient-Reported Outcome Measures (PROMs) such as Body-Q to evaluate
quality-of-life outcomes for BCS patients (Klassen et al., 2016). Tools like the Pittsburgh Rating Scale are used to assess the condition
of excess skin. However, these evaluations are highly subjective and not standardized (Monpellier et al., 2019). The plastic surgeon
working in CZE also stated that they are exploring prediction models that could help patients manage expectations before
undergoing surgery.
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Introduction

Through literature review and stakeholder engagement, we also found that the separation between BS and BCS may lead to
fragmented information, misaligned expectation, and discontinuity of care. In this project, we explored how BS and BCS can be
effectively integrated into one continuous journey. Through a service design perspective, the project aims to improve expectation
management, information flow, and efficiency during the whole journey. Ultimately, we seek to design a more patient-centered,
predictive, coherent and efficient massive weight loss journey for CZE.
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PROMs in Massive
Weight Loss Care

Recently, HR-QoL has increasingly become an indispensable outcome in the medical field for patients, clinicians, and
policymakers (Guyatt et al., 1993). Traditionally, clinicians usually use some common objective indicators to assess the
health condition of patients, such as blood pressure, weight, and complication rates (Geerards, 2025; Field et al., 2019;
Porter, 2008). However, these measures often fail to fully reflect the patients' perception of their own health conditions
and daily activities. Patients are more concerned about physical comfort, body image, feelings, and social interactions.
This indicates a discrepancy between what clinicians have learned and the actual experiences of patients in their daily
lives (Geerards, 2025). To fill this gap, Patient-Reported Outcome Measures (PROMs) were developed to reflect patients’
experiences and the impact of treatment on their QoL (Deshpande et al., 2011). It showed that by adopting PROMs to
support patient-centered medical care, healthcare providers can focus on the aspects that are essential for making
clinical decisions for patients (Khanna & Tsevat, 2007; Field et al., 2019).

However, in terms of the long-term weight loss trajectories, the commonly used assessment indicators are often
insufficient (Klassen et al., 2014). The BODY-Q has been proven to be the most suitable and qualitative PROM to assess
HR-QoL during the process of BS and BCS (De Vries et al., 2018). It covers topics such as body image, physical,
psychological, sexual, and social well-being (Van Uittert et al., 2024). Further study also indicated that BODY-Q can
provide feedback to help medical teams improve the quality of care (Mokhtar et al., 2025).

Expectation
Management in
Massive Weight Loss
Care

Setting realistic expectations before the surgery is considered a key factor that can reduce post-surgery dissatisfaction
and depression, as well as lower the risk of regret (Dijkhorst et al., 2022). In cases of BS, many patients have incorrect
perceptions regarding weight loss, changes in appearance, and improvement of QoL. They believe that the surgery itself
can bring significant and comprehensive personal changes, resulting in dissatisfaction with the surgery (Gero et al.,
2020).

According to recent research, many patients had little information on BCS when entering BS. The survey showed that 76%
of the respondents did not know or knew very little about BCS types and the frequency post-bariatric patients undergo
BCS. Furthermore, 68% of the patients reported that after undergoing the BS, the skin laxity they experienced was much
more severe than anticipated. These findings suggest that it is necessary to clarify the problem of excessive skin and the
potential role of BCS (O’Connell et al., 2024). Moreover, patients' expectations about BCS typically focus on improving
appearance and building confidence. This emphasizes the necessity of discussing both aesthetic and functional effects
during the decision-making process. (Aldaqal et al., 2013).
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Insurance Barrier The financial problems make it even harder for people to access BCS. In the Netherlands, there are national
reimbursement standards for BCS. However, insurance companies interpret these inconsistently. This leads to unfair
access to treatment and unpredictable reimbursements. As a result, patients having the same amount of excess skin may
receive different reimbursement decisions. (Monpellier et al., 2019).

The insurance coverage of BCS is also significantly less extensive than that of BS, even though its medical indications and
benefits are recognized by clinicians (O’Connell et al., 2024). Therefore, patients are often forced to give up treatment
or pay the costs themselves. This brings them mental and financial stress during this crucial period of life transition (Azin
et al., 2014; Gusenoff et al., 2008). At the same time, many patients do not seek consultation at all due to fear of
financial burden and ineligibility. Studies further indicated that many patients underestimate the cost of BCS and wish to
obtain clear and specific education tailored to insurance coverage and financial implications (O’Connell et al., 2024).

Psychological
Vulnerability

Psychological factors play a critical role during the massive weight loss journey. Research has shown that patients who
undergo BS are more likely to experience depression, anxiety, binge eating, and self-harm compared to the general
population (Yen et al., 2014). These psychological vulnerabilities are closely tied to body image dissatisfaction and
lowered self-esteem. Such factors influence patient’s desire to undergo BCS and hesitation to seek referrals (Monpellier
et al., 2019; Van Uittert et al., 2024). In addition, although BCS can improve certain psychological outcomes, such as
anxiety and depressive symptoms, studies have shown that its effect on improving mental QoL is still less than that on
physical QoL (Azin et al., 2014). This suggests that extra psychological support is also important for patients. 8

Gaps in Pre-operative
Education

Although the importance of expectation management is widely recognized, systematic education on BCS is still lacking.
Many patients reported that they learned about BCS after BS from surgical team members, friends, or family members
rather than through standardized education. A study indicated that comprehensive preoperative consultation is vital for
patients undergoing BS. However, more than half of patients were unaware of BCS procedures or costs before
undergoing BS, again highlighting a lack of adequate education and communication (O’Connell et al., 2024).

The lack of early education also influences the consultation process. Studies revealed that in the Netherlands, many
patients who were eligible for BCS had never consulted a plastic surgeon. Reasons for this are not asking for a referral,
believing they were not qualified, or misunderstandings about reimbursement (Monpellier et al., 2019). Therefore, the
excessive skin and the physical and psychological burdens of patients remain unknown to clinicians, policymakers, and
insurance companies (Van Uittert et al., 2024).

Related Works
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The Use of Artificial
Intelligence in
Healthcare

The use of artificial intelligence (AI) in healthcare has increased in the past years. It has shown its potential in plastic and
reconstructive surgery in the prediction of treatment recommendations, postoperative complications, and surgical
planning (Liu et al., 2025).  Patients undergoing breast reconstructive surgery in breast cancer treatment expressed the
need for a more personalized outcome prediction. The use of a personalized 3D model showing a predicted surgical
outcome result in women going more confidently into the surgery (Godden et al., 2021). Another study indicated that
accurate predictions of the outcome of liposuction are possible using image-to-image translation techniques. However, it
also shows that predicting surgical outcome using medical imaging remains challenging (Kim et al., 2025).  This is in line
with research on AI models to predict the outcome of BCS. This is currently based on the before-and-after photos of
other patients. Predicting the surgical outcome using AI models shows potential to improve shared decision-making.
However, it also suggests that the generated images are realistic enough to be of real value, which is challenging (Yassa
et al., 2025). 

Related Works



Methodological
Approach



Patient and clinicial experiences
across the journey

Co-creating the digital support
tools

User Interfaces & Service Blueprint

To provide patient-centered care, this project should consider not only medical outcomes but also the distribution of information,
expectations, and responsibilities through the entire process. The patient's experience is shaped by a long-term development path of
multiple clinical disciplines, digital systems, and decision-making processes. 

Service design provides a human-centered, holistic, and iterative method that helps to approach this complexity (Patrício et al., 2020). This
project uses the Multilevel Service Design (MSD) framework, which supports system-level thinking across three layers: the service concept,
the service system, and the service encounter (Patrício et al., 2011).  It helps to understand how design decisions are positioned across
different service layers, which is illustrated in Figure 1.

