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Aims Patients with abdominal aortic aneurysms and peripheral arterial disease (arterial vascular diseases) carry a high disease bur-
den and are likely to experience cardiovascular events. Novel strategies using artificial intelligence could identify which pa-
tients with arterial vascular diseases are at high risk of cardiovascular disease progression. Structured data dictionaries are
needed to ensure high-quality, unbiased, and ethically sound data input for artificial intelligence models. The aim of this study
was to obtain expert consensus-based data dictionaries that adhere to applicable ethical guidelines to support research on
arterial vascular diseases.

Methods The data dictionaries were created through a modified Delphi approach to achieve consensus among key opinion leaders in

and results the cardiovascular field. First, data requirements were defined and variable longlists were created per disease through a lit-
erature review. Secondly, written feedback rounds were held. Lastly, face-to-face meetings were held to establish consensus
on the final data dictionaries. During the whole process, ethical and legal experts on trustworthy artificial intelligence were
involved to ensure adherence to corresponding guidelines and laws. The aneurysm data dictionary contains 312 variables,
and the peripheral arterial disease data dictionary contains 325 variables. A total of 16 clinical experts were involved in the
creation, including 12 vascular surgeons, two vascular medicine specialists, one cardiologist, and one gastroenterology sur-
geon and digital health expert.

Conclusion Two expert consensus-based data dictionaries for use in clinical and artificial intelligence research on arterial vascular dis-
eases were created, developed for application in research on predicting disease progression and cardiovascular risk.
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Graphical Abstract
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Methods

Standardized data dictionaries for artificial intelligence (Al) research on abdominal
aortic aneurysms (AAA) and peripheral arterial disease (PAD) are lacking

m AAA and PAD data dictionaries based on guidelines and reporting standards
(34 )

@%@ Consensus achieved with 16 experts ranging from vascular surgeons to Al and ethical experts from

=" 7 European countries

Findings

_‘9’_ Expert consensus-based AAA and PAD data dictionaries for Al research were established,

with the main categories:
@ Demographics
0 AAA-related information
e Other vascular history

Cardiac history

0 Comorbidities

@ Social/economic status

@ Substance use
@ General health

Abdominal aortic aneurysm  Peripheral arterial disease ® Clinical data dictionary e Artificial intelligence ® Expert

consensus

Introduction

Peripheral arterial disease (PAD) and abdominal aortic aneurysms
(AAA) are diseases of the arterial vasculature, primarily caused by ath-
erosclerosis, which contribute to a high global burden of disease.’
Prevalence of PAD s increasing due to an ageing population.?
Moreover, patients with PAD and AAA are at higher risk of developing
major adverse cardiovascular events than the general population.>™
Some risk factors, in particular lifestyle-related factors (smoking, de-
creased exercise, unhealthy diet), genetics, and comorbidities (hyper-
tension, hypercholesterolaemia), are known to be associated with
PAD and AAA and may cause cardiovascular disease or promote on-
going cardiovascular disease progression.*® Despite current recom-
mendations for cardiovascular risk management, disease progression
is still prominent.®® This emphasizes the need for development of novel
strategies to identify which AAA and PAD patients are at high risk of
cardiovascular disease progression and for whom intervention could
be effective.

One promising development is the use of artificial intelligence (Al) to
aid in clinical decision making and gaining insight into disease aetiology
and progression. Atrtificial intelligence enables computer systems to
simulate human intelligence and is able to learn from historical data
and make predictions.'® The past decade has seen a rise in the use of

0000060

Family history
Vital parameters
Blood test results
Microbiology test results
Medication
Diagnostic tests
Imaging data

AAA intervention information

Al'in clinical research in various applications due to its ability to process
large quantities of data effec‘cively.”'12 This allows for relatively rapid
identification of correlations in extensive datasets (popularly known
as ‘big data’) that are too large or complex to be dealt with by tradition-
al data-processing software. When developing an Al model, only high-
quality data should be provided to build a reliable model."® This is espe-
cially challenging in cases where medical data are retrieved from elec-
tronic health record resources, which are bound to be heterogenous
in format."" For this reason, structured data collection, using a struc-
tured data repository and data management plan, is needed.

