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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 

3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: 09/15/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps: 20 
Number of Shots: 42  

Interviews 

Authors: Statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Valeriya Tsvelaya: We reconstruct patient-specific atrial fiber architecture from clinical CT data and examine how transmural interpolation strategies affect atrial wave propagation.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Anastasia Sinitsyna: Existing methods oversimplify transmural fiber orientation. Our CT-based protocol reconstructs patient-specific fibers and quantifies the electrophysiological effects of alternative interpolation strategies.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. Anastasia Sinitsyna: This protocol enables researchers to reconstruct patient-specific atrial fiber architecture and measure how transmural interpolation strategies affect wavefront propagation and activation timing.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Describe the most important consideration or challenge when performing this protocol.
1.4. Mikhail Slotvitsky: The most critical challenge is precisely placing auxiliary anatomical landmarks to ensure accurate surface parametrization and reliable fiber transfer.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Valeriya Tsvelaya: Future studies could integrate this pipeline with late gadolinium-enhanced MRI to investigate how fibrosis and fiber anisotropy jointly affect atrial electrophysiology.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 




Ethics Title Card
The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the M.F. Vladimirsky Moscow Regional Clinical Research Institute. Voluntary written informed consent was obtained from all participants prior to enrollment.

Protocol  
2. Construction of Patient-Specific 3D Atrial Geometry
Demonstrator: Anastasia Sinitsyna

2.1. Begin [1] by acquiring patient-specific left atrial images using high-resolution cardiac CT (c-t) [2]. Import the volume in NRRD (n-r-r-d) format into 3D Slicer [3] and correct voxel anisotropy by interpolating cropping to isotropic resolution [4].
2.1.1. WIDE: Talent preparing the CT scanner and patient for left atrial imaging.
2.1.2. SCREEN: SCREEN_2.1.1.mp4  00:00 – 00:08, 00:10 – 00:13
2.1.3. SCREEN: SCREEN_2.1.2.mp4 00:00 – 00:13  Video editor: Please closely follow the mouse pointer
2.1.4. SCREEN: SCREEN_2.1.2.mp4 00:16 – 00:32, 00:35 – 00:48  Video editor: Please closely follow the mouse pointer

2.2. Use the Grow from Seeds tool to segment the cardiac chambers [1]. Manually refine the left atrium [2], then extract separate endocardial, epicardial, and myocardial wall surfaces [3].
2.2.1. SCREEN: SCREEN_2.2.1.mp4  00:00 – 00:12, 00:14 – 00:26, 00:28 – 00:38 and 00:42 - 00:52
2.2.2. SCREEN: SCREEN_2.2.2.mp4 00:00 – 00:12, 00:14 – 00:24, 00:26 – 00:36, 00:40 – 00:52, 01:10 – 01:22 
2.2.3. SCREEN: SCREEN_2.2.3.mp4 00:00 – 00:12, 00:14 – 00:21, 00:27 – 00:40, 00:42 – 00:53, 01:17 – 01:27  

2.3. Export the surface models in VTK (v-t-k) format [1]. Confirm that the surface shell is watertight, closed, non-self-intersecting, and has consistent normals [2]. Convert the model to the openCARP (open-carp) format using Meshtool [3], then generate the volumetric finite-element mesh using constrained Delaunay tetrahedralization [4].
2.3.1. SCREEN: SCREEN_2.3.1.mp4  00:00 – 00:19 Video Editor: speed up a little, if possible
2.3.2. SCREEN: SCREEN_2.3.2.mp4 00:00 – 00:22 Video Editor: speed up a little, if possible
2.3.3. SCREEN: SCREEN_2.3.3.mp4 00:00 – 00:18 Video Editor: speed up a little, if possible
2.3.4. SCREEN: SCREEN_2.3.4.mp4 00:00 – 01:14 Video Editor: speed up please, if possible