CZE clinical and digital
infrastructure

Co-creation from touchpoints to
datapoints

Referral and Data Flow Logic
Designing the

service system

Design the
service encounter

Existing BS and BCS care
pathways 

Co-creation of an integrated
massive weight loss journey

Redesigned Integrated Massive
Weight Loss Care Pathway

Designing the
service concept

Understanding the
current experience

Designing the 
service offering

The final deliverable

11Figure 1: System-level understanding of the Design process (Patrício et al., 2011)

Methodological Approach
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Figure 2: Double Diamand 12

To guide the design process, the Double Diamond framework is used. This framework moves between convergent and divergent thinking
through four phases: discover, define, develop, and deliver (Van Der Wardt & Van Der Wardt, 2021). Within the first diamond, we focused on
understanding and mapping the current context. We did this by combining literature research with stakeholder engagement to iteratively
reframe the context. This resulted in a metro map of the current pathway paired with the pain points of patients and clinicians. In the
second diamond, these insights are translated into a revised care pathway with supporting interventions. This was achieved through
brainstorming solutions and interventions, followed by validation and refining through stakeholder engagement. Figure 2 shows these steps. 

Methodological Approach
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Design Process



Use Case
The goal of this design project is to redesign the care pathway for BCS after massive weight loss. To create a better
understanding of what service design entails, we had a class on service design from a service designer at the CZE. This
provided insight into the different methods and tools that can be used. 
 
Metro mapping is a tool that is often used in service design to analyze complex care processes and identify their pain points. It
helps to create a holistic visualization of the patient journey, using a multi-layer structure to show care actions, work, and
information flow, involved people, and context. Therefore, this tool was chosen to map and analyze the care pathway (Metro
Mapping, n.d.). Before this project, there was no visual map of the care pathway of the BCS available. Therefore, existing
literature, patient folders from the CZE and other hospitals, and public patient stories were used to create an understanding of
the whole trajectory. This resulted in a first draft of the care pathway (Catharina Ziekenhuis, 2024a; Catharina Ziekenhuis,
2024b; Centre for Surgery, 2025a; Centre for Surgery, 2025b;  Van Hunsel, 2025;  Martens, 2025; Velthuis kliniek, n.d.). 

The care process is complex and involves numerous different stakeholders, all with their own roles, needs, and interests. To
create insights into this, a stakeholder onion map was created, see figure 4 (Kot, 2025). As we want to improve the care
pathway for patients and clinicians, we chose to have both in the middle. We made a distinction between direct and indirect
stakeholders and between stakeholders related to the patient or surgeon or to both. We observed that direct stakeholders
mainly include clinical staff and close contacts of the patient. Indirect stakeholders can be grouped into institutional,
regulatory, ethical, and societal stakeholders. Mapping the different stakeholders supported the choice of which stakeholders
are valuable to engage in the design process. 

14



Plastic 
Surgeon

Family

member

Insurance

company

Health

regulators

Patient

Shared

Pa
tie

nt

Plastic Surgeon

Nurse

Anesthesiologist 

Dietian

Medical

photographer

Pharmacy

Peer support

groups

Psychologist

Certification 

board (NVCP)

Licensing 

authorities 

(BIG, IJG)

Bariatric

surgeon

Secretary

Board Catharina

hospital

D
ire

ct

In
di

re
ct

Employer

General

Practitioner

Ethics

comittee

Surgical

residents

(social)

media

Surgical skill

centre

Government 

Training

facilities

Patient - Provider Relationship

Figure 4: Stakeholder Onion Map

Interprofessional Relationship

 The metro map was evaluated using a multi-
stakeholder engagement approach to create
a visualization that accurately represents the
care process. This was done through a
shadow day with the plastic surgeon, a co-
creation session with different professionals,
and meetings with several stakeholders,
including a plastic surgeon, a secretary from
the plastic surgery department, a
psychologist, and an interview with a patient.
This resulted in a holistic view of the care
process, which was translated into the metro
map of the current care pathway. The metro
map can be found in Appendix 1.

15

Use Case



The Current Care Pathway
The initial aim of this project was to understand the current care pathway of body contouring
surgery. Understanding the steps the patient goes through, the steps the hospital staff takes,
and the supporting systems that make these work. The hospital did not visualize its care
pathway yet and described it as rather ‘fluid’, highlighting the need for a clear understanding
of the steps and collaborations between staff members. 
By involving and interviewing multiple stakeholders, a holistic view of the current body
contouring pathway was created in the form of a Metro Map. The pathway is divided into
different phases that the patients follow throughout their trajectory. These include:
preparation, pre-operative screening, surgery, and after-care. This is illustrated in Figure 6.

16Figure 5: Sketch to understand the current pathway 



Patients who have lost a
significant amount of weight
often deal with excessive skin.
This leads to blemishes and
mobility impairments, causing
new distress after an intensive
massive weightloss trajectory. In
these cases, the patients are
referred to the plastic surgery
department for BCS. Here they
discuss different treatment
options together with the
plastic surgeon. 

Preparation

Before the surgery can take
place, the patient has different
pre-operative screenings with
the nurse, dietitian,
anesthesiologist, and
pharmacist to prepare for the
surgery. The last advice on
medication and their diet is
given, and preferences on
anesthesia are saved to their
electronic health record.

BCS can take up to several
hours. Before starting, the
plastic surgeon draws the
operation plan on the body and
confirms it with the patient.
After the anesthesia is given,
the surgeons and nurses start
the surgery. The surgery is often
invasive, leaving a big scar. To
optimally heal, the patient will
get compression garments just
before waking up again. The
surgeon will then discuss the
surgery and give aftercare
instructions.

After the surgery, the patient
typically stays 1 or 2 nights at
the hospital, after which they
can go home. Dependent on
the surgery that is performed,
the recovery will take longer or
shorter. After 2 weeks, the
patient will have a check-up
appointment with the nurse to
evaluate their well-being.
Furthermore, the patient will
have check-ups at 3, 12, 24,
and 60 months post-operation.
At these timestamps, the
patient fills out the BODY-Q to
further track their well-being.

Pre-operative screening Surgery After-care

Figure 6: Illustration of the current pathway 17

The Current Care Pathway



Identified Pain Points &
Opportunities
We used a color-coded research wall in Appendix 2 to record key findings obtained from literature searches, communication with plastic
surgeons and psychologists, and interviews with patients. The sticky notes were categorized by themes to identify recurring issues. 
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Insurance Transparency Insurance reimbursement for BCS is complex and insurance companies interpret it inconsistently,
resulting in unequal access to the treatment.
Plastic surgeons spend a lot of time explaining reimbursement rejection.
Many post-bariatric patients never consult a plastic surgeon because of misinformation,
assumptions about ineligibility, or fear of financial burden.

Information Clarity Patients lack standardized education, so they have to learn about BCS from informal sources.
Patients have low awareness of BCS options, benefits, and requirements for eligibility.
Patients lack sufficient guidance for what to do after BS.
Education sessions are infrequent and not personalized.

Expectation Management Literature shows that many patients experience more loose skin than anticipated.
Patients often have unrealistic expectations about the duration and recovery of both bariatric
and body contouring trajectories.
Patients do not know what to expect after BCS.
The surgeons’ perceptions often differed from those of the patients.

Psychological Support Patients who undergo BS are more likely to experience depression, anxiety, and dissatisfaction,
which can directly affect their willingness to seek BCS.
Psychological support is not systematically integrated into the BCS journey.
Many patients do indeed need psychological assistance.
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Patient Data Availability Surgeons have limited information about patients who will come in.
BODY-Q incorporation in Hix system is still not optimal, which limits clinical preparation.

Clinical Workflow BS and BCS are currently treated as two separate pathways, which creates a missing transition
phase in the massive weight loss journey.
Due to the lack of a systematic pre-screening and referral process, unnecessary consultations
occurred.

Identified Pain Points & Opportunities



During the mapping of the current care pathway, pain points arose. By involving multiple additional stakeholders, an
extensive understanding of the workflow was created. Conversations with stakeholders sparked brief discussions on
why these pain points arise and what an ideal situation could be. This provided a starting point to redesign the care
pathway. While redesigning, an emphasis was placed on two directions: the expectation management of the patient
and the clinical workflow. The metro map of the redesigned pathway is presented in Appendix 3.
 
To support the redesigned care pathway as described above, several interventions were proposed. These include: 

An extension of the existing 'Mypatientjourney' app used in the bariatric trajectory 
A model, introduced during the BS screening, that uses historical patient data to predict the likelihood of
whether a patient will experience excessive skin after massive weight loss and therefore might benefit from
BCS. 
A referral form to gather patient information during the transition from BS to BCS. 
A support tool that uses historical patient data to predict the outcome of the BCS 
A patient-like-me dashboard that showcases how a patient is doing psychologically, alarming the clinicians
when they are going off track. 

