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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.5., 2.6., 2.20., 2.31.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.21.

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of the following experiment is to reduce fluoroscopy exposure during complex electrophysiological procedures using non-fluoroscopic catheter visualization. (Intro) This is achieved by first recording 2 short fluoroscopic loops at the appropriate projection angles. (P1) Catheters with a miniaturized sensor at the tip are then introduced into the patient via femoral access, (P2) and then visualized non-fluoroscopically as projected through the 2 pre-recorded loops. (P3) The ablation procedure is then performed to treat the underlying arrhythmia of the patient. (P4) Ultimately, the results demonstrate that this method provides an effective treatment for arrhythmia, with a significantly reduced radiation exposure compared to conventional procedures. (P5)
From Layered image.ppt

(P1) from top left image of slide 1, please animate/indicate green “projections” as possible when mentioned
(P2) from middle right image of slide 1, please indicate brown catheter and black tip, respectively, when mentioned
(P3) from bottom left image of slide 1, please animate/indicate green projection when mentioned
(P4) from bottom right image of slide 2, please animate/indicate yellow and green catheter tips to imply ‘ablation’ is happening
(P5) with “effective treatment for arrythmia” please show pace and ablate.bmp; with “significantly … procedures” please show 500 proc.bmp
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Philipp Sommer: The main advantage of this technique over existing methods, like using conventional 3D mapping systems, is that with our technique the operator is able to work in a virtual fluoroscopic environment without using radiation.   

1.2.  Alexandra Schratter: One important implication of this technique is that the staff in the electrophysiology lab no longer needs to wear heavy lead aprons to protect themselves from the potential risks associated with radiation exposure during these 2-3 hour procedures.
Protocol (read by voice talent at JoVE):
2. Ablation procedure
2.1. On the day of hospital admission, perform a routine physical exam of the patient. The international normalized ratio should be between 2 and 3. 
2.1.1. WIDE: Few seconds Talent performing one representative shot of physical exam on patient (TEXT: e.g., resting ECG, blood analysis, transesophageal echo, contrast-enhanced CT heart scan). 
2.1.2. CU: Shot of INR reading between 2-3
2.2. Then, to start the procedure, place the 3D mapping systems patches on the neck, belly, and left and right sides of the front and back of the patient’s thorax. 
2.2.1. MED B-roll: Talent placing at least one patches on right side of front of patient, with neck, belly and left side patches visible in frame if possible

2.2.2. [combined with 2.2.1] MED: Talent placing second patch on back of patient

2.3. Then equip the patient with a finger clip to monitor the oxygen saturation and the non-invasive blood pressure and disinfect the groin region.
2.3.1. CU: Finger clip being slipped onto finger

2.3.2. MED: Few seconds Talent disinfecting Patient groin (Videographer: Just show Talent disinfecting area, no groin in shot)
2.4. Slightly sedate the patient. Then start the procedure with an injection of 40 ml of 1% Mepivacain to the left and right groin areas.
2.4.1. MED+CU: Talent injecting at least one sedative (TEXT: See text for all sedation/analgesic administration details)

2.4.2. [combined with 2.4.1] CU: At least one injection (Videographer: No groin in shot)
2.5. Next, place one 7F puncture for the venous access 1 cm medial to the femoral artery and 1 cm below the connection between the symphysis and crista iliaca anterior superior. 

AUDIO SLATING STARTING HERE
2.5.1. CU: Few seconds 7F puncture being made (TEXT: For coronary sinus steerable decapolar catheter)

2.6. Place a second 7F venous puncture 1 cm superior to the venous access sites.
2.6.1. CU: Few seconds 7F puncture being made (TEXT: For right ventricular apex steerable decapolar catheter)
2.7. After the vessels have been successfully punctured, advance a guidewire, remove the puncture needle, and place a sheath over the wire as per the Seldinger technique.
2.7.1. CU: Few seconds guidewire being advanced (Videographer: Combine 2.7.1., 2.7.2., and/or 2.7.3. as appropriate)