When training data are of poor quality, biased, and ethically unsound,
or otherwise contain incorrect or misleading information, the Al model
will learn and potentially reinforce those ingrained biases and/or inac-
curacies."™" If such an Al model would be applied in the healthcare do-
main, this could adversely affect patients. This may potentially
jeopardize their fundamental rights as enshrined in the EU Charter of
Fundamental Rights (ECFR), such as the rights to life (Art. 2 ECFR)
and non-discrimination (Art. 21 ECFR). Aimed at protecting these
and other fundamental rights, the EU Ethics Guidelines for
Trustworthy Al identified key requirements for Trustworthy Al'®
The EU Al Act (2024) was built on these key requirements, laying
down stringent regulatory requirements and obligations for training,
testing, and validating data used in ‘high-risk’ Al systems.'” The
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importance of carefully selecting which variables to include in the Al
model cannot, therefore, be understated and must be respected.

In literature, reporting standards have been created in an attempt to
homogenize definitions and outcomes in the domain of vascular
surgery.’®2 While these reporting standards may be used as guidance
for the development of Al tools, they did not consider the EU Ethics
Guidelines for Trustworthy Al as these were generated prior to publi-
cation of these standards. Moreover, these standards were developed
with registries or clinical trials in mind; hence, they may not be applic-
able in studies using ‘big data’ or Al applications, since these require
‘data dictionaries’. Data dictionaries for use in clinical Al applications
are comprehensive lists of variables known to be related to the disease,
which also consider social as well as clinical factors potentially related to
the disease, while reporting standards include only factors known to be
related to the disease.

To our knowledge, no input variable standards have yet been devel-
oped for use in the development of Al models to enable reliable clinical
predictions for patients with PAD and AAA who do not (yet) require
an intervention. The aim of this study was to design data dictionaries fit
for use in the VASCUL-AID studies to collect electronic health record
(EHR) data to standardize (Al) research on AAA and PAD to ensure
completeness and to minimize selection bias. Artificial intelligence has
the potential to find meaningful correlations in an extensive dataset,
identifying novel risk factors (from demographic information to labora-
tory values) related to disease progression. This is especially important
since disease progression in individual patients cannot be accurately
predicted with known risk factors. Risk factors of exceptional inter-
est are those that are modifiable, such as lifestyle factors. The data
dictionaries have been developed for use in retrospective EHR
data collection and as a basis for EHR data collection in prospective
studies, for which patient-reported outcomes (PROs) and patient-
reported outcome measures (PROMs) are recommended to be
added. The VASCUL-AID project is a European collaboration pro-
ject of 14 centres, which aims to establish an Al-driven platform in-
cluding a mobile health application to predict cardiovascular disease
progression.** Ethical and legal experts were involved to ensure ad-
herence to the key requirements of the EU Al Act and other relevant
regulations. The data dictionaries can also be used in other cardio-
vascular Al prediction models based on EHR data for preoperative
patients with PAD and AAA.

Methods

The expert consensus-based data dictionaries were created in a stepwise
manner. A modified Delphi approach was employed to achieve consensus
among key opinion leaders (KOLs) in the cardiovascular field.?> The Delphi
methodology is an established method of attaining consensus among parti-
cipants through indirect and anonymous feedback and has been used before
in the creation of vascular surgery reporting standards.”' %3 First, data re-
quirements were defined, and longlists of variables were created per disease
on the basis of a literature review on reporting standards and (inter)national
guidelines. Following this, written feedback rounds by an expert consensus
group took place. Lastly, face-to-face meetings were held with KOL to fa-
cilitate discussion on in- and exclusion of selected variables, to form the final
data dictionaries.

Expert consensus group

The authors L.R. and S.L.M.Z,, both vascular surgery PhD researchers, cre-
ated the initial variable lists based on a literature search and moderated the
consensus meetings. The expert consensus group consisted of KOLs in the
cardiovascular field; all 18 VASCUL-AID clinical consortium partners and
two additional external specialists in the field of vascular surgery were in-
vited to participate. Consensus was established through face-to-face discus-
sions, in which a group size of 6—12 participants was aimed for to promote
balanced discussion and prevent dominance by individuals.”> Furthermore,
the development of the data dictionaries was overseen by experts in the

field of Al and ethics, who ensured that all applicable regulations were com-
plied with. Participant recruitment was limited to experts, and patients
were excluded from participation, since sufficient knowledge of factors in-
volved in disease progression was required to establish consensus.