Redesigning the Care Pathway

20



Highlighting one of the painpoints, we see that the clinical workflow is delayed due to incomplete
information. It burdens both the patient and the hospital staff, resulting in unnecessary contact
moments going back and forth to gather the right information. To enable changes like these in the care
pathway, information flows and the purpose of data need to be reconsidered.  

Rethinking Information Flows

21

Change the moment of collection
from after to before intake
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during transition
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Figure 7: Brainstorm on improving information flow: Data type, Goal, Interventions



Figure 8: Visual representation of the pain points we identified and the interventions we created

Painpoints

95% of the patients at BCS underwent BS. This
highlights how closely related the pathways are. Yet,
they are treated as one limiting expectation
management and  information flows.
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Interventions

Patients lack examples of the surgery, making it hard
to mentally envision the result. 

It is hard to compare the different surgery options
from just spoken words.

The patient’s body (self-image) changes again,
making it hard to deal with without support 

Patients and staff members deal with unnecessary
visits and contact moments, because of inefficient
data flows, lacking information at the right time in
the right system.

Surgeons have no idea of what type of patients they
will see in the consult

Surgeons are limited in keeping track of the patients
wellbeing

Introducing a transition phase to connect the
pathways
Likehood prediction model for BCS
Additional modules in MyPatientJourney app

Support tool - shared decision making

Support tool - shared decision making

Introducing psychological support in the body
contouring care pathway

Referral form for BS to BCS

BODY-Q dashboard

Patient-Like-Me dashboard
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Interventions

Patients lack examples of the surgery, making it hard
to mentally envision the result. 

It is hard to compare the different surgery options
from just spoken words.

The patient’s body (self-image) changes again,
making it hard to deal with without support 

Patients and staff members deal with unnecessary
visits and contact moments, because of inefficient
data flows, lacking information at the right time in
the right system.

Surgeons have no idea of what type of patients they
will see in the consult

Surgeons are limited in keeping track of the patients
wellbeing

Introducing a transition phase to connect the
pathways
Likehood prediction model for BCS
Additional modules in MyPatientJourney app

Support tool - shared decision making

Support tool - shared decision making

Introducing psychological support in the body
contouring care pathway

Referral form for BS to BCS

BODY-Q is distributed before intake
BODY-Q outcomes dashboard

Patient-Like-Me dashboard

22



Co-creation
To validate the identified pain points and evaluate the proposed
redesigned pathway and its feasibility, a co-creation session was
held. For the convenience of the participants, the co-creation was
split into 2 parts. Its structure and outcome are discussed below: 

A session with clinicians to evaluate the current and proposed
pathways, together with the proposed interventions.  
A session with service designers and an AI expert to evaluate
the technical feasibility and data flow of the proposed
interventions. 

  Validation and Refining  
A co-creation session was conducted to gather feedback on our
proposed workflow improvements and uncover unmet needs from
clinical perspectives. The session was based on co-design theory.
This theory emphasizes the importance of involving different
stakeholders to ensure that the resulting interventions are usable,
trustworthy, and aligned with the clinical context (Sanz et al., 2021).
The structure of this session was guided by Leask et al. (2019), who
propose five principles for effective co-creation: clear goal,
sampling, shared ownership, transparent procedure, and reflection.
These principles ensured that the session remained systematic and
inclusive. Figure 9: Co-creation Validation and Refining
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Participants include a bariatric surgeon and a body contouring surgeon from CZE, representing key stakeholders involved
in the massive weight loss journey. The process we proposed was as follows

In Appendix 4, the results are presented. We obtained the following insights from the participants' clinical experience: 
It is unclear how reliable AI predictions of postoperative satisfaction and affected body areas are, as current models
lack sufficiently large datasets, standardized medical images, and validated result data. 
It is important to be cautious with medical images. Taking standardized photographs too early may cause emotional
distress. 
It is necessary to consider smoking and other habits such as diet and physical activity during the preoperative
screening stage, as these factors affect BCS outcomes and recovery. 

Figure 10: Flow Co-creation Validation and Refining

Introduction

Introduction to the objectives of
this co-creation session.

Based on clinical
experience, reflect on

clinical strengths,
operational challenges, and

innovation opportunities

Present what we found and
where we are heading to

gather professional feedback
on the effectiveness, potential

risks, and areas for
optimization 

Clinical Experience Proposed Direction Wrap-up
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We also received the following feedback regarding the proposed solutions: 
For the Patient App and Information Delivery 

It is necessary to consider the issues of privacy, as patients still need to undergo double identity verification and rely on
DigiD when accessing sensitive medical information such as BODY-Q. 
It is essential to provide pre-education early, as pre-bariatric patients are not aware that the excessive skin is a
complication of massive weight loss, and they are also unaware of the information about BCS. 

For Prediction and Expectation Management 
It is beneficial to use PROMs such as BODY-Q for prediction and consultation preparation. However, patients will be
more cooperative in filling out these PROMs when they clearly understand their personal significance.
It is suggested that adding progress tracking could improve patient motivation and engagement. 

For Referral Improvement 
It is agreed that the referral form could improve efficiency, but it should not be too extensive. 
It is suggested to remove certain clinical assessments as they should be conducted during the consultation. 
Smoking-related questions should be added to support referral decisions. 

 Designing the Data Flow & Algorithm  

A data co-creation was performed to get insights into the technical feasibility of the proposed interventions, the required
data, and how to gather the data. The data definition framework created by Phillips Experience Design was used to
create a structure for the co-creation session (Aslam et al., 2022). This framework helps to think about the explicit data
needs, exploration of those needs, and the instrumental role in structuring data into concrete data requirements using a
structured approach. This includes using an experience map, such as a metro map, which is then annotated with different-
level data points, resulting in a relational model (Aslam et al., 2022). 
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Participants include two service designers and one AI expert, all working at CZE. The proposed structure of the session
was as follows:

Figure 11: Flow Co-creation  Designing the Data Flow & Algorithm 

The intention was to put sticky notes on the printed care pathway. In practice, however, the session became a group
discussion on the technical feasibility of the proposed interventions, where the existing proposed data points were
evaluated, and possible new data points were identified, after the care pathway was presented. The participants and
designers used sticky notes to write down some of their ideas, see figure 12. 

Introduction

Printed version of the
redesigned care pathway &

Interventions: prediction
likelihood, excessive skin &
surgical outcome support

tool

Required data points for
the interventions, how to

gather data, and
feasibility

Use sticky notes

Data flow of system

Brainstorm Identify Wrap-up
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The data co-creation revealed several insights about the
proposed interventions, see Appendix 5 for the complete
results: 

There is a challenge in generating an accurate image that
simulates the surgical outcome of a BC procedure, as this
requires a large data set.
It is not possible to generate a confidence score for
images generated by AI, as AI only generates images when
confident.
It is important to consider what type of images are
required to generate an accurate prediction and that they
are taken using a standardized approach. 
The combination of images and demographic data makes
a model less reliable for image-to-image models, as this
makes it too complicated. 
For the prediction likelihood model, a large part of the
required data is already gathered. The data that's not yet
collected includes skin quality, ethnicity, and smoking and
weight history and could be gathered via questionnaires or
consultation
The use of images of previous patients for an algorithm is
questionable because of privacy concerns.

These insights gave a better understanding of the required data for the service solution and were used to iterate on the proposed
interventions and to create the final data flow, ensuring its technical feasibility and fit within the hospital's constraints. 

