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[bookmark: _Toc228196575]Supplementary Table 1. Keyword Classification and Full Keyword List
	Group
	Domain
	Keywords

	A
	Artificial Intelligence and Computational Methods
	artificial intelligence; machine learning; deep learning; neural network; convolutional neural network; recurrent neural network; graph neural network; transformer model; vision transformer; large language model; foundation model; multimodal learning; radiomics; imaging biomarker; computer-aided diagnosis; computer-aided detection; computer-assisted diagnosis; medical image analysis; image segmentation; image classification; image registration; gradient boosting; random forest; support vector machine; extreme learning machine; ensemble learning; supervised learning; unsupervised learning

	B
	Valvular Heart Disease and Interventions
	valvular heart disease; VHD; heart valve disease; aortic stenosis; severe aortic stenosis; aortic regurgitation; aortic insufficiency; bicuspid aortic valve; mitral regurgitation; mitral stenosis; mitral valve prolapse; tricuspid regurgitation; tricuspid valve disease; pulmonary valve disease; transcatheter aortic valve replacement; TAVR; TAVI; surgical aortic valve replacement; SAVR; transcatheter valve intervention; valve replacement; valve repair; prosthetic valve; bioprosthetic valve; mechanical valve; transcatheter edge-to-edge repair; TEER


Keywords were categorized into two predefined domains: Group A (artificial intelligence and computational methods) and Group B (valvular heart disease and related interventions). Within each group, keywords were combined using a union (OR) operation, such that records containing any keyword within the group were included. Between groups, an intersection (AND) operation was applied, requiring that included records simultaneously contain at least one keyword from both Group A and Group B.
This combined union–intersection strategy ensured comprehensive coverage of methodological approaches and clinical applications, while maintaining specificity for interdisciplinary research at the intersection of artificial intelligence and valvular heart disease.

[bookmark: _Toc228196576]Supplementary Table 2. Top 25 keywords with the strongest keyword bursts in artificial intelligence research in valvular heart disease (1991–2025).
	Keywords
	Year
	Strength
	Begin
	End

	artificial intelligence
	2017
	28.00
	2023
	2025

	stenosis
	1997
	18.46
	2009
	2016

	deep learning
	2018
	15.28
	2023
	2025

	implantation
	2010
	14.05
	2015
	2019

	segmentation
	2012
	12.89
	2014
	2018

	classification
	2001
	11.28
	2001
	2014

	transesophageal echocardiography
	1998
	9.84
	1998
	2017

	models
	2021
	9.37
	2021
	2022

	high risk patients
	2013
	8.74
	2013
	2015

	European association
	2018
	8.32
	2018
	2022

	diagnosis
	1997
	8.07
	1997
	2010

	registration
	2007
	8.01
	2007
	2018

	transcatheter aortic valve implantation
	2011
	7.95
	2011
	2014

	system
	2008
	7.18
	2008
	2014

	morphology
	2012
	6.95
	2017
	2019

	Doppler echocardiography
	1991
	6.56
	1991
	2014

	replacement
	2004
	6.07
	2010
	2015

	surgery
	2007
	6.06
	2016
	2019

	clinical outcome
	2017
	5.97
	2017
	2018

	CT
	2016
	5.95
	2018
	2021

	doppler heart sounds
	2003
	5.93
	2003
	2009

	heart
	2007
	5.81
	2011
	2017

	repair
	2011
	5.60
	2011
	2017

	artificial neural network
	2007
	5.54
	2007
	2015

	aortic regurgitation
	1991
	5.50
	2016
	2019


Burst strength indicates the magnitude of increase in keyword frequency over a defined time interval. The “Year” column denotes the year when the corresponding keyword first occurred. The “Begin” and “End” columns denote the period during which each keyword exhibited burst activity.
Abbreviations: AI, artificial intelligence; CT, computed tomography.