3. Construction of the Universal Atrial Coordinate System

3.1. On the atrial surfaces, annotate the four pulmonary vein ostia and the apex and base of the left atrial appendage [1]. Add auxiliary points at the RSPV-LA (r-s-p-v-l-a) and LSPV-LA (l-s-p-v-l-a) junctions and on the interatrial septum, positioning them near their anatomically optimal locations [2].
3.1.1. SCREEN: The four pulmonary vein ostia and the apex and base of the left atrial appendage being annotated.
3.1.2. SCREEN: The RSPV-LA, LSPV-LA, and interatrial septal auxiliary points being placed.
Authors: please create screen capture videos for the shots labeled as SCREEN, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21919483

3.2. Set the phi threshold to 0.75 for the pulmonary veins and 0.35 for the atrial appendage [1]. 
3.2.1. SCREEN: The pulmonary vein and atrial appendage threshold values being entered.
3.3. Solve Laplace's equation on the mesh surface with a scalar field from zero to one by setting the target structure boundary to one, the mitral valve annulus to zero, and apply a no-flux condition at the remaining boundary [1]. Extract and tag the corresponding surface elements and vertices, then reintegrate them into the mesh[2].
3.3.1. SCREEN: The Laplace problem being configured and solved on the atrial surface mesh. 
3.3.2. SCREEN: The target surface regions being extracted, tagged, and reintegrated into the mesh.

3.4. Conduct a sensitivity analysis to assess the effect of landmark variation on the fiber field [1]. Next, cut the atrial surface along the shortest geodesic paths from the RSPV-LA and LSPV-LA reference points to the mitral valve annulus, through the septal landmark, to define the alpha coordinate [2].
3.4.1. SCREEN: Fiber fields generated using different landmark positions being compared.
3.4.2. SCREEN: The geodesic cuts used to define the alpha coordinate being created.

3.5. Solve Laplace's equation between the opposing cut edges to define the posterior-anterior beta coordinate [1]. Rescale beta across the posterior and anterior walls, to obtain two-dimensional representations of the epicardial and endocardial surfaces [2].
3.5.1. SCREEN: The posterior-anterior beta coordinate being defined by solving the Laplace solution.
3.5.2. SCREEN: The beta coordinate across the posterior and anterior walls being rescaled to generate two-dimensional maps of the epicardial and endocardial surfaces.

3.6. Repeat the coordinate construction for the epicardial and endocardial reference models from the Human Atrial Fiber Atlas using the averaged resulting fiber fields [1].   
3.6.1. SCREEN: The coordinate fields being generated for the epicardial and endocardial atlas models 

4. Transfer of Atlas Fibers to the Patient-Specific Atrium
4.1. Using the UAC (u-a-c) system, map atlas fiber vectors by anatomical correspondence in alpha-beta space [1]. Project the atlas fibers into the UAC basis and assign them to target mesh elements by nearest-neighbor search [2]. Map the vectors back to the patient's physical three-dimensional space [3], then normalize them to obtain an anatomically consistent anisotropy field [4].
4.1.1. SCREEN: The atlas and patient-specific models being aligned in alpha-beta coordinate space.
4.1.2. SCREEN: Projected atlas fibers being assigned to target mesh elements by nearest-neighbor search.
4.1.3. SCREEN: The assigned fiber vectors being mapped back to the patient-specific three-dimensional geometry.
4.1.4. SCREEN: The normalized fiber field transferred to the patient-specific atrium being shown.

5. Restoration of Transmural Fiber Orientation

5.1. Extract the coordinates of the outer boundary nodes [1] and load the endocardial and epicardial atlas surfaces [2]. Solve Laplace's equation across the atrial wall, to define the normalized transmural gamma coordinate, setting gamma to zero at the endocardium and one at the epicardium [3].
5.1.1. SCREEN: The boundary node coordinates being extracted from the atrial mesh.
5.1.2. SCREEN: the endocardial and epicardial atlas surfaces being imported.
5.1.3. SCREEN: Laplace’s equation being solved across the atrial wall to generate the normalized transmural gamma-coordinate field.