Figure 12: Co-creation  Designing the Data Flow & Algorithm 
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Designing the Data Flow
The insights from the co-creation session were used to iterate on the previously proposed interventions. The iterations are
highlighted. The new set of interventions to support the redesigned care pathway includes: 
 

The previously proposed extension to the existing 'MyPatientJourney' app used in the BS trajectory, using extra modules
to provide information on BCS and its trajectory. 
A model, introduced during BS screening, that uses data on factors that influence the amount of excessive skin to predict
the likelihood that a new patient will experience excessive skin after massive weight loss and might benefit from body
contouring surgery. The model will use a Likert scale from 1 to 7 (McLeod, 2025). The score will be discussed during
an existing psychological consult, and when significant, meaning 4 or higher, it will then be shown in the
MyPatientJourney app. 
A referral form to gather patient information during the transition from BS to BCS to check the patient’s eligibility before
entering the BCS trajectory and optimize information flow.  
A support tool used during the BCS intake to enhance shared decision-making, using demographic data, the BODY-
Q outcomes, and surgical details from the BCS procedure of previous patients. Together, they can find the most
suitable treatment, as this tool helps to explain the possible treatments by showing the percentage of patients
with a similar profile that underwent a treatment and comparing these treatments using schematics, common
complications, and the expected trajectory. 
A dashboard for the surgeon called the patient-like-me dashboard, as proposed by the clinicians. It tracks how the
patient is doing psychologically using the BODY-Q outcomes, alarming the surgeon when these are over one standard
deviation of the mean, so they can take action by scheduling an extra consultation. The data flow of this dashboard is
shown in Figure 13.
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The data is saved to the
patient profile

The start of the BCS
trajectory is a trigger to

send out required
information 

The follow up
appointments are a trigger

to send out required
information 

OBESI-Q

BODY-Q

OBESI-Q

The data is saved to the
patient profile

Complication chance,
additional possibilities 

& recovery time 

The intake appointment is
a trigger to send out
required information 

OBESI-Q

The data points are
plotted against the results

for similar patients

It's checked if the patient
is more than one standard
deviation from the mean

When this is the case, the
surgeon gets a warning

The surgeon plans an extra
consultation with himself

or the psychologist

The data points are added
to the previously potted

results against the results
for similar patients

The data is saved to the
patient profile

BODY-Q

The data points are added
to the previously potted

results against the results
for similar patients results

for similar patients

The start of the BCS
trajectory is a trigger to

send out required
information 

BODY-Q
3, 12, 24, and 60 months

post-operation

The data is saved to the
patient profile

BODY-Q

The data points are added
to the previously potted

results against the results
for similar patients

Figure 13: Data Flow Patient Like Me
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The additional dashboards would function as an extension to a web browser. This could be implemented in the hospital
system HiX, as a link or button that would open the web browser. However, data input in the web browser may be limited due
to technical issues on data translation. The likelihood prediction model and the support tool require a more advanced
explanation of the data flow and the proposed AI model.  

As mentioned, the likelihood prediction model uses data on factors that influence the amount of excessive skin. Excessive
skin is a result of rapid weight loss, as this decreases the skin’s ability to retract (Ahmad et al., 2025). Literature research
indicated that there are many different factors that influence this. However, there is no quantitative data on the amount of
effect each factor has on the amount of excessive skin. Factors that could lead to more excessive skin include: ageing,
women, genetic factors, higher preoperative BMI, longer time of being overweight, pregnancies, smoking, diabetes,
connective tissue disorder, and hypothyroidism (Ahmad et al., 2025; Baillot et al., 2023; Black et al., 1980; Chelsea and
Westmister Hospital, n.d.;  Matsuoka et al., 1985; Themes, 2017). For patients with extreme obesity (BMI over 50), it has been
shown that the type of BS influences the amount of excessive skin (Biörserud et al., 2014). Doing exercise has a small positive
impact on the amount of excessive skin (Mia Aesthetics, 2024). The benefit of BCS is influenced by someone’s self-image
and attitude towards excessive skin (Moraes et al., 2023). Therefore, it could be valuable to include a psychological measure
in the prediction model. These factors can be categorized and include:

Likelihood prediction model 
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The model should use the data from previous patients to find patients with a similar profile to the new patients and predict
the likelihood. A meeting with an AI expert from the CZE provided insight into which types of AI models are suited for this
task. The most suitable model would be a regression model (Championsys, 2025). It would be best if this model looked for
the 10 most similar patients, as this could also provide insight into what factors are most prevalent in predicting the likelihood
of having excessive skin. The accuracy of the model increases with the number of factors. At the start, there will be a limited
amount of data, which is a risk for the prediction. Therefore, the model should first use fewer data points and could then be
extended. The data flow of the model is presented in Figure 16. The required data is almost all available. The data points
that are not yet available can be retrieved by the following methods: 

Demographics

Gender
Age

Ethnicity

Pre-operative
anthropometric data

Skin quality (elasticity)
Waist size

Height
Length

BMI

Medical hisotry

Diseases
Weight & Smoking History

Diabetes
Pregnancy
Exercising

Planned procedure

Type of bariatric surgery

Psychological
well being

BODY-Q

Figure 14: Data Points and Categories Prediction Likelihood Excessive Skin 
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During the
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Ethnicity,
smoking
history &
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Pre-intake
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using
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Figure 15: Missing data points and how to gather them
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The Electronic Health
Record (EHR) is created

The screening
appointment is a trigger to

send out required
information 

Missing required data is
obtained during the

screening consultations

The prediction likelihood
model searches for the 10

most similar cases

The likelihood if a patient
will experience excessive
skin and will benefit from

BCS is computed

The score is evaluated
during a psychological

consultation

The score is displayed in
the MyPatientJourney

application

The tool collects data if
the patient experienced

excessive skin and
underwent BCS

A patientprofile is
generated

Using info from HIX
OBESI-Q, Screening,

Eating Diary

Pre-operative
antomorphic data,
medical history &

psychological 
well-being

By looking at te 10 most
similar cases

Score between 1-7Enrich patient profile

Figure 16: Data Flow Prediction Likelihood Model 
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As before mentioned, the support tool uses data in the categories of demographics, psychological well-being, and surgical
details from the BCS. All data is already gathered, simplifying the implementation of this solution. The details on specific
data points are shown in the figure below: 

Support tool

Demographic and
anthropomorphic

data

Amount of excessive skin
Gender

Age
Height
Length

BMI

Surgical details

Most common complications
Type of procedure

Liposuction
Muscle repair

Psychological
well being

BODY-Q

Figure 17: Data Points and Categories Support Tool 
 
The model should use data gathered from previous patients to compute the percentages of similar patients undergoing a
certain treatment and the accompanying complications. The meeting with the AI expert from CZE revealed which type of
algorithm would be most suitable. To compute the percentages of similar patients, clustering would be the best approach
(Clustering, n.d.). The complexity of this type of algorithm is the speed at which the algorithm needs to compute these
percentages. A recommendation system would be most appropriate for this context (NVIDIA, n.d.). The data flow is shown in
Figure 18.
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The surgeon and patient
choose the most suitable

treatment
The tool measures how

often the most used
treatment by similar
patients matches the

treatment chosen by the
patient

The tool collects data on
complications & stay time

after surgery

Eligibility for BCS is
checked using the referal

form

If the patient is eligible
and if not yet done, the

Electronic Health Record
(EHR) is created and a

patientprofile is generated

The support tool can be
used to compare different

treatments

The support tool checks
the cluster in which the

patients is

Recommender system

Surgical outcome (schematic),
most common complications &

expected trajectory, all for
similar patients

Shared decision making

Add extra data to model
to increase accuracy

The intake appointment is
a trigger to send out
required information 

BODY-QWeight stability,
smoking, blemishes

Using info from HIX

If the patient is not
eligible, they are referred

to a specialist

The support tool shows the
percentage of similar
patients who received
each treatment option

Complication chance,
additional possibilities 

& recovery time 

Enrich patient profile

Figure 18: Data Flow Support Tool & Referral form
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Upon receiving feedback on the design interventions during the co-creations, the dashboards were
redesigned. Some of the changes that were made include:

Splitting the referral form into two phases. One that is filled in by the bariatric surgeon together with
the patient, and one that the plastic surgeon fills in during their intake with the patient. This was
needed as not all data and knowledge is available to the bariatric surgeon, and potential referrals
need to be made, adding more data.
Personalizing the patient journey. When additional referrals are needed, the patient journey alongside
needs to have these steps visualized. The plastic surgeon needs a notification that the patient has a
delay.

To improve the user experience and usability of the dashboards, two expert meetings were held. One with
a service designer from CZE and one with a UX designer. They validated the purpose of the dashboards
and provided additional feedback. Their feedback is visualized on the following page, and a detailed
feedback overview can be found in Appendix 6. Finally, the UX feedback was implemented, and the final
designs were created. 