End users

The intended end users of the data dictionaries are researchers who em-
ploy big data and/or Al technologies in studies on patients with AAA or
PAD using EHR data collection methods.

Definition of patients

The patient population of the to-be-developed VASCUL-AID mobile health
application (app) includes patients of both sexes, aged 40-90 with either
lower extremity PAD (atherosclerotic obstruction from the aortoiliac seg-
ments to the pedal arteries) and/or with an AAA of at least 30 mm, currently
under surveillance by a vascular surgeon. A diagnosis of PAD or AAA by a
vascular surgeon is required for inclusion. A diagnosis of PAD is defined as
ABI lower than or equal to 0.9 and/or radiologic confirmation of stenosis
that causes a patient’s clinical complaints, as assessed by a vascular surgeon.?®

Data dictionary structure

Data collection timepoints were defined to structure the variable list and to
facilitate the process of future data collection. As patient information may
change over time, the variable list was divided into two types of data collec-
tion timepoints: information reported at the time of an ‘index’ (or: first) visit
with a vascular surgeon and information reported at the time of a ‘follow-up
visit’. Variables were categorized according to different medical topics:
demographics, clinical information related to AAA and/or PAD, other vas-
cular history, comorbidities, socioeconomic status, smoking status and sub-
stance use, general health, family history, vital parameters, blood test
results, microbiology test results, medication, diagnostic test, imaging
data, AAA and PAD intervention parameters, and AAA rupture para-
meters. In future applications, these variables should be collected at the
abovementioned data collection timepoints. A detailed explanation of the
data collection timepoints and definitions can be found on the first page
of the data dictionaries attached in Supplementary material online, Tables
S1and S2.

Ethics and legal considerations

In developing the data dictionaries, the Health Ethical, Legal and Societal
Implications (HELSI) framework (unpublished) developed within the
VASCUL-AID project by ethical and legal experts was used and respected.
This HELSI-Al framework, based on the EU Ethics Guidelines for
Trustworthy Al,'® identifies the main legal and ethical norms and key prin-
ciples in the application of Al prediction tools in healthcare and guides trust-
worthy data collection and development of Al models in the VASCUL-AID
project. The principles ‘Human Agency and Oversight’, ‘Data and Data
Governance’, ‘Transparency’, ‘Diversity, Non-discrimination and Fairness’,
and ‘Accountability’ are relevant to be taken into account when selecting
data variables.

Variable selection

The following main principles for the data dictionaries were formulated by
the study management group:

(1) Relevance: including variables that are used in clinical practice.

(2) Conciseness to maintain simplicity.

(3) Comprehensibility: definitions are added.

(4) Transparency: a rationale is included to explain the reasoning.

(5) Completeness: all relevant variations are covered within variables.
(6) Non-ambiguous: there is no overlap in meaning between variables.

Moreover, as Al research aimed at predicting future patient outcomes
relies on and allows for the analysis of large volumes of data, variables for
which the medical community is unsure if they are directly associated
with PAD or AAA must be included as well because they might be asso-
ciated with PAD or AAA, or one of their known predictors.

In Figure 1 a flowchart with all steps performed to obtain the data diction-
aries is visualized. First, a variable longlist was created based on a literature
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existing literature

Data dictionary with relevant variables from

|
Y

Individual review of the data dictionary by vascular surgeons KOL

Evaluation of comments by study management group

made with KOL

Consensus meeting to discuss comments

v

Individual review of the data dictionary by four other KOL of
different cardiovascular fields (vascular surgeon, cardiologist,
internal medicine specialists)

[ Evaluation of comments by study management group ]

h 4

Providing the commented data dictionary to all KOL

Guidance by ethical and legal experts specialized in trustworthy Al

Y

Final consensus meeting to reach consensus
on the data dictionary with KOL

Figure 1 Flowchart variable selection procedure. KOL, key opinion leaders; Al artificial intelligence.

review. Literature was searched for reporting standards (including those
made for use in vascular registries) and the most recent society reporting
guidelines on PAD and AAA until November 2023 (when the data dictionary
was finalized)."®** Well-known and validated clinical classification systems,
such as the Clavien—-Dindo classification, were used for objective reporting
of variables where applicable.?’” Disease- and general health-related variables
were retrieved and deduplicated by LR. Variables and answer options may
differ between countries, among them socioeconomic indicators (e.g. educa-
tional level); therefore, these variables are generalized for application across
healthcare systems. If harmonization is not possible, an ‘other’ category is pro-
vided. Socioeconomic indicators, where available, will be extracted from
EHRs. Patient-reported outcomes such as quality of life were not measured
since it was not feasible to retrieve these from EHR data repositories. For
prospective data collection studies, obtaining health-related quality of life in-
formation is feasible and should be collected.

