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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  34
Number of Shots:  61 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: 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. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card

This research has been approved by the Institutional Review Board (IRB) at (insert Institutional Name)	Comment by Pallavi  Sharma: Authors: Please add this information



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Image Preprocessing
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, open the medical image analysis software and create a new project workspace [1]. Select File, choose Import, and click DICOM (Die-Com) series [2].
2.1.1. WIDE: Talent opening the medical image analysis software and creating a new project workspace. Videographer: Please obtain CU shot as well for this shot.
2.1.2. SCREEN: File being selected. Import being chosen. DICOM series being clicked.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible:  https://review.jove.com/files_upload.php?src=21480588

2.2. Navigate to the folder containing the neonatal thoracic CT scan in DICOM format and select the complete image series [1]. Load the series into the workspace and inspect the axial, coronal, and sagittal views to confirm the correct orientation and the absence of loading errors [2].
2.2.1. SCREEN: The folder containing the neonatal thoracic CT scan being opened. The complete image series is being selected.
2.2.2. SCREEN: The image series being loaded into the workspace. The axial, coronal, and sagittal views are being inspected
2.3. Execute the DICOM-to-NIFTI (Nifti) conversion tool using the suitable command structure [1].
2.3.1. SCREEN: The conversion command being typed and executed in the terminal.
2.4. Open the converted NIFTI file in a medical image viewer. Inspect the axial, coronal, and sagittal planes to confirm the correct spatial orientation and image integrity [1].
2.4.1. SCREEN: The converted Neuroimaging Informatics Technology Initiative file is being opened in the medical image viewer. The axial, coronal, and sagittal planes are being inspected.
2.5. Convert image intensities to Hounsfield Units using scanner-specific metadata or standard formulas [1]. Confirm the correct conversion by verifying that air regions approximate minus 1000 Hounsfield Units and that soft tissue regions fall within expected physiological ranges [2].
2.5.1. SCREEN: The image intensities are being converted to HU.
2.5.2. SCREEN: Air regions and soft tissue regions being reviewed against the expected Hounsfield Unit ranges.
2.6. Apply windowing to highlight the lung and soft tissues and set the Window Width value to 1500 Hounsfield Units [1].
2.6.1. SCREEN: The windowing settings being applied to highlight the lung and soft tissues. The Window Width value being set to 1500 Hounsfield Units
2.7. Verify that the lung parenchyma and pulmonary vessels are clearly distinguishable from the bone and mediastinal structures before further preprocessing [1].
2.7.1. SCREEN: The lung parenchyma and pulmonary vessels are being inspected against the bone and mediastinal structures.
2.8. After loading the Nifti images to the Python environment, set the interpolation method to trilinear interpolation and execute the resampling operation [1].
2.8.1. SCREEN: The interpolation method being set to trilinear interpolation. The resampling operation being executed.
2.9. Verify isotropic spacing by checking the updated voxel dimensions in the image header before proceeding [1].
2.9.1. SCREEN: The updated voxel dimensions being checked in the image header.
2.10. Process the CT volume slice by slice in the axial plane to apply Contrast-Limited Adaptive Histogram Equalization or CLAHE (Clahe) in two dimensions [1]. Initialize the CLAHE object using a clipLimit (Clip-Limit) value of 2.0 and a tileGridSize (Tile-Grid-Size) value of 8 by 8 [2].
2.10.1. SCREEN: The computed tomography volume being processed slice by slice in the axial plane.
2.10.2. SCREEN: The Contrast-Limited Adaptive Histogram Equalization object being initialized with a clipLimit value of 2.0 and a tileGridSize value of 8 by 8.
2.11. Apply the CLAHE function to each axial slice to enhance local contrast [1]. After reconstructing the slices into a 3D volume, verify that the pulmonary vessels are more distinguishable from the surrounding parenchyma without excessive noise amplification [2].