Designing the User Interfaces

Free text Toggle Figure 19: Initial sketches of the
dashboards
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Feedback - UI
Free text needs double the space

Limit free text, make
use of pre-set metrics
to minimize errors

Yes/No questions - 
make use of a toggle

Overload of information
- chances are that

information gets
entered in the wrong

box

Try to divide the
information inputs in
different categories to
limit information
overload

Think about which
previous information
is good to know for
the surgeon

Figure 20: Initial referral form
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The User Interfaces

A referral form that helps to check the eligibility of
patients for BCS
A progress screen that helps the surgeon to keep
track of the patient’s well-being
A shared decision-making support tool to support
the BCS consult to decide on a treatment plan
A likelihood prediction model that informs the
patient about their likelihood to experience excessive
skin and therefore benefit from BCS
Additional modules to the MyPatientJourney app
for patients to get insights into their BCS journey 

After implementing the expert feedback, the final design interventions are
designed and presented in the following user interfaces. These design
interventions are:

Figure 21: Mock-up of the shared decision making screen
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Referral Forms 
Making the workflow more efficient



Referral Form
To improve the data flow and minimize unnecessary visits, a referral form was created. It is introduced in the bariatric
after-care phase and collects the necessary data needed for the insurance reimbursement form. If the patient does not
meet the requirements yet, the model will recommend the right referrals. Additional information will be filled in by the
plastic surgeon during the consultation, as not all data is previously available. For the complete referral form.

Input field for length
with predetermined

metric

Input field for weight with
predetermined metric

Provide a description about
the problematics and which
surgery is referred to

Pathway that shows how far in
the referral form you are

Disabled field that
gets calculated on
the input of weight
and length

Figure 22: Final referral form 
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Patient Monitoring
Personalizing Pathways 



The surgeon and psychologist can get insight in the patient;s progress and wellbeing in the Patient-Like-Me dashboard.
Here they see the BODY-Q outcome data which divided on the bodily and mental categories. Displayed in yellow is the
mean of similar patients, this enables a prediction possibility for the patient’s future wellbeing. Additionally, hospital staff
can get ahead of potential drops in wellbeing and support the patient. If the model detects a deviation of 1 SD, the staff
member can choose to take action, like planning an additional consult with the surgeon of psychologist.

Patient-Like-Me

Category of the BODY-Q
data

Warning when the
patient is +- 1SD
form the mean

Patient-Like-Me graph that
shows how the patient is doing
compared to the mean of
similar patients

Data point of the patient’s
BODY-Q answers

Option to take action

Future appointment details

Figure 23: Final Patient-Like-Me screen
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BODY-Q  
To prepare for a (additional) consult, staff members can take a closer look into the patient’s BODY-Q scores. It displays
the patient’s score (blue) and the mean of similar patients (grey), highlighting the need for the type of body contouring
surgery. When comparing scores, the surgeon can see the progress of satisfaction level per body part. This could
provide scientific evidence that the body contouring surgery improves the quality of life significantly.

Phase at which the BODY-Q
was completed

Compare a patient’s
scores at different
timepoints 

Division of current QoL score
and the mean of similar
patient

Patient’s BODY-Q data

Category of the BODY-Q
data

Figure 24: Final BODY-Q screen
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The shared decision making screen is a support tool that supports surgeons and patients in making a shared decision
on the treatment plan. It is build upon the patient’s answers on the BODY-Q. Based on these answers and medical data,
the model finds patients with a similar profile. Using similar patient profiles provides the opportunity to get insights in
which treatments are most common among specific patient groups. The model gives a top-3 of treatments that will be
most interesting for the patient, based on similar patient profiles. The surgeon can select two treatment options to
compare and further discuss these with the patient.

Shared Decision Making - Treatment Options

Patient information

Patient’s current score on the
BODY-Q related item

Expected 5-year score based on
similar patient data

Current page in the system

Different treatment options

Complications scale (High -
Moderate - Small)

Recovery time
per treatment

% of similar patients that
opted for this treatment

Additional possibilities that are
available for this treatment

Select button to get more
information about this
treament 

Compare button to compare
two options with additional
information

Figure 25: Final shared decision making screen, illustrating the treatment options 
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Shared Decision Making - Comparing Treatments
The surgeon can compare two treatment options with the patient to see which fits best. Here, the patient gets a visual
representation of what the results could look like post-operation. The different complications are listed per surgery,
together with how common they occur. This is done as some patients weigh complications than others, as well as
fostering expectation management. To get more information about a specific treatment, click select.   

Treatment option

Small explanation about the
treatment option

The complications
that can occur and
their likelihood in %

Select the treament to get
more information

% of similar patients that
opted for this treament

Different time stamps to see
schematics 

Schematic of a patient
undergoing a treatmentt
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Shared Decision Making - Additional Information
More information on a specific treatment is provided in this final screen. Schematics of different body types are provided
to resonate better with the patient. The patient journey is after-care focused, which provides additional information on
the recovery times to prepare the patient. To get further information about a specific step in the patient journey, click on
the block and an extended explanation will appear. 

Treatment option
Different examples on
different bodytypes

Click on a step to get
more information

The patient journey for this
specific treatment with a
focus on the after-care

Schematic of a patient
undergoing a treatment on

different timepoints
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Extending MyPatientJourney app
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Integration Within the Bariatric Pathway
During bariatric screening, we have a predictive model that outputs a 1 - 7 score on how likely it is for patients with a
similar profile to experience a serious amount of excessive skin. When the score is 4 or higher, it will unlock an after
weight loss module via a subtle pop-up. This ensures that BCS information is provided only when necessary.

BS Pathway
Overview Screen
after adding the
new module

Screening score
explanation

Figure 26: Conditional Introduction of the After Weight Loss Module

Click to enter the
"After Weight Loss"

module 

Click to enter the
"After Weight Loss"
module 

QR Code – Screening Score & After Weight Loss Module >



After Weight Loss Module
The after weight loss module gives simple and clear explanations of why skin is slack, what a normal BCS aims to
achieve, and any additional steps that may happen. It also introduces criteria of eligibility and reimbursement in an
accessible way, reducing the confusion regarding the information.
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IBCS Eligibility
Criteria

Card-style
information list

Figure 27: After Weight Loss Module – navigation structure and content

Understanding
Excessive Skin after
Weight Loss

Insurance
Coverage for BCS Timeline of BCS

Benefits of BCS



Full BCS Pathway Module
Since the patient is completely on the BCS trajectory, this app will unlock a more detailed and structured BCS pathway
module to replace the original BS pathway. Patients can obtain clear and detailed information about the four stages:
Getting Ready, Pre-operative Preparation, Surgery, and Recovery and Follow-up. And Body-Q has been securely linked to
the MyCatharina environment. Users can click the link in the App to complete it. This module helps patients smoothly
and clearly navigate through the BCS pathway.

51Figure 28: Full BCS Pathway Module

Care pathway of BCS

Different steps under
each stage

Detailed step
information screen

Body-Q access
via

MyCatharina

BCS pathway overview screen

QR Code – Full BCS Pathway & My Journey >



Personal Progress Tracking
In order to enable patients to better understand their own progress, we have added My Journey to the profile page. They
can view their current stage and the tasks they have complete. This not only helps to enhance the patients' cooperation
but also boosts their sense of control over the process and gain confidence in improving.
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My Journey
progress tracking
screen

“My Journey” entry

Figure 29: Personal Progress Tracking via My Journey

Task list
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The Service Experience
Due to the complex concept of health care, the problems spread over endless layers of involved parties. To create a
shared understanding of how the redesigned pathway and supporting interventions work, we created a service
blueprint. It is built upon different layers of involvement, ranging from clinicians and patients to systems and models
that support the backstage activities. The service blueprint revealed a complexity in time-based triggers, which
allows for personalization of the new care pathway (Service Blueprint | Service Design Tools, n.d.).  Appendix 7
shows the full version of the service blueprint.  

HiX
Ai-models & algorithms
Jive-X
MS SQL database
Relevant datapoints

Frontstage Backstage

Mijn Catharina
MyPatientJourney app
The support tool
Hospital staff members
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Validation
Expert

Client

A manager on health care quality working for Qualicore Europe was asked to look at
the redesigned care pathway from a broader institutional perspective. They were
enthusiastic about the redesign, calling it ‘an example of patient-centered care.’ They
also expressed that merging the two pathways into one massive weight loss journey
seems like a ‘good method to increase efficiency by providing the right information at
the right moment.’ 

