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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__NO__Yes_
Many of the surgical steps require a fluoroscope, can you make videos from the fluoroscope’s view or should we bring adaptors to connect a video camera to one of the fluoroscope’s ocular?
Answer: We performed our experiment on canines. I am not quite clear about your definition on fluoroscope, microscopy or X-ray fluoroscopy? Both the endocardial lead implantation and LBB ablation need X-ray fluoroscopy. We can store and record the video under X-ray fluoroscopy in our computer. But as for microscopy, we have no filming devices, and we think that our procedures may not need microscopy filming.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_NO_ 
C.  Location: Will the filming need to take place in multiple locations? (Y/N)  The filming may be performed between the animal lab and cardiac catheterization lab, which is about 50 meters away._ If yes, how far apart are the locations? _About 50 meters__ 

D. Surgery: Will your filming be of a surgical procedure? (Y/N) _Yes _
If yes, does the surgery move along quickly without pauses? (Y/N) _Yes_

Will the videographer have the opportunity during the surgical steps to introduce (small) cue cards to indicate where we are in the process?  Of course. Our experiment is a little complicated and there is sufficient time to introduce cue cards. 
E.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? 
2.4, 5.7, 5.11, 5.12, 5.13, 5.14  (Please list 4-6 individual steps using the step numbers listed in this document.  Please do not list entire sections.)
F.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

Answer: Mapping of left bundle branch potential is the most difficult aspect of our experiment. Preparation of various mapping and ablation catheters and experienced electrophysiological doctor helps to ensure our success. 

1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to describe a feasible and valid method to establish a chronic asynchronous heart failure model for studying benefits of cardiac resynchronization therapy.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jingfeng Wang: Rapid pacing together with left bundle branch ablation helps to establish a stable heart failure model for studying CRT performance, such as echocardiographic improvement, biologic and molecular modifications.
1.2. Zhenning Nie: The key point of this technique is the left bundle branch ablation, which prevents cardiac function recovery on discontinuation of rapid pacing.
1.3. Hanyan Chen: We first had the idea for this method when we found a significant recovery from heart failure once the rapid pacing was terminated.
1.4. Jingfeng Wang: The epicardial left ventricular lead implantation is performed by Mr. Yao Ruiming, the technician from our laboratory, who is expert at this procedure. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: 

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) in Zhongshan Hospital, Fudan University.

Protocol: (read by voice talent at JoVE)
2. Epicardial LV Pacing Electrode Implantation
2.1. After preparing the canine for the LV pacing electrode implantation, [1.WID-TXT] begin with a transverse incision from the left parasternal line at the fourth intercostal space in a right lateral decubitus position. [2.CU]
2.1.1. Establishing shot, pan around room showing tools, animals and talents all prepared to being the LV implantation surgery, TEXT: See the text protocol for surgical preparations.
2.1.2. First incision of surgery, read the narratives, often all the detail needed are there and the instruction here will be “film as written” 
2. After a blunt dissection of the thoracic muscle, open the left pleural cavity at the fourth intercostal space using sharp dissection.  Use a rib retractor to hold open the intercostal space.  [1.ECU]
2. Film as written
2. Next, carefully incise the lateral pericardium and open it using stay sutures to fully expose the LV lateral wall.  [1.ECU-TXT] Then, using a 4-0 suture, secure the LV pacing electrode to myocardium in one stitch. [2.ECU]
2. Film as written, show stay sutures being placed in this shot, TEXT: 0-suture stay sutures
2. Film as written, after stay sutures are placed
2. Now, measure the electrode lead parameters. [1.MED] Check that the pacing threshold and other parameters are correct and then [2.CU] proceed by removing the stay sutures and closing the pericardium with 2 stitches. [3.ECU]
2. Attaching analysis tool to electrode
2. Readings on analysis tool, showing pacing threshold and lead impedance both in correct value range (Authors’ Comment: The shooting moved on too quickly so that we failed to show the lead impedance in a correct value range.)
2. Film as written
2. Now, use two pericostal sutures to approximate the 4th and 5th ribs, using size-0-suture, and close the intercostal fascia muscularis with 5 stitches of 2-0/T sutures. Be sure to inflate the lungs adequately before the last suture. [1.ECU]
2. Film as written
2. Then, put the muscle layers back in place. [1.CU]
2. Film as written 
2. Next, build a subcutaneous tunnel above the deep fascia from the precordial area to. left cervix [1.ECU]