2.11.1. SCREEN: The Contrast-Limited Adaptive Histogram Equalization function being applied to each axial slice.
2.11.2. SCREEN: The pulmonary vessels being inspected against the surrounding parenchyma.
3. Manual Annotation
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. After selecting a subset of CT scans from both control and congenital diaphragmatic hernia patients, open the 3D medical image annotation software and create a new project or segmentation session [1].
3.1.1. SCREEN: The three-dimensional medical image annotation software is being opened. A new project or segmentation session being created.
3.2. Select File and choose Open Image. Navigate to the directory containing the preprocessed NIfTI file and select the image [1].
3.2.1. SCREEN: File being selected. Open Image being chosen. The directory containing the preprocessed NIFti file being opened. The image being selected.
3.3. Confirm successful loading by verifying the correct image orientation in the axial, coronal, and sagittal views. Adjust the display settings if necessary to optimize visualization [1].
3.3.1. SCREEN: The axial, coronal, and sagittal views being reviewed for the correct image orientation. The display settings being adjusted to optimize visualization
3.4. Create a new segmentation label or mask layer to store the manual vascular annotations. Save the project file before initiating the manual annotation [2].
3.4.1. SCREEN: A new segmentation label or mask layer being created for vascular annotations. The project file being saved before manual annotation begins
3.5. Activate the segmentation label layer created previously [1]. Then, select the manual drawing or brush tool within the annotation software. Adjust the brush size according to the vessel diameter to ensure accurate boundary tracing [2]. 
3.5.1. SCREEN: The segmentation label layer being activated. 
3.5.2. SCREEN: The manual drawing or brush tool being selected. The brush size being adjusted to match the vessel diameter.
3.6. Using the axial slices as a reference, manually outline the visible pulmonary vascular structures, including arterial and venous branches, while excluding non-vascular structures like bronchi and mediastinal tissues [1]. 
3.6.1. SCREEN: Pulmonary vascular structures being manually outlined on the axial slices. Non-vascular structures being excluded from the segmentation.
3.7. Scroll through the entire lung volume slice by slice to ensure continuous annotation of each vascular branch [1].
3.7.1. SCREEN: Consecutive slices being reviewed throughout the lung volume during annotation.
3.8. Cross-validate each annotated region in the coronal and sagittal views to confirm anatomical consistency and avoid discontinuities [1]. Include vessels down to the smallest visually distinguishable branches while avoiding over-segmentation of noise artifacts [2].
3.8.1. SCREEN: Annotated regions being reviewed in the coronal and sagittal views.
3.8.2. SCREEN: Small vascular branches being included while noise artifacts are excluded.
3.9. Periodically render a three-dimensional preview of the segmentation to verify the spatial continuity of the vascular tree [1]. Save the completed segmentation mask in NIFTI format before proceeding to model training [2].
3.9.1. SCREEN: A three-dimensional preview of the vascular segmentation being rendered.
3.9.2. SCREEN: The completed segmentation mask is being saved in Neuroimaging Informatics Technology Initiative format.

4. Model Training and Validation
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Compile all preprocessed CT images and their corresponding consensus vessel masks into a single dataset [1]. Perform patient-level dataset splitting to prevent data leakage between subsets [2].
4.1.1. SCREEN: Preprocessed computed tomography images and consensus vessel masks being organized into a single dataset.
4.1.2. SCREEN: Dataset splitting being configured at the patient level.
4.2. Assign 35 control cases and 20 congenital diaphragmatic hernia cases to the training set, and 5 control cases and 10 congenital diaphragmatic hernia cases to the validation set [1].
4.2.1. SCREEN: Control cases and congenital diaphragmatic hernia cases being assigned to the training and validation set.
4.3. Assign all remaining cases to an independent hold-out test set that is not accessed during model training or hyperparameter tuning [1]. Ensure that each CT image and its corresponding segmentation mask remain paired throughout the splitting process [2].