They expressed that they found our methodology strong because it is research-based
and takes a multi-stakeholder approach. Furthermore, they said, 'Other teams that look
at improving care pathways could learn from this approach.' 

The surgeon reacted positively towards the redesigned care pathway. He expressed
the following: ‘I think this exactly matches with my ideas and expectations.' He
mentioned that the pathway is patient-centred, as he said: 'In my eyes this is really
what the patient needs.‘

He was especially enthusiastic about the PatientLikeMe dashboard and the Referral
form. He described that he thinks that the PatientLikeMe dashboard will help to
personalize the patient's trajectory. This is in line with what we envisioned. He also
mentioned that he thinks it is an accurate way to predict when a patient will
experience a mental low. About the referral form, he said: 'The secretary would highly
benefit from this, as it would make her work much easier.'

To conclude, the surgeon wants to continue with the project. Therefore, a meeting is
scheduled in January to discuss the details. 54

Manager Health Care
Quality Qualicor Europe

Plastic Surgeon
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This project aimed to redesign the care pathway of BCS after massive weight loss. After the identification
of the pain points, the focus was on improving expectation management, better patient support through
the journey, and a more efficient workflow for the clinician. The redesigned pathway combined the BS and
BCS pathways into one massive weight loss journey, addressing the issues by informing the patient about
BCS in the BS screening, optimizing the transition using the referral form, improving the intake by providing
a support tool, and adding psychological support when needed, identified by the PatientLikeMe dashboard
using the BODY-Q. 
 
We were unable to receive feedback from patients, but did receive positive feedback from the plastic
surgeon and a manager on qualitative health.  This shows the potential of the redesigned care pathway.  
 
The redesigned care pathway was achieved by a service design approach. We applied several principles to
create a holistic view of the care process, identify pain points, and translate these into opportunities,
resulting in the redesigned care pathway. The methodologies we used include metromapping and
stakeholder engagement. Insights into the clinical workflow came from the engagement of clinicians. The
methodology could have been improved by including patients in the co-creation session to align the
interventions fully with their needs and preferences. 
 
The care pathway is currently evaluated based on expert feedback. To evaluate its impact, a study could
be conducted. An idea could be to have one patient group follow the current pathway and the other
patient group follow the redesigned care pathway with the proposed interventions. In the short term, this
could provide insight into the value of the proposed interventions for both patient and clinician. In the
longer term, this could provide insight into the value of one massive weight loss trajectory. 
 
The proposed pathway focuses on the improvement of patient expectations, shared decision-making, and a
more efficient information flow. However, the financial impact has not been evaluated within this project.
This leaves whether the costs reduced by the optimized pathway outweigh the costs of additional or longer
consultations and the development of the 
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interventions. Future work should therefore evaluate the economic impact of the proposed care pathway.
This involves evaluating the costs and outcomes. Commonly used methods include cost-effectiveness or
cost-utility analysis (National Health Care Institute, 2024). This way, it can be determined whether the long-
term benefits and cost savings outweigh the additional costs to assess the value of the proposed pathway
and its accompanying interventions. 
 
Several interventions were proposed. However, not all can be implemented immediately, as they require
technical development. Therefore, it is important to prioritize interventions that can give the most value to
the patient and clinician by balancing acceptability, fidelity, and feasibility, as these are criteria to identify
which interventions to prioritize in implementation science (Klaic et al., 2022). In this context, the referral
form and extension of the PatientLikeMe application are easier to implement. The referral form provides
value to the patient and clinician by improving information flow within the transition from BS to BCS,
resulting in fewer unnecessary consults, while the application extension provides value for the patient by
offering more information on their trajectory, improving expectation management. Other interventions
require a higher level of technical development and can be considered in a later stage. 
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This project examines the massive weight loss journey. Currently,
BS and BCS are treated as separate care pathways. Through
literature research, discussion with medical teams, interviews with
a patient, and co-creation activities, we found that this separation
can result in fragmented information, unrealistic expectations,
insufficient psychological support, inefficient referrals, and limited
patient data before consultation. These challenges can affect
both patients’ experiences and clinical efficiency.

Based on these findings, the project redesigned the journey by
combining the BS and BCS into one continuous pathway. Service
design approaches were used to guide the redesign. Combining
data exploration and digital interface design, we finally
introduced early information delivery to clarify expectations,
improved the information workflow by retrieving patient
information earlier, and developed a set of interventions to
support the care pathway. Together, these elements create a
more predictable, supportive, and personalized journey for
patients undergoing a massive weight loss journey.

This project demonstrates the value of service design in complex
healthcare systems. By reframing massive weight loss as a
coherent journey, the project also provides CZE with a data-
informed and patient-centered foundation for improving clarity,
efficiency, and long-term QoL for patients.

59

Conclusion



60

Acknowledgements



We want to express our heartfelt gratitude to everyone that made this project a success. First and
foremost, Dr. Hoogbergen for his openness and passion for innovation. His enthusiasm made this project a
real pleasure, and his critical eye guided let us reflect on our own processes. We want to thank Blom for
her coaching throughout this whole project. With her Industrial Design background and expertise in service
design, she knew how to spark our interests, but also let us critically ask ourselves what we were doing
form time to time. Furthermore, we want to thank all CZE staff members that shared their experiences and
took the time to guide us through it. Lastly, Elsje, you were truly an inspiration for us to take a different
perspective on this project. 

Thank you all. 

61

Acknowlegdements



62

References



Ahmad, M., Alamgir, M., Ahmad, W., Khan, M. N. D., & Sahibzada, A. H. (2025). Prevalence of Skin Changes and Their Management After
Bariatric Surgery: A Prospective Study at International Metabolic and Bariatric Center. Pakistan Journal of Health Sciences, 119–124.
https://doi.org/10.54393/pjhs.v6i2.2715

Aldaqal, S., Makhdoum, A., Turki, A., Awan, B., Samargandi, O., & Jamjom, H. (2013). Post-bariatric surgery satisfaction and body-contouring
consideration after massive weight loss. North American Journal of Medical Sciences, 5(4), 301. https://doi.org/10.4103/1947-2714.110442

Aslam, S., Bogers, S., & Van De Star, S. (2022). From Touchpoints to Datapoints: A data definition framework for enabling and measuring
experiences. ResearchGate.
https://www.researchgate.net/publication/365777634_From_Touchpoints_to_Datapoints_A_data_definition_framework_for_enabling_a
nd_measuring_experiences

Azin, A., Zhou, C., Jackson, T., Cassin, S., Sockalingam, S., & Hawa, R. (2014). Body Contouring Surgery after Bariatric Surgery. Plastic &
Reconstructive Surgery, 133(6), 776e–782e. https://doi.org/10.1097/prs.0000000000000227

Baillot, A., Brunet, J., Lemelin, L., Gabriel, S. A., Langlois, M., Tchernof, A., Biertho, L., Rabasa-Lhoret, R., Garneau, P. Y., Aimé, A., Bouchard,
S., Romain, A. J., & Bernard, P. (2023). Factors Associated with Excess Skin After Bariatric Surgery: a Mixed-Method Study. Obesity Surgery,
33(8), 2324–2334. https://doi.org/10.1007/s11695-023-06698-w

Biörserud, C., Olbers, T., Søvik, T. T., Mala, T., Elander, A., & Olsén, M. F. (2014). Comment on: Experience of excess skin after gastric bypass
or duodenal switch in patients with super obesity. Surgery for Obesity and Related Diseases, 10(5), 891–896.
https://doi.org/10.1016/j.soard.2014.01.033

Black, C. M., Gathercole, L. J., Bailey, A. J., & Beighton, P. (1980). The Ehlers-Danlos syndrome: an analysis of the structure of the collagen
fibres of the skin. British Journal of Dermatology, 102(1), 85–96. https://doi.org/10.1111/j.1365-2133.1980.tb05675.x

Boers, M. J., Geerards, D., & Hoogbergen, M. M. (2025). Preoperative Markings and Incisions in Body Contouring Surgery. Plastic &
Reconstructive Surgery Global Open, 13(3), e6651. https://doi.org/10.1097/gox.0000000000006651

