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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y, Authors provided as LM 
It is not possible to install any SW on the medical Workstation. However, it is possible to produce movies within the application SW used in the protocol. The video shot can be done up to 60s, so a lot of steps from those which have to be provided by the author could be done using this option. However if it takes longer than 60s for one step, movies have to be concatenated, please take care of this issue.
Since nearly the whole protocol is expected to be screen captured and only interviews will be done by the videographer, we will do the movies not on a shooting day, but in advance and provide requested steps screen captured. Therefore I propose to you to introduce some additional steps in the protocol, which have to be filmed by the videographer on the shooting day (e.g. views from the control room of the workstation, patient on the catheterization table, interventional team etc.).

C. Which steps of your protocol will viewers benefit most from having filmed? 
n/a
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.10.1. the more different projections you have the higher the accuracy is
E. Will the filming need to take place in multiple locations? Y, the protocol will be filmed in the catheterization lab, the interview shots should be performed in the conference room (the same building, the same floor) in order not to impact the clinical routine
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this protocol is to demonstrate a co-registration approach for the image fusion of pre-interventional computed tomography angiography data with real-time x-ray fluoroscopy without additional contrast agent administration or contrast-enhanced cone-beam computed tomography scanning for registration. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Ina Vernikouskaya: This method can help answer key questions in the field of intra-procedural image-based guidance about the limited anatomical information available from x-ray fluoroscopy with respect to a patient’s 3D anatomy.
1.2. Wolfgang Rottbauer: The main advantage of this technique is that it represents a further incremental advancement in the real-time navigation of the complex interventions that lead to improved procedural safety and efficacy.
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Jochen Wöhrle: As the complexity of transcatheter interventions increases, the demand for improved guidance is also steadily increasing.
1.4. Volker Rasche: Although this procedure is demonstrated in terms of a specific system, the approach can be easily applied to other systems as long as a similar software system is available.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving human subjects have been approved by the Ethics Committee at Ulm University Medical Center.
Protocol: (read by voice talent at JoVE)
2. Image Segmentation and Model Generation

2.1. To segment the computed tomography, or CT (C-T), aorta and left ventricle images, drag the CT data into the “Patients” view within the image fusion software [1-WIDE] and deselect the other tissues until only the aorta and left ventricle remain [2-LM].

2.1.1. Talent dragging CT data into Patients view, with monitor visible in frame

2.1.2. 57858AutomaticSegmentation.mp4: 00:00-00:10
2.2. Verify that the edges of the tissues are correctly detected in each slice, using the “Edit” button to modify the automatic segmentation in the Tissue window as necessary [1-LM].
2.2.1. 57585AortaLeftVentricleSegmentationAdjustment.mp4: 00:03-00:13
2.3. To perform manual segmentation of any additional structures, click “Add” and use the editing tools to fill the structure [1LM], drag the edges of the structure in the 2D view, or remove structure parts in the 3D view [2-LM].
2.3.1. Femoralis.mp4: 00:01-00:10
2.3.2. Femoralis3DCut.mp4: 00:35-00:41
2.4. Then perform manual segmentation of the main trunks of the left and right coronary arteries [1-LM], main artery branches [2-LM], left and right iliofemoral arteries [3-LM], hip bones [4-LM], and hip joints as just demonstrated [5-LM].
2.4.1. 58758Figure1A.psd: no animation 
2.1.1. 58758Figure1B.psd: no animation
2.1.2. 58758Figure 1C.psd: no animation 
2.1.3. 58758Figure 1D.psd: no animation
2.1.4. 58758Figure 1E.psd: no animation
3. Image Co-Registration and Fusion Video Editor: Authors request time stamp removal from bottom of screen capture videos as possible
3.1. After merging the selected patient data with the current patient data in the x-ray system [1-WIDE][2-WIDE], place three reference markers at the aortic valve cusps in the “Live” work setting by clicking “Add new tag point” in the “Tag points” window [3-LM-TXT].
3.1.1. Talent at computer, merging data (Videographer: Include monitor and computer but not monitor screen in frame) (Video Editor: use 3.1.1. OR 3.1.2. for narrative, whichever is most appropriate)
3.1.2. Shot of interventional room through control room window (Video Editor: use 3.1.1. OR 3.1.2. for narrative, whichever is most appropriate) Author note: Please choose here the shot with the aorta model in red visible on the monitor screen inside the interventional room.
3.1.3. SetMarkerPoints.mp4: 00:00-00:08 (TEXT: Reference markers facilitate optimal projection selection of annular plane during intervention)
3.2. Next, open the “Registration” work step to acquire the x-ray runs [1-LM-TXT].
3.2.1. SwitchToRegistration.mp4: 00:00-00:10 (TEXT: Runs acquired w/ ≥30° angular distance required for reliable registration)
3.3. Click “Copy to Reference View 1” to copy the angiographic projection of the appropriate puncture into the “Reference view 1” [1-LM[-TXT] and click “Copy to Reference View 2” to copy the x-ray projections into “Reference view 2” [2-LM].
3.3.1. 1_Femoralis_firstStep.mp4: 00:00-00:05 (TETX: i.e., LAO/RAO 20-30° orientation according to initial puncture side)
3.3.2. 1_Femoralis_firstStep.mp4: 00:06-00:11