Imaging variables were limited, because imaging analysis and data extrac-
tion are performed separately in the VASCUL-AID project and are still un-
der development.?® Nonetheless, imaging variables reported in the medical
file such as AAA diameter are already included in the current dictionary.
Additional imaging parameters, such as other anatomical and haemodynam-
ic parameters, can be obtained after application of (automated) image ana-
lysis tools. These image analyses will result in new variables (tabular data
format) that can be added to the other variables in the data dictionary. In
the retrospective VASCUL-AID study, we will first analyse the clinical data-
set and imaging separately, to determine the predictive power of each of
these modalities. In the second part of this study, the clinical and imaging
data will be combined in the same predictive model to obtain a multimodal
risk prediction.

Definitions with corresponding references were retrieved from society
guidelines, if possible, and otherwise from reporting standards or other ex-
isting literature. Rationales for inclusion in the data dictionaries were de-
fined for all variables, if possible, on the basis of reporting standards or
existing literature or otherwise from discussion among the study manage-
ment group.>® 1822262948 A|| definitions and rationales were retrieved, de-
fined, and cross-checked by LR. and S.L.M.Z, and discrepancies were
discussed between them to reach consensus. Disagreements and the add-
ition of potentially other relevant variables were discussed in study manage-
ment group meetings. Potentially relevant variables were mostly
comorbidities (primarily cardiac, but also many other comorbidities), vari-
ables related to interventions, and socioeconomic indicators. While several
of these variables may have been investigated in the past, they have not been
studied in a dataset as extensive as those of the retrospective studies, and
they have not been analysed through machine learning. Ethical and legal ex-
perts were involved throughout the entire study to ensure compliance with
the HELSI-Al framework, EU Ethics Guidelines for Trustworthy Al, and the
EU Al Act.

First review of the data dictionary

The variable longlist was distributed to all KOLs for them to individually ap-
praise the variable list on whether the definitions were correct and ratio-
nales were logical and if there were any missing variables. Variables were
excluded if they were considered redundant and were impossible to collect
from retrospective EHRs. The study management group reviewed all com-
ments and made minor changes (addressing spelling errors and wording
suggestions) to the variable longlist accordingly. Suggestions for definition
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or rationale changes, the addition or removal of outcomes, and other dis-
cussion points were considered major and were therefore discussed in a
consensus meeting.

Table1 Abdominal aortic aneurysm categories (n = 18)
and peripheral arterial disease categories (n = 17) of the

initial variable list

AAA categories

Demographics including ethnicity

information
AAA-related information
Other vascular history
Cardiac history
Comorbidities
Social/economic status
Substance use
General health
Family history
Vital parameters
Blood test results
Microbiology test results
Medication
Diagnostic tests
Imaging data
AAA intervention—related
information

Mortality information

AAA rupture—related information

PAD categories

Demographics including ethnicity
information

PAD-related information

Other vascular history

Cardiac history

Comorbidities

Social/economic status

Substance use

General health

Family history

Vital parameters

Blood test results

Microbiology test results

Medication

Diagnostic tests

Imaging data

PAD intervention—related
information

Mortality information

AAA, abdominal aortic aneurysm; PAD, peripheral arterial disease.

First consensus meeting

Following written review of the variable lists, a face-to-face meeting was or-
ganized to discuss and establish consensus on all remaining discussion points
of the PAD and AAA variable lists. The first consensus meeting took place
during the European Society for Vascular Surgery (ESVS) Annual Meeting
on 26 September 2023. Consensus was pre-defined as follows:

(1) Greater than 75% agreement: consensus on including or excluding the
parameter or changing the rationale/definition according to the sug-
gested comment.*® No further discussion is required.