63



Catharina Ziekenhuis. (2024a, January 30). Buikwandcorrecties na massief gewichtsverlies (Folder) ; Catharina Ziekenhuis.
https://www.catharinaziekenhuis.nl/patientenfolders/buikwandcorrecties-na-massief-gewichtsverlies-pla-024/

Catharina Ziekenhuis. (2024b, January 30). Liposculpture: correctie van de contouren van het lichaam (Folder); Catharina Ziekenhuis.
https://www.catharinaziekenhuis.nl/patientenfolders/liposculpture-correctie-van-de-contouren-van-het-lichaam-pla-020/

Centre for Surgery. (2025a, June 18). Body Contouring Procedures - The Ultimate Guide. https://centreforsurgery.com/body-contouring-
procedures-the-ultimate-guide/

Centre for Surgery. (2025b, October 27). Body Lift Surgery After Massive Weight Loss - What to Expect.
https://centreforsurgery.com/body-lift-surgery-after-massive-weight-loss/

Championsys. (2025, February 17). What is AI regression model and how can use it - Championsys. Championsys.
https://championsys.com/what-is-ai-regression-model/

Chelsea and Westmister Hospital. (n.d.). Understanding Loose Skin Following Rapid Weight Loss Post-Bariatric Surgery [Slide show]. Bariatric
surgery service. https://www.chelwest.nhs.uk/services/surgery/weight-loss-surgery/loose-skin-resource-final.pdf?utm

Clustering. (n.d.). H2o. https://h2o.ai/wiki/clustering/

Courcoulas, A. P., Christian, N. J., Belle, S. H., Berk, P. D., Flum, D. R., Garcia, L., Horlick, M., Kalarchian, M. A., King, W. C., Mitchell, J. E.,
Patterson, E. J., Pender, J. R., Pomp, A., Pories, W. J., Thirlby, R. C., Yanovski, S. Z., & Wolfe, B. M. (2013). Weight change and health outcomes
at 3 years after bariatric surgery among individuals with severe obesity. JAMA, 310(22), 2416–2425.
https://doi.org/10.1001/jama.2013.280928

De Vries, C. E. E., Kalff, M. C., Prinsen, C. a. C., Coulman, K. D., Haan, C. D., Welbourn, R., Blazeby, J. M., Morton, J. M., & Van Wagensveld, B.
A. (2018). Recommendations on the most suitable quality‐of‐life measurement instruments for bariatric and body contouring surgery: a
systematic review. Obesity Reviews, 19(10), 1395–1411. https://doi.org/10.1111/obr.12710

64



Deshpande, P., Rajan, S., Sudeepthi, B., & Nazir, C. A. (2011). Patient-reported outcomes: A new era in clinical research. Perspectives in
Clinical Research, 2(4), 137. https://doi.org/10.4103/2229-3485.86879

Dijkhorst, P. J., De Vries, C. E. E., Mou, D., Poulsen, L., Sørensen, J. A., Hoogbergen, M. M., Van Veen, R. N., Klassen, A. F., & Pusic, A. L.
(2022). Quantifying patients’ expectations prior to bariatric surgery with the BODY‐Q in an international multicentre cohort. Clinical
Obesity, 13(1), e12555. https://doi.org/10.1111/cob.12555

Dijkhorst, P. J., Monpellier, V. M., Terwee, C. B., Liem, R. S. L., Van Wagensveld, B. A., Janssen, I. M. C., Ottosson, J., Halpern, B., Flint, S. W.,
Van Rossum, E. F. C., Saadi, A., West-Smith, L., O’Kane, M., Halford, J. C. G., Coulman, K. D., Al-Sabah, S., Dixon, J. B., Brown, W. A., Salas, X.
R., . . . De Vries, C. E. E. (2024). Core Set of Patient-Reported Outcome Measures for Measuring Quality of Life in Clinical Obesity Care.
Obesity Surgery, 34(8), 2980–2990. https://doi.org/10.1007/s11695-024-07381-4

Field, J., Holmes, M. M., & Newell, D. (2019). PROMs data: Can it be used to make decisions for individual patients? A narrative review.
Patient Related Outcome Measures, Volume 10, 233–241. https://doi.org/10.2147/prom.s156291

Geerards, D. (2025). Patient-reported outcome measures in body contouring surgery. https://doi.org/10.26481/dis.20250320dg

Gero D, File B, Hinrichs N, Mueller M, Ulbert I, Somogyvári Z, Bueter M. Mental and emotional representations of "weight loss": free-word
association networks in members of bariatric surgery-related social media communities. Surgery for Obesity and Related Diseases. 2020
Sep;16(9):1312-1320. doi: 10.1016/j.soard.2020.05.032. Epub 2020 Jun 11. PMID: 32665114.

Godden, A. R., Micha, A., Wolf, L. M., Pitches, C., Barry, P. A., Khan, A. A., Krupa, K. D. C., Kirby, A. M., & Rusby, J. E. (2021). Three-dimensional
simulation of aesthetic outcome from breast-conserving surgery compared with viewing photographs or standard care: randomized clinical
trial. British Journal of Surgery, 108(10), 1181–1188. https://doi.org/10.1093/bjs/znab217

Gusenoff, J. A., Messing, S., O’Malley, W., & Langstein, H. N. (2008). Patterns of Plastic Surgical Use after Gastric Bypass: Who Can Afford It
and Who Will Return for More. Plastic & Reconstructive Surgery, 122(3), 951–958. https://doi.org/10.1097/prs.0b013e3181811c55

65



Guyatt, G. H., Feeny, D. H., & Patrick, D. L. (1993). Measuring Health-Related Quality of Life. Annals of Internal Medicine, 118(8), 622–629.
https://doi.org/10.7326/0003-4819-118-8-199304150-00009

Jiang, Z., Zhang, G., Huang, J., Shen, C., Cai, Z., Yin, X., Yin, Y., & Zhang, B. (2021). A systematic review of body contouring surgery in post‐
bariatric patients to determine its prevalence, effects on quality of life, desire, and barriers. Obesity Reviews, 22(5), e13201.
https://doi.org/10.1111/obr.13201

Khanna, D., & Tsevat, J. (2007). Health-related quality of life--an introduction. The American Journal of Managed Care, 13(9), S218-23.
https://pubmed.ncbi.nlm.nih.gov/18095785/

Kim, M., Byeon, J., Chang, J., & Youm, S. (2025). Predicting Post-Liposuction Body Shape Using RGB Image-to-Image Translation. Applied
Sciences, 15(9), 4787. https://doi.org/10.3390/app15094787

Kitzinger, H. B., Abayev, S., Pittermann, A., Karle, B., Bohdjalian, A., Langer, F. B., Prager, G., & Frey, M. (2011). After Massive Weight Loss:
Patients’ Expectations of Body Contouring Surgery. Obesity Surgery, 22(4), 544–548. https://doi.org/10.1007/s11695-011-0551-6

Klaic, M., Kapp, S., Hudson, P., Chapman, W., Denehy, L., Story, D., & Francis, J. J. (2022). Implementability of healthcare interventions: an
overview of reviews and development of a conceptual framework. Implementation Science, 17(1), 10. https://doi.org/10.1186/s13012-021-
01171-7

Klassen, A. F., Cano, S. J., Alderman, A., Soldin, M., Thoma, A., Robson, S., Kaur, M., Papas, A., Van Laeken, N., Taylor, V. H., & Pusic, A. L.
(2016). The BODY-Q: A Patient-Reported Outcome Instrument for Weight Loss and Body Contouring Treatments. Plastic & Reconstructive
Surgery Global Open, 4(4), e679. https://doi.org/10.1097/gox.0000000000000665

Klassen, A. F., Cano, S. J., Scott, A., Tsangaris, E., & Pusic, A. L. (2014). Assessing Outcomes in Body Contouring. Clinics in Plastic Surgery,
41(4), 645–654. https://doi.org/10.1016/j.cps.2014.06.004

Kot, K. (2025, January 17). Identifying Stakeholders with the Onion Model. BA Coach. https://bacoach.nl/2025/01/identifying-stakeholders-
with-the-onion-model/

