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Abstract
Clinical  decision-making  for  individuals  undergoing  valvular  and  aortic  surgery  remains
challenging, particularly in young patients facing lifelong risk and repeated interventions.
As predictive technologies such as artificial intelligence and advanced statistical modelling
evolve, the surgical community must ensure that key foundational elements, namely data
governance,  including  data  standardization,  and regulation,  are  firmly  in  place.  Without
high-quality,  standardized,  and  ethically  governed  data,  predictive  models  risk  offering
misleading  guidance  rather  than  meaningful  personalization.  While  data  governance
ensures  the  scientific  robustness  of  predictive  technologies,  shared  decision-making
(SDM) ensures these innovations remain closely aligned with the lived experiences, values,
and  preferences  of  individual  patients.  This  perspective  emphasizes  that  advancing
decision-making  in  aortic  surgery  requires  deliberate  investment  in  building  data
ecosystems and fostering SDM communication practices, ensuring that innovation is both
scientifically sound and truly responsive to patient needs.
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INTRODUCTION
Selecting the optimal treatment for patients with aortic and valvular disease requires integrating scientific

evidence from trials and large databases with the unique clinical profile and informed preferences of each

patient. Historically, many therapeutic decisions were based on a “one-size-fits-all” approach, largely due to

challenges in appropriate patient risk stratification, timing of surgery, anatomical variability, surgical

treatment options, and capturing informed patient preferences.

This complexity becomes especially apparent in certain clinically relevant scenarios. For example, when

managing a patient with mild aortic root dilation and severe aortic regurgitation, should the aortic root be

replaced despite no clear surgical indication? Or how should we respond to a patient with a 45-millimeter

ascending aortic aneurysm who insists on surgery to eliminate the “ticking time bomb” anxiety?

This paper aims to identify the key challenges for the surgical community in generating evidence based on

big data and integrating it with individual patient needs and preferences, highlighting focus points for further

efforts in the personalization (research) of the management of aortic and valvular disease.

TECHNICAL INNOVATION: FOCUS ON DATA GOVERNANCE
Recent literature has highlighted the potential of advanced statistical models, machine learning, and artificial

intelligence (AI) to advance patient-specific treatment planning
[1]

. In 2022 alone, the Food and Drug

Administration approved more than 100 AI algorithms/devices
[2]

. However, for these AI-based solutions to

succeed, they must be supported by foundational elements provided by clinicians with domain knowledge

and insight into the surgical community. Commonly captured under the umbrella term “Data Governance”,

this concept encompasses the system of decision rights and accountabilities for information-related

processes, implemented according to agreed-upon models that specify who can take which actions with what

information, when, under what circumstances, and using what methods
[3]

. Several subcategories of data

governance may need specific attention from the aortic surgical community: Data Ethics and Privacy, Data

Standardization, and Data Access and Policies.

(Big) Data ethics and privacy

Apart from conventional risk factors such as age, sex and comorbidities, current evidence is increasingly

pointing towards novel risk factors, such as aortic length, tissue characteristics that can help optimize

patient-tailored disease management
[4]

. In the context of big data research, researchers often do not know in

advance which risk factors will prove relevant, requiring the collection of a wide range of potential variables,

potentially by linking different datasets. However, traditional informed consent models, originally designed

for clinical research, are not well-suited to the demands of big data studies
[5]

. Ethical and legal communities

are actively reexamining consent and privacy frameworks
[6]

. A pressing practical challenge is the lack of

consensus among ethical review boards, with differing interpretations of ethical data collection threatening

the cross-institutional collaboration crucial for building robust big data repositories. Therefore, it is essential

for the surgical community to engage proactively in these discussions, ensuring that research feasibility,

collaboration, and the promotion of public good are appropriately balanced against the potential risks

associated with large-scale data collection.

Data standardization

Beyond harmonizing ethical and legal standards, the standardization of the data itself is a critical prerequisite

for the success of big data research initiatives. Variability in how data are collected, labeled, measured, and

stored across different centers can severely limit the interoperability and comparability of datasets.