4.3.1. SCREEN: The remaining cases being assigned to the independent hold-out test set.
4.3.2. SCREEN:  CT image and its corresponding segmentation mask is being checked for pairing.
4.4. Verify the class distribution in each subset to maintain representation of both control and congenital diaphragmatic hernia cases [1]. Document the final allocation of the subject identifiers for reproducibility [2]
4.4.1. SCREEN: The class distribution across the training, validation, and test subsets being reviewed.
4.4.2. SCREEN: The final allocation of subject identifiers being recorded for reproducibility.
4.5. For each CT volume, restrict the intensity values to a predefined Hounsfield Unit range to remove extreme outliers [1].
4.5.1. SCREEN: A predefined Hounsfield Unit range being applied to the computed tomography volume.
4.6. Apply intensity clipping so that values below minus 1000 Hounsfield Units are set to -1000 Hounsfield Units and values above 500 Hounsfield Units are set to 500 Hounsfield Units [1].
4.6.1. SCREEN: Intensity values being clipped to the range of -1000 to 500 Hounsfield Units.
4.7. Perform min-max (Min-Max) normalization independently for each volume using the presented transformation [1]. Apply the normalization to the full three-dimensional volume using element-wise operations within the computational environment [2].
4.7.1. TEXT ON A PLAINBACKGROUND
Normalized value = (I − I_min) / (I_max − I_min), 
I_min = minimum intensity values of the volume
 I_max  = maximum intensity values of the volume
4.7.2. SCREEN: Element-wise normalization being performed across the full three-dimensional volume.
4.8. Verify that all voxel intensities are within the interval of 0 to 1 before inputting the data into the neural network [1].
4.8.1. SCREEN: Voxel intensity values being reviewed to confirm that all values fall between 0 and 1.
4.9. Ensure that the normalization parameters are derived independently for each image to prevent information leakage between the training, validation, and test sets [1].
4.9.1. SCREEN: Independent normalization parameters being calculated for each image across the dataset subsets.
4.10. Create a new project in a deep learning development environment and set a fixed random seed for reproducibility [1].
4.10.1. SCREEN: A new project is being created in the deep learning development environment and a fixed random seed is being defined.
4.11. Define a two-dimensional U-Net architecture for binary segmentation with an encoder-decoder structure and skip connections [1]. Set the model input as single-channel grayscale CT slices and the model output as a single-channel probability map representing vessel likelihood [2].
4.11.1. SCREEN: A two-dimensional U-Net architecture being defined with an encoder-decoder structure and skip connections.
4.11.2. SCREEN: The model input and output channels are being configured for vessel segmentation.
4.12. Configure the final layer to use a sigmoid activation function to produce values in the range of 0 to 1. Define the loss function for binary segmentation and initialize an optimizer [1].
4.12.1. SCREEN: The sigmoid activation function being assigned to the final layer. The binary segmentation loss function being defined and the optimizer being initialized. 
4.13. Specify the training hyperparameters, including the batch size, number of epochs, and learning rate, and record these values for reporting [1].
4.13.1. SCREEN: The batch size, number of epochs, and learning rate being specified and the values are being recorded.
4.14. Prepare the data loaders to feed the training and validation datasets into the model with consistent shuffling and batching [1]. Save the complete model definition and hyperparameter configuration for reproducibility [2].
4.14.1. SCREEN: Data loaders being configured for the training and validation datasets with shuffling and batching settings.
4.14.2. SCREEN: The model definition and hyperparameter configuration being saved.
4.15. Use binary cross-entropy loss as the loss function [1]. Configure the Adam optimizer with an initial learning rate of 0.001. Reduce the learning rate adaptively if the validation loss plateaus [2].
4.15.1. SCREEN: Binary cross-entropy being selected as the loss function.
4.15.2. SCREEN: The Adam optimizer being configured with a learning rate of 0.001.
The learning rate scheduler being configured to reduce the learning rate when the validation loss plateaus.