3.4. Use the “Registration Pan”, “Registration Rotate,” and “Registration Roll” interaction tools to manually align the model of the iliofemoral arteries with the acquired x-ray projections [1-LM-TXT].
3.4.1. 1_Femoralis_firstStep.mp4: 00:12-00:15 (TEXT: Use x-ray image hip bones/joints as landmarks during overlay alignment) 

3.5. Use the initial coarse co-registration to guide the puncture of the common femoral artery on the sheath side [1-LM] and click “Copy to Reference View” to record an angiographic projection of the device sheath femoral artery in the right anterior oblique 20-30° orientation [2-LM-TXT].

3.5.1. 2_Femoralis_secondStep.mp4: 00:00-00:05

3.5.2.  2_Femoralis_secondStep.mp4: 00:06-00:16 (TEXT: Alternative: Record LAO 20-30°)
3.6. Then finalize the image co-registration in the iliofemoral region [1-LM].

3.6.1. 3_Femoralis_Finalize.mp4: 00:01-00:09
3.7. To use these data for further overlay re-alignment, copy any additional acquired projections to the “Reference View” during the transition from the iliofemoral to the thoracic region [1-LM] as well as any catheterization of the brachiocephalic trunk via the right radial artery [2-LM].

3.7.1. 4_TransitionToAorta.mp4: 00:00-00:11
3.7.2. 4_TransitionToAorta.mp4: 00:13-00:22

3.8. After placing the pigtail catheter into the aortic arch, acquire two fluoroscopic projections without a contrast agent in the left anterior oblique 30-40° and right anterior oblique 20-30° orientations [1-LM] and copy the projections into Reference views 1 and 2 as demonstrated [2-LM].
3.8.1. 5_PigtailShotsAlignment.mp4: 00:00-00:13
3.8.2. 5_PigtailShotsAlignment.mp4: 00:14-00:20

3.9. Use the interaction tools to manually adjust the registration in the thoracic region [1-LM] and guide the placement of the protection device based entirely on the anatomic overlay [2-LM-TXT].