2.7.2. CU: Needle being removed (Videographer: Combine 2.7.1., 2.7.2., and/or 2.7.3. as appropriate)

2.7.3. CU: Few seconds sheath being placed (Videographer: Combine 2.7.1., 2.7.2., and/or 2.7.3. as appropriate)

2.8. Then place a 4F puncture in the right femoral artery for invasive blood pressure measurements and an 11F puncture in the right femoral vein, using fluoroscopy to control the intravasal position of the wire for placing the transseptal sheath. 
2.8.1. CU: 4F puncture being placed

2.8.2. CU: 11F puncture being placed

2.8.3. CU/SCREEN: Few seconds transseptal sheath being placed with fluoroscopy Short 11F outer sheath is placed without using fluoroscopy.
TC: 08:30 AND 1:17:50
2.9. When the sheath is in place, administer heparin for anticoagulation, checking the activated clotting time, or ACT (Pronounce: A-C-T), every 20 minutes.

2.9.1. MED: Talent administering heparin

2.9.2. MED: Talent checking ACT OR CU: Shot of ACT at 250-350s (TEXT: ACT target (250-350s)
2.10. Next, using an X-Ray fluoroscopy system in a right anterior oblique projection of 15° and a left anterior oblique projection of 50°, acquire 2 live cine loops, each approximately 3 seconds long.

2.10.1. MED: Few seconds Talent adjusting fluoroscopy system to appropriate projection angles

2.10.2. LAB MEDIA: Video 1.mp4 00:00-00:11 (TEXT: Maintain deep patient analgosedation)
2.11. Now advance the coronary sinus diagnostic catheter tip to the superior vena cava, or SVC (Pronounce: S-V-C), and slowly pull it back, deflecting the catheter to its maximum allowable curve and rotating it clockwise to bring the tip to the coronary sinus ostium.

2.11.1. SCREEN: Few seconds catheter being advanced 

2.11.2. SCREEN: Catheter being pulled back 

2.11.3. SCREEN: Catheter being deflected 

2.11.4. SCREEN: Catheter being rotated to bring tip to CSO 

TC 0:58:30
2.12. Then advance the catheter as deeply as possible into the coronary sinus to bring it in a stable position. 

2.12.1. SCREEN: Last few seconds catheter being advanced
2.13. Use the other diagnostic catheter to place landmarks for the superior and inferior vena cava, and fossa ovalis.

2.13.1. LAB MEDIA: Fig.new.1.bmp (Video Editor: please indicate SVC, IVC, and Fossa text with “SVC”, “inferior vena cava” and “fossa ovalis”)

TC: 0:56:00
2.14. Next, to perform a trans-atrial septal puncture, insert a long guidewire into the SVC. 

2.14.1. SCREEN: Few seconds guidewire being placed

2.14.2. MED: Talent verifying position by fluoroscopy OR SCREEN: Position being verified by fluoroscopy

2.15. Place one of the diagnostic catheters inserted via the long steerable sheath in the fossa ovalis and bring the catheter to the left atrium through the persistent foramen ovale. Then advance the steerable sheath over the catheter and bring it in a position at the center of the left atrium under fluoroscopic control.
2.15.1. SCREEN: Few seconds sheath being advanced to junction catheter being advanced to the left atrium.
2.15.2. SCREEN: Needle being inserted into dilator

2.15.3. SCREEN: Sheath being pulled back until it jumps into FO advanced over the catheter.
2.16. To bring the sheath into the left atrium, push the needle tip through the interatrial septum and inject some ml of contrast dye. If the correct position is verified, advance the dilator and finally the sheath to the left atrium.
2.16.1. SCREEN: Needle tip being placed into LA and then advanced into dilator

2.16.2. SCREEN: Dilator being dissected from sheath

2.17. Then disconnect the dilator from the sheath and advance the sheath over the dilator into the left atrium, deflecting the sheath and slowly removing the needle and dilator at the same time.