4.16. Apply data augmentation techniques, including random rotations, flips, and elastic deformations, to increase robustness and reduce overfitting [1].
4.16.1. SCREEN: Random rotations, flips, and elastic deformations are being configured in the data augmentation pipeline.
4.17. Train the model for a fixed number of epochs, or until convergence, and monitor performance on the validation set after each epoch [2].
4.17.1. SCREEN: The model training process being initiated. Validation performance metrics being reviewed after each training epoch.

5. Segmentation and Skeletonization
5.1. Load the trained U-Net model and apply it to the preprocessed CT scans in the independent test set [1].
5.1.1. SCREEN: The trained U-Net model being loaded and applied to pre-processed CT scans 
5.2. For each scan, generate a binary segmentation mask of the pulmonary vasculature by applying a threshold to the probabilistic output of the model [1].
5.2.1. SCREEN: A threshold is applied to the model probability map to generate a binary pulmonary vascular segmentation mask.
5.3. Convert the segmented three-dimensional binary masks into skeletonized representations using a three-dimensional thinning algorithm implemented in the software [1].
5.3.1. SCREEN: The three-dimensional binary segmentation masks being converted into skeletonized representations using a three-dimensional thinning algorithm.
5.4. Label the vascular skeleton using a breadth-first search algorithm [1]. Designate the pulmonary trunk as the root node and assign generation levels to each branch according to their connectivity [2].
5.4.1. SCREEN: The vascular skeleton being labeled using a breadth-first search algorithm.
5.4.2. SCREEN: The pulmonary trunk being assigned as the root node and branch generations being calculated from connectivity.
5.5. Remove small, disconnected components or spurious branches that are likely due to noise or segmentation errors using a minimum voxel size or branch length threshold [1].
5.5.1. SCREEN: Small disconnected components and spurious branches are being removed using voxel size or branch length thresholds.
5.6. Identify all individual branches by traversing the graph structure between the bifurcation points and terminal nodes [1].
5.6.1. SCREEN: The vascular graph is being traversed between bifurcation points and terminal nodes to identify individual branches.
5.7. Calculate the total number of branches by summing all identified segments within the vascular graph [1]. Determine the mean branch length by averaging the lengths of all branches in each subject's skeleton [2].
5.7.1. SCREEN: Identified vascular segments being counted to calculate the total number of branches.
5.7.2. SCREEN: Branch lengths being measured and averaged across the vascular skeleton.

5.7.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 93.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 
6.1. The average total number of vascular branches was significantly lower in patients with congenital diaphragmatic hernia compared to the control group [1]. Additionally, the mean branch length was notably shorter in the congenital diaphragmatic hernia group than in the controls. [2].
6.1.1. LAB MEDIA: Table 1. Video editor: Highlight the row “Total number of branches” and show the values under the “Control” and “CDH” columns.
6.1.2. LAB MEDIA: Table 1. Video editor: Highlight the row “Mean length of branches” and show the values under the “Control” and “CDH” columns.
6.2. Patients with congenital diaphragmatic hernia had significantly reduced distal [1] and proximal generation counts compared to controls [2].
6.2.1. LAB MEDIA: Table 1. Video editor: Highlight the row “Mean number of distal generations” and show the values under the “Control” and “CDH” columns.
6.2.2. LAB MEDIA: Table 1. Video editor: Highlight the row “Mean number of proximal generations” and show the values under the “Control” and “CDH” columns.
6.3. Using these morphometric features, the Random Forest classifier achieved an overall classification accuracy of 85% in distinguishing congenital diaphragmatic hernia from control cases [1].
6.3.1. LAB MEDIA: Figure 6. Video editor: Highlight the blue line labeled “Random forest” near the highest accuracy values on the graph.
6.4. The Decision Tree classifier achieved a slightly lower accuracy of 83% [1].
6.4.1. LAB MEDIA: Figure 6. Video editor: Highlight the green line labelled “Decision tree” near the upper accuracy values on the graph.
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