3.9.1. 6_AortaAdjustment.mp4: 00:00-00:10
3.9.2. 7_CerebralProtection.mp4: 00:10-00:20
(TEXT: i.e., w/o CA administration)

3.10. Then use the interaction tools to manually correct the overlay position on each acquired x-ray projection over the entire course of the intervention as necessary to ensure an accurate overlay at each time point, using the positions of the pigtail catheter, the double-filter cerebral embolic protection system, and the aortogram as landmarks [1-LM-TXT].
3.10.1. 8_AortaOn-goingAdjustment.mp4: 00:02-00:17
3.11. “Technical difficulties can arise from the static nature of the anatomic models caused by overlay misalignment in instances of cardiac and respiratory motion, deformation of the structures during device manipulation, or inconsistent patient positioning between the CT and catheterization tables.” [1-MED-interview style]
3.11.1.  Ina Vernikouskaya, speaking the above interview style (looking just off-camera)
4. Results: Representative Successful Image Fusions
4.1. Several interventional steps will benefit from the image fusion. For example, the guidance of a common femoral artery puncture above the femoral bifurcation on the sheath side [1-LM], the accurate placement of the cerebral embolic protection device even in very tortuous anatomies based solely on the anatomic overlay [2-LM], the visualization of the model in an arbitrary C-arm angulation without x-ray exposure or contrast agent administration [3-LM] as well as identification of the optimal view before the valve deployment [4-LM], and the alignment of the valve prosthesis in even very complex anatomies [5-LM]. 
4.1.1. 57858Figure5A.psd: please indicate grey tube/sheath in bottom middle of image
4.1.2. 57858Figure5B.psd: please indicate hook outline within red vessel in middle left of image
4.1.3. 57858C-ArmAngulation.mp4: 00:06-00:11
4.1.4. 57858Figure5C.psd no animation
4.1.5. 57858Figure5D.psd: please indicate mesh outline in middle of image
5. Conclusion (said by authors on camera):
5.1. Ina Vernikouskaya: Once mastered, the manual segmentation of all of the related anatomic structures can be completed in 20-30 minutes depending on the quality of the CT images.
5.2. Ina Vernikouskaya: While attempting this procedure, it’s important to consider that the more projections that are available for the co-registration, the higher the accuracy of the overlay will be.
5.3. Wolfgang Rottbauer: The demonstrated protocol is applicable to a wide variety of transcatheter interventions, from the clinically established, such as atrial or ventricular ablations, to procedures on the verge of clinical implementation, like the percutaneous treatment of the tricuspid valve.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, PowerPoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi. The higher resolution, the better. Likewise, any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files. 
2.1.2. 57858AutomaticSegmentation.mp4
2.2.1. 57858AortaLeftVentricleSegmentationAdjustment.mp4

2.3.1. 57858Femoralis.mp4

2.3.1. 57858Femoralis3DCut.mp4
2.4.1. 57858Figure1A.psd - Model with the main trunks of the left and right coronary arteries labels included.

2.4.2. 57858Figure1B.psd - Model on the previous Figure + subclavian and carotid arteries labels included.

2.4.3. 57858Figure1C.psd - Model on the previous Figure + iliac and femoral arteries labels included as well as femoral bifurcation.
2.4.4. 57858Figure1D.psd - Model on the previous Figure + hip bones labels included.
2.4.5. 57858Figure1E.psd - Model on the previous Figure + hip joints labels included.

3.2.1. 57858SetMarkerPoints.mp4
3.3.1. 57858SwitchToRegistration.mp4
3.3.1. 1_Femoralis_firstStep.mp4

3.4.1. 1_Femoralis_firstStep.mp4

3.5.1. 2_Femoralis_secondStep.mp4

3.5.2. 2_Femoralis_secondStep.mp4

3.6.1. 3_Femoralis_Finalize.mp4

3.7.1. 4_TransitionToAorta.mp4

3.8.1. 5_PigtailShotsAlignment.mp4

3.9.1. 6_AortaAdjustment.mp4

3.9.1. 7_CerebralProtection.mp4

3.10.1. 8_AortaOn-goingAdjustment.mp4
4.1.1. 57858Figure5A.psd – results
4.1.2. 57858Figure5B.psd – results
4.1.3. 57858C-ArmAngulation.pm4 - results
4.1.4. 57858Figure5C.psd – results
4.1.5. 57858Figure5D.psd – results
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.  

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples. 
All tubes/flasks should be pre-labeled neatly before we arrive. 
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.
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