(2) Fifty to seventy-five per cent agreement will provoke a short discussion,
after which another vote will ensue. If, after the second vote, there is
still 50-75% consensus, the study management group will consult the
literature, and the discussion point will be discussed in the next consen-
sus meeting.

During the consensus meeting, the discussion points, based on the first
review round, and corresponding variables were shown. An opportunity
was provided for further comments and inquiries, after which agreement
was assessed by voting.

Second review of the data dictionary

After the first consensus meeting, the changes on which consensus was es-
tablished were processed in the variable lists. The changes were highlighted,
and comments were placed in case of definition changes and discussion
points. These updated variable lists were provided to four KOLs via
e-mail: two VASCUL-AID consortium partners (a cardiologist and vascular
medicine specialist), one external reviewer, and one member of the pro-
ject’s Advisory Board who had not seen the variable longlist before. The
vascular internal medicine specialist and cardiologist added variables to

Table 2 Baseline characteristics of key opinion leaders participating in the consensus process

Years of experience as specialist

Participated in meeting 1,

in respective field meeting 2, or mailing

Occupation Sex Country of
residency
Vascular surgeon F NL
Vascular surgeon M NL
Vascular surgeon F PT
Vascular surgeon M DE
Vascular surgeon M RS
Vascular surgeon M RS
Vascular surgeon M UK
Vascular surgery registrar F UK
Vascular surgeon F Fl
Vascular surgeon F Fl
Vascular surgeon F FI
Vascular surgeon M NZ
Vascular internal medicine specialist M DE
Vascular internal medicine specialist M NL
Cardiologist F NL
Gastroenterology surgeon and expert inthe  F NL
field of digital health

EU policy and responsible Al expert F NL
Professor in health law and health technology F NL

7 1, 2, mailing
8 2, mailing
[ 1, 2, mailing
[ 1, 2, mailing
[ 1, 2, mailing
7 Mailing
6 Mailing
6 Mailing
24 2, mailing
7 2, mailing
4 1, Mailing
9 Mailing
26 Mailing
20 Mailing
6 Mailing
16 Mailing
25 Ensuring compliance with Al
regulations
25 Ensuring compliance with ethics

regulations
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the list relating to their respective discipline. The purpose of this was to ob-
tain feedback on the variable lists from KOLs from relevant fields other than
vascular surgery and from vascular surgeons from outside of the
VASCUL-AID consortium. These reviewers were given 2 weeks to review
the variable lists. Changes and/or comments were marked in the variable
lists and sent to all VASCUL-AID KOLs to review before the final consensus
meeting.

Final consensus meeting

The final consensus meeting was held online and was organized to discuss
the feedback from the second review round and resolve final inconsisten-
cies. This meeting was held through Microsoft Teams on 2 November
2023.%° Consensus was pre-defined as follows:

(1) Greater than 75% agreement: consensus on including or excluding the
parameter or changing the rationale/definition according to the sug-
gested comment. No further discussion is required.

(2) Fifty to seventy-five per cent agreement will provoke a short discussion,
after which another vote will ensue. If, after the second vote >50% con-
sensus is obtained, the discussion continues until >75% agreement is
reached.

Following the final expert consensus meeting, the data dictionaries were
finalized according to the decisions made in the final consensus meeting.

The finalized data dictionaries were distributed to all consortium members.

Results

Variable selection

The variable lists were structured into index visit with vascular
surgeon, follow-up visit, events, and repeated measurements and
were subdivided into clinical categories, shown in Table 1.
Categories are either disease-specific or encompass information
about comorbidities and general health, but medical tests, social in-
formation, and family history are also included. Rationales, defini-
tions, and supporting informative texts were added to the
variables where necessary.

Consensus meetings

Eight KOLs commented on the variable longlist before the first
consensus meeting. The first consensus meeting included six
KOLs, and the final consensus meeting included eight KOLs.
Baseline characteristics of participants are shown in Table 2. A total
of 11 (69%) KOLs were vascular surgeons, and eight (50%) KOLs
were female. During the consensus process, three meetings with
the ethical and legal experts were held to ensure compliance
with relevant Al regulations. Supplementary material online,
Table S3, exhibits the variables that were discussed during the con-
sensus meetings and the rationale behind including, removing, or
changing variables.