2.17.1. SCREEN: Sheath being disconnected from the sheath, advanced over the dilator into LA, with deflection and removal of needle/dilator
2.18. Advance the sheath over the wire and bring it into the inferior vena cava.  Then disconnect the dilator from the sheath, aspirate 10 ml of blood from the sheath and carefully flush the channel with heparinized saline at a constant flow rate of 2 ml/h. Use the decapolar diagnostic catheter to start mapping the left atrium using the 3D mapping system.
This should be 2.14.1 and 2.14.2.
2.18.1. CU/SCREEN: Few seconds blood being aspirated

2.18.2. CU/SCREEN: Few seconds channel being flushed with saline

2.18B [added] Use the decapolar diagnostic catheter to start mapping the left atrium using the 3D mapping system.


2.18.3?  [added] MED/SCREEN: start of LA mapping

2.19. Then advance the sheath to the superior pulmonary veins and inject 15 ml of contrast dye.

2.19.1. SCREEN: Needle Sheath being advanced/puncturing LA into the pulmonary vein
2.19.2. SCREEN: Few seconds dye being injected

2.20. Insert the long sheath into the superior pulmonary veins and perform 2 new fluoroscopy or cine loops as just demonstrated, followed by fusion of the electroanatomical map with a 3D reconstructed CT anatomy. 
2.20.1. SCREEN: Few seconds sheath being inserted

2.20.2. MED: Talent adjusting projection angles or similar

2.20.3. SCREEN: Shot of map being fused with CT anatomy
TC: 01:04:10
2.20.4. [added] WIDE: from now on lead aprons are no longer needed because the fluoroscopy was shut off- the nurses took off their lead. (Video of the nurses!).

TC: 01:05:10

2.20.5
[added] Angiography?

2.21. Map the anatomical landmarks in the left atrium, carefully, marking at least 10-15 points for the fusion process, and then double-check and optimize the co-registration process with the roving catheter. 
TC: 01:00:00
2.21.1. SCREEN: At least a few points being marked (Comment: the electroanatomical reconstruction could be shown in total in fast forward: the geometry being created on the left lower screen- very important and difficult step which in real time takes about 10min!)
2.21.2. SCREEN: At least a few more points being marked

2.22. Upon completion, the segmented CT model will be positioned at the anatomically correct position in 3D space.
2.22.1. SCREEN: Shot of segmented CT model

2.23. Now trans-orally place a temperature probe with 3 thermocouples to measure the intra-luminal intra-esophageal temperature at the level of the left atrium.
TC: 1:22:30
2.23.1. MED: Talent placing temperature probe

2.23.2. CU/SCREEN: Shot of temperature intra-luminal intra-esophageal temperature 

2.24. Then insert the ablation catheter via the transseptal sheath, and ablate the area around the ipsilateral pulmonary veins at 35 watts anterior and 25 watts posterior power at an irrigation rate of 17 ml/min. 

This step will take up to 2h!!
TC: 1:24:50
2.24.1. CU/SCREEN: Ablation catheter being placed

TC: 1:26:50
2.24.2. SCREEN: Few seconds area being ablated (LPV till 1:37:00, then RPVI)
2.25. If the intra-luminal temp reaches above 39°C, stop the ablation and adjust the power settings.

TC: 1:31:30
2.25.1. SCREEN/CU: Intra-luminal temp at/above 39°C

TC: 1:32:03
2.25.2. SCREEN: Ablation being stopped OR MED: Talent stopping ablation

2.25.3. MED: Talent adjusting power settings OR SCREEN: Power settings being adjusted

TC: 1:44:30
2.26. Then use a decapolar circular catheter from all the bipoles of the spiral catheter to pace maneuvers at the maximum output to check the completeness of the pulmonary vein isolation. 
2.26.1. MED: Few seconds Talent using catheter

2.26.2. SCREEN: Few seconds completeness being checked

2.27. Check the signals on the coronary sinus catheter to make sure that the stimulus does not capture the left atrium at this time as well.
TC: 1:47:20
2.27.1. SCREEN/MED: Shot of signals on coronary sinus catheter being checked

TC: 1:48:20
2.28. If necessary, move the ablation catheter around the circumferential lesions and stimulate the tissue with the maximum output from the tip of the ablation catheter to detect and close any “gaps” observed in the lesion set. 
2.28.1. SCREEN: Few seconds catheter being moved around lesions