[bookmark: _Toc228196577]Supplementary Table 3. Top 10 Most Productive Authors in the Collaboration Network
	Rank
	Author
	First Publication Year
	Publications (n)
	Degree Centrality

	1
	Martin B. Leon
	2012
	29
	24

	2
	Rebecca T. Hahn
	2014
	29
	22

	3
	Philippe Pibarot
	2014
	18
	16

	4
	David J. Cohen
	2012
	17
	21

	5
	Dorin Comaniciu
	2008
	17
	15

	6
	Michael J. Mack
	2012
	16
	16

	7
	Vinod H. Thourani
	2014
	15
	14

	8
	Michael Markl
	2014
	15
	11

	9
	Terry M. Peters
	2007
	14
	11

	10
	Stephan Windecker
	2012
	14
	10


Degree centrality indicates the number of direct connections associated with each author in the collaboration network. The first publication year denotes the earliest recorded contribution of each author to the field.
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[bookmark: _Toc228196578]Supplementary Fig. 1. Timeline visualisation of keyword clusters in artificial intelligence research in valvular heart disease (1991–2025).
Each horizontal line represents a keyword cluster identified using the log-likelihood ratio (LLR) algorithm and labelled numerically (e.g., #0–#9). Nodes represent keywords, with node size proportional to frequency, and links indicate co-occurrence relationships. The horizontal position of each node corresponds to the year of occurrence. Node colours reflect temporal information according to the colour scale, ranging from earlier years (purple) to more recent years (red).
Abbreviations: AI, artificial intelligence; LLR, log-likelihood ratio; TAVR, transcatheter aortic valve replacement; VHD, valvular heart disease.
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[bookmark: _Toc228196579]Supplementary Fig. 2. Global collaboration network of countries in artificial intelligence research in valvular heart disease (1991–2025).
Each node represents a country, with node size proportional to publication count. Links indicate collaborative relationships between countries, with thicker links representing stronger collaboration intensity. Nodes with multiple concentric rings indicate the temporal distribution of the publication of the certain country. The thickness of each ring represents the publication frequency of the corresponding country in the corresponding year, with node colour reflecting the temporal progression from earlier (purple/blue) to more recent (red/orange) years.
Abbreviations: AI, artificial intelligence; VHD, valvular heart disease.
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[bookmark: _Toc228196580]Supplementary Fig. 3. Institutional collaboration network in artificial intelligence research in valvular heart disease (1991–2025).
Each node represents an institution, with node size proportional to publication count. Links indicate collaborative relationships between institutions, with thicker links representing stronger collaboration intensity. Nodes with multiple concentric rings indicate the temporal distribution of the publication of the certain institution. The thickness of each ring represents the publication frequency of the corresponding institution in the corresponding year, with node colour reflecting the temporal progression from earlier (purple/blue) to more recent (red/orange) years.
Abbreviations: AI, artificial intelligence; VHD, valvular heart disease.
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[bookmark: _Toc228196581]Supplementary Fig. 4. Time-zone visualisation of institutional evolution in artificial intelligence research in valvular heart disease (1991–2025).
Each node represents an institution, with node size proportional to publication volume. Links indicate collaborative relationships between institutions. Node colours correspond to temporal information, ranging from earlier (purple/blue) to more recent (orange/red), as indicated by the colour bar.
Abbreviations: AI, artificial intelligence; VHD, valvular heart disease.
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[bookmark: _Toc228196582]Supplementary Fig. 5. Author collaboration network in artificial intelligence research in valvular heart disease (1991–2025).
Each node represents an author, with node size proportional to publication count. Links indicate co-authorship relationships between authors, with thicker links representing stronger collaboration intensity. Node colours represent temporal information based on the average publication year, ranging from earlier (blue/green) to more recent (orange/red) periods.
Abbreviations: AI, artificial intelligence; VHD, valvular heart disease.
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[bookmark: _Toc228196583]Supplementary Fig. 6. Time-zone visualisation of author evolution in artificial intelligence research in valvular heart disease (1991–2025).
The horizontal axis represents publication years from 1991 to 2025, and nodes are positioned according to the first appearance of each author in the dataset. Each node represents an author, with node size proportional to publication count. Links indicate co-authorship relationships between authors. Nodes are displayed in a uniform gray scale to emphasize the overall collaboration topology.
Abbreviations: AI, artificial intelligence; VHD, valvular heart disease.
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