Final data dictionary

Following the final consensus meeting, the data dictionaries for re-
search on PAD and AAA were standardized as shown in
Supplementary material online, Tables S7 and S2, respectively. A total
of 312 unique variables were included in the AAA dictionary, and
325 in the PAD dictionary.

Discussion

This study has established two expert consensus-based data dictionar-
ies within vascular surgery for use in clinical as well as Al research on
PAD and AAA. They are developed for application in research on pre-
dicting disease progression and risk of cardiovascular events in patients

with PAD and AAA. The AAA data dictionary contains 312 variables
across 18 categories, and the PAD data dictionary contains 325 vari-
ables across 17 categories. A total of 18 experts were involved in the
creation of the data dictionaries, of which 12 were vascular surgeons
including endovascular specialists, two were vascular medicine specia-
lists, one was a cardiologist, one was a gastroenterology surgeon and
public health expert, and two were Al/ethics specialists.

To date, there is no definitive cure to prevent disease progression in
patients with AAA and PAD. Existing reporting standards are not devel-
oped for ‘big data’ Al—driven clinical research, which require large quan-
tities of data not only to find meaningful associations but also for
translation to real-life clinical practice, in which an abundance of clinical
and social factors is of influence.’® For example, in our data dictionaries,
cardiac history is recorded in detail, and socioeconomic factors such as
education level are considered as well. Additional factors we consid-
ered in regard to a clinically relevant and high-quality dataset are the ap-
plicability of a data dictionary in practice to prevent inaccuracies as
much as possible. A well-thought standardized data dictionary is thus
warranted, which the current study aimed to develop.

Strengths of this study include its European expert consensus based on
existing society guidelines and reporting standards. Throughout develop-
ment of the data dictionaries, clinical relevance, comprehensibility, trans-
parency, and simplicity were pursued. The HELSI-Al framework was
considered throughout the study—in particular, the relevant key require-
ments for trustworthy Al of the Ethics Guidelines for Trustworthy Al and
the legal requirements and obligations regarding data relevance and data
accountability of the Al Act. Face-to-face meetings with KOLs from seven
European countries were held twice to facilitate discussion to come to a
mutual agreement. The involvement of two external reviewers from out-
side the consortium and two specialists in other cardiovascular fields pro-
vided novel feedback. Moreover, timepoints as well as variables should be
clearly defined to structure the data dictionaries and standardize data col-
lection at pre-defined key intervals.

These data dictionaries remain a reflection of the KOLs that partici-
pated in the consensus process and their own respective opinions about
which variables, chosen from society guidelines and existing reporting
standards, were regarded as important. This is an issue in every consensus
process—a balance should be found between including a sufficiently large
and representative group of stakeholders and maintaining a number of
participants that facilitate open and effective discussion. In this consensus
process, representation from seven countries was achieved with KOLs
with an average of 12 years of experience in their field of expertise.
Furthermore, in the consensus meetings, eight KOLs participated.

Since the primary use for this data dictionary is the collection of data in
the context of the retrospective VASCUL-AID patient cohort studies, re-
trieval of variables from EHRs for this purpose was considered through-
out the consensus process. Despite being comprehensive, encompassing
clinical as well as social and surgical information, some variables may be
unaccounted for. Clinical research is subject to progressive insights, which
may reveal additional clinically relevant risk factors for AAA and PAD pro-
gression. These data dictionaries should therefore be regularly updated
and improved every 5 years to accommodate these new insights. In add-
ition, these data dictionaries may be employed as a basis of data collection
in prospective studies, especially if complemented with new and/or add-
itional variables considered relevant.

This is a comprehensive list of variables to be collected for use in Al
applications, but which may also be consulted for health registries and
may be employed in clinical as well as Al research in which EHRs are
consulted. Selecting variables for datasets used for Al training, testing,
and validation only based on existing literature and by consultation of
experts could lead to bias, while selection of the most relevant and high-
ly predictive variables generally results in an improved model. Thus, for
more comprehensive input variable selection for model training, test-
ing, and validation, most predictive variables from the available data
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dictionary should be extracted using techniques such as feature engin-
eering and data mining.>" The data dictionaries serve as a guide for data
collection, recognizing that the feasibility of collecting all variables will
vary across EHR systems and may depend on local infrastructure and
data quality. Given this variability in EHR completeness for different
centres, missing data might be present, and strategies such as variable
exclusion or imputation may be necessary to handle these missing vari-
ables. To handle missing data, first, it should be explored whether the
data are missing completely at random (MCAR) or missing at random
(MAR). Subsequently, the data can be imputed using a suitable imput-
ation method specified for the appropriate data type (numerical/cat-
egorical). However, in many clinical centres, it is possible to
automatically extract data from EHRs. Through automatic extraction,
medical files can be searched more comprehensively, resulting in a
more complete dataset.