2. Film as written

2. Then, pull the terminal pin of the lead through the tunnel [1.ECU] and suture the lead around an insulation sleeve to the fascia. Embed the lead locally. To complete the surgery, provide penicillin and close the two incisions. [2.ECU]
2. Film as written, feeding the lead through from front end of tunnel
2. Film as written, pulling the lead out from other side of tunnel and securing it
3. RA and RV Pacing Electrodes Implantation
3. Implant the RA and RV pacing electrodes 2 weeks after the LV electrode implantation by when the animal should have recovered from the thoracotomy. [1.WID-TXT] Carry out the operation in a cardiac catheterization surgery room [2.MED] equipped with a fluoroscopy apparatus. [3.MED]
3. Talents carrying out preparatory steps, beagle should be anesthetized already, TEXT: See the text protocol for surgical preparations
3. Pan over the prepared tools

3. Pan over the fluoroscope and associated equipment
3. After preparing the animal for surgery, begin with a small vertical incision close to the preceding wound on the left side of cervical area. [1.CU/ECU]
3. Film as written
3. Then, using blunt dissection, separate the fascia to expose the left external jugular vein.  Be sure to carefully separate the vein from the connective tissues. [1.ECU]
3. Film as written
3. With the aid of stay sutures, cut a small hole on the vein using iris scissors. Then, using a vein pick, insert a passive J-shaped RA lead and active RV lead into the left external jugular vein. [1.ECU] [3.5.1]
3. Placing stay sutures, inserting RA lead and RV lead
3. If the fluoroscope is used to insert the lead, it will be useful to start showing that shot now
3. Now, under fluoroscopy, advance the RV lead to the lower right atrium or inferior vena cava. [1.LM] Then, withdraw the straight stylet from the RV lead and insert a J-shaped stylet. [2.ECU]
3. To be provided by authors – inserting and advancing lead to lower right atrium or inferior vena cava, fluoroscope footage
3. Film as written
3. With the help of the J-shaped stylet, introduce the lead across the tricuspid valve and into the outflow tract. Then, slowly withdraw both the lead and the stylet, allowing the lead tip to prolapse toward the RV apex. [1.LM]
3. To be provided by authors –advancing lead across tricuspid and into outflow tract, followed by withdrawing lead/stylet so tip prolapses to RV apex, fluoroscope footage
3. Now, replace the curved stylet with a straight one [1.ECU] and advance the lead towards the apex. Then, slowly withdraw the stylet a little. [2.LM]
3. replacing curved stylet with straight (Authors’ Comment: This section is for RA lead implantation instead of RV lead implantation.)
3. To be provided by authors – after replacing curved stylet with straight and advancing lead to apex, then withdrawing the stylet, fluoroscope footage. (Authors’ Comment: We suggest cutting the beginning 3 seconds of movie 3.7.2, namely, to start movie 3.7.2 from the 4th second.)
3. While keeping the RA lead directed toward the high anterior atrium, slowly withdraw the straight stylet. Then, retract the tip of the J-shaped lead into the appendage.  A characteristic to-and-fro motion of the electrode with atrial activity may be observed.  [1.LM]
3. To be provided by authors – retracting J-lead into appendage, fluoroscope footage, show to-fro motion of electrode if possible
3. After obtaining satisfactory lead parameters and checking the stability of both leads, tighten the suture proximal to the venotomy.  Then, tie down both leads to the underlying deep fascia around the suture sleeves. [1.ECU]
3. Tightening down sutures and securing leads
3. Then, check the positioning of the leads under a fluoroscopy before proceeding with the pulse generator implantation. [1.LM]
3. To be provided by authors – checking leads after securing with sutures,  fluoroscope footage. (Authors’ Comment: We suggest cutting the beginning 6 seconds of movie 3.10.1, namely, to start movie 3.10.1 from the 7th second.)
4. Pulse Generator Implantation
4. For sham surgeries, skip this procedure. [1.WID] To implant the pulse generator, first dissect bluntly with the aid of a curved clamp to make a pocket for the pulse generator near the venous entry, just above the fascial layer and below the subcutaneous fat. [2.ECU]
4. Establishing shot, team in the process of the surgery having just finished lead placement