Establishing consensus on core data elements, uniform measurement protocols, and shared ontologies is
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therefore essential not only for facilitating collaboration but also for ensuring scientific reproducibility, data

quality, and patient safety. Domain experts (clinicians) should be deeply involved in these standardization

efforts. A recently developed standard set for aortic and heart valve disease by the International Consortium

for Health Outcomes Measurement (ICHOM) spearheads these efforts, and was achieved by a close

collaboration of researchers, clinicians and patients
[7]

. Similarly, the Observational Medical Outcomes

Partnership (OMOP) Common Data Model (CDM) provides a standardized framework for structuring

observational data, enabling its effective use in AI and machine learning applications to better predict patient

outcomes
[8]

.

Data access and policies

Broad collaborations including national and international databases have already significantly contributed to

research regarding aortic and valvular surgery and provided some patient-specific outcomes that can be used

for patient-tailoring. Examples include the Heart Valve Society Aortic Valve database and the European

Association of Cardiothoracic Surgery Adult Cardiac Database
[9,10]

. Transparent access mechanisms in these

databases, with opt-out options for data suppliers, enhance trust and enable impactful big data research. For

example, findings from these large datasets have altered clinical practice: there was previously reluctance to

repair bicuspid aortic valves due to concerns about repair durability. However, newer evidence demonstrates

that bicuspid aortic valve repair can yield outcomes comparable to tricuspid aortic valve repair, resulting in

greater acceptance and expanded surgical indications
[11]

.

With these foundational elements firmly established, true advances in AI and machine learning to predict

individualized outcomes are in the immediate future.

SOCIAL INNOVATION: FOCUS ON IMPLEMENTING SHARED DECISION-MAKING IN CLINICAL
PRACTICE
While technological advances offer powerful tools, their full potential will only be realized through a

complementary social innovation: shared decision-making (SDM).

Eric Topol, in his book Deep Medicine, envisions a transformative future where clinicians spend less time on

administrative tasks and more time in meaningful patient dialogue
[12]

. Achieving this vision, however,

demands a fundamental shift in clinician and patient behavior. Communication must be prioritized

alongside data-driven clinical reasoning.

Predictive modeling and AI-driven tools can enhance personalized risk assessments, such as modeling the

likelihood of aortic rupture, but they cannot replace discussions of a patient’s unique values and fears. A

predictive model may recommend watchful waiting for a 45 mm aortic root aneurysm; yet, if a patient

experiences significant anxiety, early surgery might better align with their personal goals. Few practical

examples of advanced technologies such as AI and digital twins exist in current practice for patients with

aortic disease. A recent case study demonstrated it is possible to use digital twins to help plan aortic

replacement procedures
[13]

. Another example is the use of deep learning algorithms to automatically measure

the aortic geometry, to achieve standardized and reproducible measurements
[14]

.

Structured frameworks, such as patient portals, decision aids, and Patient-Reported Outcome Measures

(PROMs)/Patient-Reported Experience Measures (PREMs), are essential for embedding SDM in daily

practice. Decision aids, in particular, have been shown to help both patients and clinicians engage more

effectively
[15]

.

A practical model by Stiggelbout et al. outlines four key steps for SDM
[16]

:
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1. Inform the patient that a decision needs to be made and that their input is crucial.

2. Explain the available options, including benefits and risks.

3. Elicit and discuss the patient's values and preferences.

4. Make or defer the decision based on the patient's informed preferences.

Successful implementation demands dedicated education, training, and resource allocation, fostering

communication competencies crucial for truly personalized aortic management.

CONCLUSION
Driving innovation in aortic surgery requires a wider focus than technological algorithms alone; it also

requires a dual investment in data ecosystems and human-centered communication. By prioritizing clinician

engagement in data governance and training in SDM, we can ensure that future advances are both

scientifically robust and truly responsive to individual patient needs and values.
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