This data dictionary was developed with a specific subset of patients
with a retrospective data collection context in mind, in which imaging vari-
ables were excluded with intent because they would be analysed separate-
ly in our VASCUL-AID imaging studies. However, imaging is an essential
cornerstone in AAA and PAD diagnosis, disease management, and treat-
ment and should therefore be included in any research on these diseases
as well. These factors have influenced the extent to which these data dic-
tionaries can be applied in other types of research or healthcare domains.
The included clinical variables may serve as guidance but should not re-
strict the number of variables studied in Al research, as these data diction-
aries are advised to be updated every 5 years. Moreover, in our
prospective study, additional variables that may be prospectively collected
will be studied. To increase external validity, multidisciplinary collaboration
should be extended to include more vascular specialists and/or general
practitioners (in addition to the vascular surgeons, cardiologist, and intern-
al medicine specialist currently involved) and also to include more inter-
national collaborators. This can be effectuated by appointing a local
coordinator in each participating centre who is responsible for recruit-
ment of additional specialists, both in academic and university hospitals
as in regional centres. Furthermore, international collaboration will be
sought with international centres outside of Europe in addition to seeking
collaboration with different specialism’s societies (e.g. European Society of
Cardiology and Cardiovascular and Interventional Radiological Society of
Europe). Furthermore, the dependence on retrospective datasets means
that not all data are structured, straightforward, and reliable, as EHRs of-
ten contain conflicting statements. By the development of a structured
data dictionary including definitions for each variable and variable options,
we hope to minimize these limitations for EHR data collection.

Another limitation of these data dictionaries is the exclusion of
PRO:s. This is due to their application in retrospective cohort studies,
in which PROs are generally not available. For prospective studies, a
Delphi consensus has previously identified PROs to be collected for pa-
tients with claudication.?® In addition, no patients were involved in the
creation of these data dictionaries, despite the merits of including pa-
tients in consensus processes to ensure its clinical relevance, because
adequate insight into (potential) risk factors for AAA and PAD disease
progression was required.”>** Instead, core outcomes in both AAA
and PAD are currently being investigated with the aim of both including
both PROs and involving patients in the consensus process.”* These will
be applied in the VASCUL-AID cohort studies as well and will be re-
commended for use in all clinical research on PAD and AAA. Many clin-
ical variables were identified in analysis of focus groups that were
conducted for these core outcome sets. For example, patients with
PAD acknowledged the importance of claudication, rest pain, and
wound infection, but also the level of mobility and multidisciplinary
healthcare (manuscripts submitted). In addition, patients with AAA in-
dicated they found variables such as AAA rupture, embolization, AAA
growth, the need for dialysis, and the length of stay important (manu-
scripts submitted). The final core outcomes have been obtained

through patient and healthcare provider consensus (manuscripts sub-
mitted). These outcomes have been defined based on existing guide-
lines and reporting standards and will be applied in the VASCUL-AID
cohort studies as well, in addition to other validated PROs and
PROMs from existing guidelines and reporting standards. By including
(consensus-based) PROs and PROMs in these prospective studies, clin-
ical relevance of these outcomes is guaranteed, while outcome prefer-
ence by patients and healthcare providers is also acknowledged.

Conclusion

We have established the first data dictionaries within the field of vascu-
lar surgery for application in the development of Al-driven tools for pa-
tients with PAD and AAA while taking into account ethical and legal
perspectives for trustworthy Al. These data dictionaries will form the
basis of the data collected in our subsequent VASCUL-AID retrospect-
ive cohort studies. More importantly, it may provide a basis for other
Al-driven tools in vascular surgery research and similarly incite prevent-
ive strategies for patients suffering from AAA and PAD.
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