4. Film as written
4. Next, clean and dry the lead pins. Cover the terminal pin of the atrial lead with an insulating sleeve [1.ECU] and suture the lead to the floor of the pocket. [2.ECU]
4. Cleaning/drying lead pin and covering it with insulating sleeve
4. Securing the lead with sutures to pocket made by blunt dissection
4. Then, insert the ventricular lead into a pacemaker pulse generator and tighten it with the distal connec​tor pin past the set-screws of the generator. [1.ECU]
4. Film as written
4. Now, place the generator into the pocket and coil the redundant leads beneath the device. Then, secure the generator to the fascia using another suture through the tie-down hole.  [1.ECU]
4. Film as written
4. Now, perform a fluoroscopic examination of the entire system and check for homeostasis.  [1.LM]
4. To be provided by authors, checking over the implanted generator and leads by fluoroscope
4. To complete the surgery, sprinkle 200,000 units of penicillin into the pocket and suture the superficial fascia layer closed using 2-0/T sutures.  Then, approximate the skin edges with 0-sutures. [1.ECU]
4. Film as written, not all of the skin suturing, or any of it, needs to be filmed
5. Right-sided His Bundle and Left Bundle Branch (LBB) Potentials and LBB Ablation 
5. Carry out the catheter ablation under the guidance of fluoroscopy. [1.WID] Have a multi-channel electrophysiological recorder [2.MED] prepared for simultaneous surface and intracardiac electrogram recording. [3.MED-TXT]
5. Establishing shot, show fluoroscope ready, e-phys recorder in area and animal prepared to be shaved
5. Establish the talent interfacing with the e-phys recorder
5. Programming the recorder, TEXT: 30–400 kHz bipolar, 0.05–500 kHz unipolar; 5,000x amplification, 100 mm / s sweeps 
NOTE: if the e-phys recorder outputs to computer screen, every shot to do with filming the recorder screen should be replaced with a SCREEN shot.  Please make these changes as needed.
5. Shave the hair off the chest, back, and right inguinal region.  Keep the animal in a supine position. [1.MED]
5. Shaving the hair off the animal
5. The first surgical steps are to insert sheaths into the femoral vein and [1.CU] femoral artery for catheter placement, this is described in detail in the text protocol. [2.CU]
5. Inserting sheath into femoral vein, broad view of any representative step
5. Inserting sheath into the femoral artery, broad view of any representative step
5. To proceed, advance a 6-French steerable quadripolar catheter into the femoral vein [1.CU] and connect the end of the catheter to the recorder. [2.MED]
5. Inserting catheter into sheath in femoral vein
5. Connecting catheter to the e-phys recorder
5. Then, pass the catheter into the right atrium and across the tricuspid valve until it is clearly in the right ventricle. [1.LM] Using a right anterior oblique 30-degree view, withdraw the catheter across the tricuspid orifice [2.LM] until the atrial potential appears and it increases in amplitude. [3.CU]
5. To be provided by author, fluoroscope view of passing catheter into right atrium and then ventricle
5. To be provided by author, changing view as described, and withdrawing the catheter 
5. View of e-phys meter: the atrial potential appearing and increasing in size
5. When the atrial and ventricular potentials are approximately equal in size, [1.CU] a biphasic or triphasic deflection will appear between them. This represents the right-sided His bundle potential.  [2.ECU]
5. View of e-phys meter: Show the atrial and ventricular potentials, talent points them out if not clear
5. View of e-phys meter: Detail of the biphasic or triphasic deflection appears between the two potentials, talent point it out with finger/probe
5. Now, introduce a number-7-French, 4-mm-tip steerable ablation catheter into the femoral artery to map the left bundle branch potential. [1.ECU] Then, connect the ablation catheter to the RF-generator [2.CU] and to the multi-channel electrophysiological recorder. [3.CU]
5. Inserting the ablation catheter into sheath
5. Connecting end of ablation catheter to RF generator
5. Connecting end of ablation catheter to e-phys recorder
5. Using a right anterior oblique 30-degree view, pass the arterial catheter retrogradely across the aortic valve and advance it into the left ventricle [1.LM]. There, deflect the catheter tip toward the interventricular septum where it should remain in contact with the septum.  [12.LM]
5. To be provided by authors, 30º view of passing the catheter retrograde to the aortic valve into LV. , and deflection of catheter tip toward interventricular septum (Editor: The authors couldn’t film these two actions together, so they split the step into two shots, 5.8.1 and 5.8.2)
5. [Added Shot]: To be provided by authors, deflection of catheter tip toward interventricular septum.
5. Now, using a left anterior oblique 45-degree view, slowly withdraw the catheter along the septum [1.LM] until the left-sided His bundle potential is recorded between atrial and ventricular electrogram, just below the aortic valve. [2.CU]
5. To be provided by author – 45º view of withdrawing catheter along septum
5. View of the e-phys recorder showing the His bundle potential appearing again 
Video editor, a split screen or PiP of e-phys recorder would be nice.
5. Then slightly advance the catheter along the septum and manipulate the tip [1.LM] to identify a discrete left bundle potential, which is recorded beneath the aortic valve. [2.CU] It is usually located 1 to 1.5 cm inferior to the left-sided His bundle recording site. [5.10.1]
5. To be provided by author – slowly advancing the catheter along septum to position where discrete left bundle potential is seen
5. View of the e-phys recorder showing the discrete left bundle potential, include potential-to-ventricular electrogram interval 9 ms shorter than the HV-interval and an A/V electrogram ratio < 1:10
Video editor, a split screen or PiP of e-phys recorder would be nice.
5. When the potential-to-ventricular electrogram interval is 10 milliseconds or so shorter than the HV-interval and the A/V electrogram ratio of less than 1-to-10, then the left bundle potential has been identified. [5.10.2]