66



Leask, C. F., Sandlund, M., Skelton, D. A., Altenburg, T. M., Cardon, G., Chinapaw, M. J. M., De Bourdeaudhuij, I., Verloigne, M., & Chastin, S.
F. M. (2019). Framework, principles and recommendations for utilising participatory methodologies in the co-creation and evaluation of
public health interventions. Research Involvement and Engagement, 5(1), 2. https://doi.org/10.1186/s40900-018-0136-9

Liu, A., Liyanage, A., Chen, B., Deptula, P., & Murariu, D. (2025). Artificial intelligence use in abdominal wall reconstruction: a systematic
review. Artificial Intelligence Surgery, 5(3), 425–433. https://doi.org/10.20517/ais.2025.01

Martens, J. (2025, June 12). Buikwandcorrectie | Esthetisch Centrum Jan van Goyen. Esthetisch Centrum Jan Van Goyen.
https://kliniek.ecjanvangoyen.nl/buikwandcorrectie/?
gad_source=1&gad_campaignid=22154481026&gbraid=0AAAAApnpc9tpATzpN_Ls_l9JGn0fw2VXF&gclid=Cj0KCQiAgP_JBhD-
ARIsANpEMxwkrJzws6divSLHp_1SukVRdHwd876Mreblxm2czPrw_aNyULoRF8caAjwsEALw_wcB

Matsuoka, L. Y. (1985). Altered skin elastic fibers in hypothyroid myxedema and pretibial myxedema. Archives of Internal Medicine, 145(1), 117.
https://doi.org/10.1001/archinte.1985.00360010153024

McLeod, S. (2025, November 10). Likert Scale Questionnaire: Examples; Analysis. Simply Psychology.
https://www.simplypsychology.org/likert-scale.html

Metro Mapping. (n.d.). Metro Mapping - De zorg verbeteren met Metro Mapping. https://metromapping.org/en/

Mia Aesthetics. (2024, October 15). Exercises to Tighten Loose Skin After Weight Loss | Mia Aesthetics.
https://miaaesthetics.com/conditions/loose-skin-after-weight-loss/exercises/

Mokhtar, J., Akbarpoor, F., Hadi, M., Machado, G. F., Blanco, K., Di Martino, L. G., Lellouch, A. G., Gurunian, R., Kreutz-Rodrigues, L., & Bishop,
S. N. (2025). Patient Reported Outcome Measures Following Post-Bariatric Body Contouring: A Systematic Review and Meta-analysis.
Plastic & Reconstructive Surgery. https://doi.org/10.1097/prs.0000000000012544

Monpellier, V. M., Antoniou, E. E., Mulkens, S., Janssen, I. M. C., Jansen, A. T. M., & Van Der Molen, A. B. M. (2019). Body Contouring Surgery
after Massive Weight Loss: Excess Skin, Body Satisfaction, and Qualification for Reimbursement in a Dutch Post–Bariatric Surgery Population.
Plastic & Reconstructive Surgery, 143(5), 1353–1360. https://doi.org/10.1097/prs.0000000000005525

67



Moraes, C. M. B., Rechia, G. C., Da Costa Alvarez, G., Marques, C. T., De Moura, D. S., & Antoniazzi, R. P. (2023). Qualidade de vida e
imagem corporal após cirurgia bariátrica e de contorno corporal. Revista Brasileira De Cirurgia Plástica, 38(3).
https://doi.org/10.5935/2177-1235.2023rbcp0720-pt

National Health Care Institute. (2024, January). Guideline for economic evaluations in healthcare | National Health Care Institute.
https://english.zorginstituutnederland.nl/about-us/working-methods-and-procedures/guideline-for-economic-evaluations-in-healthcare

NVIDIA. (n.d.). What is a Recommendation System? NVIDIA Data Science Glossary. https://www.nvidia.com/en-
us/glossary/recommendation-system/

O’Connell, G., Shih, S., Shui, M., Krikhely, A., Bessler, M., & Rohde, C. H. (2024). The financial toxicity of postbariatric body contouring
surgery: a survey study of an urban tertiary care center’s patients. Surgery for Obesity and Related Diseases, 20(8), 752–758.
https://doi.org/10.1016/j.soard.2024.02.003

Patrício, L., Fisk, R. P., Cunha, J. F. E., & Constantine, L. (2011). Multilevel Service Design: From Customer Value Constellation to Service
Experience Blueprinting. Journal of Service Research, 14(2), 180–200. https://doi.org/10.1177/1094670511401901

Patrício, L., Sangiorgi, D., Mahr, D., Čaić, M., Kalantari, S., & Sundar, S. (2020). Leveraging service design for healthcare transformation:
toward people-centered, integrated, and technology-enabled healthcare systems. Journal of Service Management, 31(5), 889–909.
https://doi.org/10.1108/josm-11-2019-0332

Porter, M. E. (2008). Value-Based Health Care Delivery. Annals of Surgery, 248(4), 503–509. https://doi.org/10.1097/sla.0b013e31818a43af

Poulsen, L., Rae, C., Simonsen, N., Klassen, A. F., Lorenzen, M., Rose, M., Juhl, C. B., Støving, R. K., Cano, S. J., Andries, A., Pusic, A. L., &
Sorensen, J. A. (2023). Body Contouring Surgery Improves Long-Term Satisfaction with Appearance and Health-Related Quality of Life after
Bariatric Surgery. Plastic & Reconstructive Surgery, 151(6), 1307–1316. https://doi.org/10.1097/prs.0000000000010165

Sanz, M. F., Acha, B. V., & García, M. F. (2021). Co-Design for People-Centred Care Digital Solutions: A Literature Review. International
Journal of Integrated Care, 21(2), 16. https://doi.org/10.5334/ijic.5573

68



Service Blueprint | Service Design Tools. (n.d.). Service Design Tools. https://servicedesigntools.org/tools/service-blueprint

Themes, U. (2017, April 11). Excessive Skin after Massive Weight Loss: Body Contouring and Bariatric Surgery. Abdominal Key.
https://abdominalkey.com/excessive-skin-after-massive-weight-loss-body-contouring-and-bariatric-surgery/?utm

Van Der Wardt, R., & Van Der Wardt, R. (2021, June 10). Double Diamond Model (nieuwe versie): uitleg bij de 4 fases. Design Thinking
Training & Workshop. https://designthinkingworkshop.nl/double-diamond/

Van Hunsel, D. (2025, November 19). Monika valt na maagoperatie 44 kilo af: ‘Had ik dit maar veel eerder gedaan’; Catharina Ziekenhuis.
Catharina Ziekenhuis. https://www.catharinaziekenhuis.nl/monika-valt-na-maagoperatie-44-kilo-af-had-ik-dit-maar-veel-eerder-
gedaan/

Van Uittert, G., Hoogbergen, M., Beaudart, C., Li, N., Boers, M., & Hiligsmann, M. (2024). Patients’ health related quality of life after massive
weight loss reconstruction in the Netherlands. Expert Review of Pharmacoeconomics & Outcomes Research, 25(4), 517–526.
https://doi.org/10.1080/14737167.2024.2393328

Velthuis kliniek. (n.d.). Buikwandcorrectie | Velthuis kliniek. Velthuis Kliniek.
https://www.velthuiskliniek.nl/behandelingen/buikwandcorrectie/?_gl=1*bc4c8k*_up*MQ..*_gs*MQ..&gclid=CjwKCAiA0eTJBhBaEiwA-
Pa-
haw_0d276vgD_vWXedXGGaNul44dhtTnyL4xQUe1bfq9ORvpdHhUZxoC0G0QAvD_BwE&gbraid=0AAAAAD2_a5HQwsIibPPwt5Zt5hcfxmkhx

World Health Organization: WHO. (2025, December 8). Obesity and overweight. https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight

Yassa, A., Akhavan, A. A., Ayad, S., & Ayad, O. (2025). AI in Cosmetic Surgery: A New Look at Virtual Abdominoplasty and Buttock
Augmentation. Eplasty, 25, e3.

Yen, Y., Huang, C., & Tai, C. (2014). Psychiatric aspects of bariatric surgery. Current Opinion in Psychiatry, 27(5), 374–379.
https://doi.org/10.1097/yco.0000000000000085

69



70

Appendix