TC: 1:50:50
2.28.2. SCREEN: Tissue being simulated

TC: 1:51:40
2.28.3. SCREEN: At least one gap being closed

2.29. If the atrium is captured, ablate until the local capture disappears for the area around all of the pulmonary veins as necessary. 
2.29.1. SCREEN: Few seconds local capture disappearing

TC: 1:52:50
2.30. Once the isolation line is complete, create a voltage map of the left atrium to determine where the atrium is healthy and where it is fibrotic using the cut-off values of 0.5 millivolts for normal tissue and 0.2 millivolts for scar tissue.
2.30.1. LAB MEDIA: Fig 2.bmp [Video Editor: with “where the atrium is healthy” please indicate the purple area; with “where it is fibrotic” please indicate a blue, yellow and grey area]

TC: 1:52:40-02:05:30
2.31. Next, to check for inducibility, initiate 10 second burst-pacings from the coronary sinus with cycle lengths of 300, 250, and 200 milliseconds of atrial refractory time to test the inducibilty of the left atrium. 
TC: 2:06:05
2.31.1. SCREEN: At least one 10 seconds burst being initiated

2.32. Then remove the transseptal sheath and catheters and antagonize the heparin with protaminsulfat. 
2.32.1. CU/SCREEN: Sheath being removed

2.32.2. CU/SCREEN: At least one catheter being removed

2.32.3. MED: Talent administering protaminsulfat
TC: 2:11:20
2.33. Finally, manually compress the femoral artery for 10 minutes. Then remove the sheaths from the groin and compress the puncture sites on both sides for another 10 minutes.
2.33.1. MED: Talent compressing FA

2.33.2. MED: Talent removing at least one sheath

TC: 2:12:37
2.33.3. CU: At least one puncture site being compressed

2.34. If there is no active bleeding, place pressure bandages on the punctures for 6 hours.
TC: 2:20:50
2.34.1. CU: At least one pressure bandage being placed  Concerning radiation exposure the overall radiation time of this procedure was 18 sec and the radiation dose was 94 cGy*cm² which equals approximately 0.2mSv (pronounce “milli siewert).
2.34.2. [added] Screen: show display with the final radiation dose and time (important!!).

3. Results: Representative non-fluoroscopic catheter visualization arrythmia treatment
3.1. If the left atrium has fibrotic tissue with low voltage areas as observed here, the chance of repeat arrhythmia increases …
3.1.1. LAB MEDIA: Fig 2.bmp

3.2. … compared to patients with healthy left atrial tissue.
3.2.1. LAB MEDIA: Fig 3.bmp
3.3. Using the pace and ablate approach, however, ablation of a paroxysmal atrial fibrillation can be successfully performed by electrically isolating all 4 pulmonary veins, as represented here.

3.3.1. LAB MEDIA: pace and ablate.bmp (Video Editor: with “as demonstrated here” please indicate red band of spheres and indicate 4 red arrows)

3.4. By stimulating with the maximum output from the ablation catheter, local gaps can be detected and immediately closed with simultaneous ablation. Indeed, as illustrated in the graph, even complex ablation procedures can be performed with minimal fluoroscopy exposure. 
3.4.1. LAB MEDIA: 500 proc.bmp (Video Editor: with “even … exposure” please indicate/add black data line)

3.5. The same results are observed with right atrial procedures, like the ablation of typical atrial flutter, atrioventricular-nodal-re-entrant-tachycardias, …

3.5.1. LAB MEDIA: right SVT.bmp (Video Editor: with “typical atrial flutter” please indicate/highlight the grey AFla data bar; with “AV-nodal-re-entrant tachycardias” please indicate/highlight the grey AVNRT data bar)

3.6. … and the implantation of cardiac resynchronization therapy devices. This is not only relevant for the patients but also for the staff in the electrophysiology lab, who are exposed to radiation daily.
3.6.1. LAB MEDIA: CRT fluodose.bmp (Video Editor: if possible, please add/highlight data line)

4. Conclusion (said by authors on camera)
4.1. Philipp Sommer: Once mastered, this technique can be completed in 2 hours if it is performed properly.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_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.  
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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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