5. Reusing shot – Authors, if you have a figure to show these nuances of the left bundle potential, that may work better than us video-taping the recording equipment (Authors’ Comment: The 10 millisecond time interval is approximate)
5. Next, perform the ablation with the RF generator, unless it is a sham surgery. [1.MED] Deliver 500 kHz of unmodulated sine-wave energy at 30 to 40 Watts to achieve a target temperature of 60 °C at the electrode-tissue interface. [2.LM-TXT]
5. Establish the surgical setting, just before the ablation, talent can be interfacing with equipment
5. To be provided by authors, fluoroscope view of ablation taking place, TEXT: 500 kHz, 30 – 40 W to 60 ºC (Authors’ Comment: The fluoroscope screen could not show 500kHz, 30-40W to 60 °C. However, it could be demonstrated as narratives or TEXT.)
5. When a typical LBBB QRS morphology appears on the surface electrogram, continue the energy application. [1.CU-TXT] [2.CU-TXT] Then, observe the surface electrogram for a stabilization period of 30 minutes. [3.CU-TXT]
5. View of recorder: LBB QRS morphology on surface electrogram, TEXT: See the text protocol for details, Continue energy application for 60 – 90 s or until impedance suddenly rises. 
5. View of recorder: sudden rise in impedence, TEXT: 60 – 90 s of energy (Authors’ Comment: Due to the instantaneous change, we failed to capture this scence. Anyway, the narrative could remain as it was. Editor: If you can, continue showing 5.13.1 though this VO).
5. View of recorder: stabilization period, 10-15 seconds of footage, TEXT: 0.5 h stabilization
5. To complete the procedure, remove both catheters. Then, remove the sheaths and tighten the suture knots rapidly to prevent hemorrhaging. [1.ECU] Lastly, provide penicillin and close the incisions. [2.CU-TXT]
5. Removing catheters/sheaths, tying off knots
5. Applying Pen, suturing the incisions, TEXT: 200,000 U Pen 
6. Results: Measurable Gains from Cardiac Resynchronization Therapy (CRT)
6. The typical surface and intracardiac electrogram in the course of catheter ablation shows the mean LBP-V to be about 10 milliseconds shorter than the baseline H-V interval and, [1.LM] after the LBB ablation, the QRS duration is prolonged. [2.LM]
6. Fig 2.tif – show panel A, Add the red arrow with LPB label at “the mean LBP-V”
6. Fig 2.tif – fade to panel B
6. Baseline echocardiographic parameters showed no difference between the groups. [1.LM] After the experimental intervention the heart failure group had an obvious deterioration in cardiac function, from which no measured parameter improved over eight weeks of observation. [2.LM] However, with 8-weeks of CRT the left ventricle end-diastolic volume returned to normal [3.LM] as did the left ventricle end-systolic volume. [4.LM] CRT also returned the lost left ventricle ejection fraction. [5.LM] 
6. Fig 3.tif – show the top four graphs, include only the baseline data bars (light color), alter them to have some color, move the key to the bottom of the screen so that there is just one for all four graphs, increase the size of the Y-axis labels
6. Fig 3.tif – now add the end of experiment bars to the four graphs, including the ** and # symbols, alter them to have some color
6. Fig 3.tif – zoom in on upper left graph
6. Figure3.tif – fade to upper right graph