5.2. Extend the surface alpha-beta coordinates into the volumetric mesh along the gamma gradient [1]. For each volumetric surface node, identify the nearest endocardial and epicardial nodes with a KD-tree (k-d tree) nearest-neighbor search [2] and record the Euclidean distances [3].
5.2.1. SCREEN: The alpha-beta surface coordinates being extended through the volumetric mesh.
5.2.2. SCREEN: The nearest endocardial and epicardial nodes being identified using KD-tree nearest neighbor search.
5.2.3. SCREEN: The Euclidean distances between the nodes being recorded.

5.3. Assign the alpha-beta coordinates of the nearest endocardial node, to each volumetric surface node, to generate a continuous three-dimensional UAC field across the atrial wall [1].
5.3.1. SCREEN: The continuous three-dimensional UAC field within the atrial wall being observed.
5.4. For threshold interpolation, assign each myocardial point the fiber direction of the closer endocardial or epicardial surface [1].
5.4.1. SCREEN: The threshold-interpolated transmural fiber field being generated.

5.5. For linear interpolation, use unit endocardial and epicardial fiber vectors to calculate the fiber direction at each myocardial point in Cartesian space [1]. Normalize each interpolated vector to unit length [2], yielding a smooth, continuous, and topologically consistent three-dimensional fiber field [3].
5.5.1. SCREEN: The endocardial and epicardial fiber vectors being linearly interpolated across the wall.
5.5.2. SCREEN: The interpolated fiber vectors being normalized to unit length.
5.5.3. SCREEN: The reconstructed continuous transmural fiber field being shown.

6. Estimation of Fiber Orientation Effects

6.1. Сompare the reconstructed threshold-based and linear transmural fiber fields to locate regions of maximal transmural disagreement [1]. 
6.1.1. SCREEN: The threshold-based and linear transmural fiber fields being visualized side-by-side on the patient-specific atrial geometry.

6.2. Calculate the angular deviation in fiber direction at each point in the atrial myocardium, restricting the values to zero through 90 degrees [1]. Display the directional differences as an angular-deviation map [2].
6.2.1. SCREEN: Pointwise angular deviation between the reconstructed fiber fields being calculated.
6.2.2. SCREEN: Angular deviation distribution across the atrial myocardium being shown.
6.3. Using openCARP version 12, simulate sinus rhythm with the linearly interpolated fiber field and with a uniform-fiber control [1]. Compare the resulting wavefronts to verify anisotropic conduction effects [2].
6.3.1. SCREEN: Linearly interpolated and uniform-fiber sinus-rhythm simulations in openCARP being configured.
6.3.2. SCREEN: Wavefront propagation with anisotropic and uniform fiber orientations being observed.

6.4. For direct comparison of the interpolation methods, configure the monodomain formulation with the Courtemanche-Ramirez-Nattel human atrial model [1]. Apply 10 consecutive stimuli at a 200-millisecond pacing cycle length to the linearly interpolated and threshold fiber models [2], then compare wavefront propagation [3].
6.4.1. SCREEN: The monodomain formulation and Courtemanche-Ramirez-Nattel atrial model being selected.
6.4.2. SCREEN: 10-stimulus pacing protocol being applied to both reconstructed fiber models.
6.4.3. SCREEN: The wavefront propagation in linearly interpolated and threshold fiber models being compared.
6.4.4. 

Results
7. Results 

7.1. Across all six patient-specific models, the average local activation times were broadly comparable between the threshold-based and linear transmural fiber configurations in both regions of interest [1]. Linear interpolation produced a slightly higher average LAT in Region 1, whereas threshold-based interpolation produced a slightly higher average LAT in Region 2; the corresponding LAT differences remained small [2].
7.1.1. LAB MEDIA: Figure 12. Video Editor: Simultaneously highlight the red ‘Threshold’ and yellow ‘Linear’ bars in ‘Region’ 1 and 2, showing the similar average local activation times.
7.1.2. LAB MEDIA: Figure 12. Video Editor: Please highlight the light blue ΔLAT bars in both regions. Use arrows to show the small positive difference in ‘Region 1’ and the small negative difference in ‘Region 2’.
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