6. Figure3.tif – fade to middle left graph (bottom left not counting aVTI, which we’re leaving off screen because of fit), then return to all graphs (6.2.2)
6. Longitudinal strain curves of six segments from each plane, [1.LM] made by speckle tracking analysis, [2.LM] showed an example of longitudinal strain curves of six segments created by tracking algorithm from APLAX view. A measurable increase in the dispersion of the time to peak longitudinal strain was seen in the heart failure group. By contrast, the therapy corrected the asynchrony. This was observable in the four-chamber view, the two-chamber view and in the long axis view. [3.LM]
6. Fig 4.tif – show A1 panel
6. Fig 4.tif – fade to A2 panel
6. Figure4.tif – fade to A3 panel, highlight A4C at “four-chamber”, highlight A2C at “two chamber” and highlight APLAX at “long axis”
6. Furthermore, the heart failure animals presented a significantly lower aortic velocity-time integral than the shams.  This metric was significantly increased by the CRT.
6. Fig 4.tif – Begin with showing just B1 (Sham) panel, then remove everything but the green curve at the bottom and the title (Sham).  Next add the titles and green curves for panels B2 and B3, so there are three titles and three curves. Replace B1 with Sham, replace B2 with HF Control and replace B3 with CRT.
6. Histology revealed a remarkably decrease in cardiomyocyte diameter and a significant increase in the collagen volume fraction in the heart failure group. [1.LM] However, 8 weeks of CRT provided a significant restoration of these metrics, indicating that the therapy invoked remodeling of the tissue. [2.LM]
6. Fig 5.tif – the left four panels, turn the left labels vertically to save room
6. Fig 5.tif – shrink the graphic slightly so all six panels can fit the screen
7. Conclusion (said by authors on camera)
7. Jingfeng Wang: After watching this video, you should have a good understanding of how to establish a chronic heart failure model with isolated LBBB for studying CRT benefits.  
7. Haiyan Chen: Following the left bundle branch ablation, methods other than rapid pacing can be used to induce ischemic heart failure, such as a coronary ligation.  
7. Zhenning Nie: This well-established technique has paved the way for researchers to study cardiovascular diseases in large-animal models of heart failure. 
7. Zhenning Nie: While attempting the left bundle branch ablation, it’s important to be well acquainted with cardiac electrophysiology and cardiac anatomy, especially under fluoroscopy.  

Provided Media

6.1 – Fig 2.tif - Surface and intracardiac electrogram recorded before and after catheter ablation.

6.2 – Fig 3.tif - Bar graphs for LVEDV, LVESV, LVEF, PSD and aVTI among the three groups. 
6.3 and 6.4 – Fig 4.tif - Speckle tracking strain imaging and aortic velocity-time integral measurement.
6.5 – Fig 5.tif - Typical photography of the HE staining(400×) and Masson’s trichrome staining (400×)
Please list the names of all the other files used for this project here, such as the screen captures of the fluoroscope view and possibly the screen captures of the e-phys recorder.
Fluoroscope footage (.avi): 3.5.1,  3.6.1,  3.7.2,  3.8.1,  3.10.1,  4.5.1,  5.5.1,  5.5.2,  5.8.1,  5.8.2, 5.9.1,  5.10.1,  5.12.2

Screen captures of the e-phys recorder(.tif). 5.5.3,  5.6.1,  5.6.2,  5.9.2,  5.10.2,  5.11.1,  5.13.1   
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 are included in the email accompanying the finalized script.
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