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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include descriptions of software usage? Y

If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.4; 3.3; 3.5; 4.2; 5.6; 5.8; 5.12

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  5.12

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 this procedure is to create a reliable and reproducible piglet model of chronic thromboembolic pulmonary hypertension to study the mechanisms of chronic right ventricular dysfunction. (Intro) This is accomplished by first performing a ligation of the left main pulmonary artery in a 3-week-old piglet. (P1) In the second step, the mean pulmonary vascular resistance is increased by a progressive obstruction of the pulmonary vascular bed. (P2) Next, the right ventricular function is assessed by echocardiography (P3) and the tight ventricular-pulmonary arterial coupling is measured by right ventricular pressure-volume loop assessment. (P4) In the final step, fresh right ventricular tissue is harvested through endomyocardial biopsies.  (P5) Ultimately, the resulting pulmonary and right ventricular remodeling can be assessed by histological analysis. (P5)
From animation JoVE_PE_150427.pptx
(P1) show slide 1 then slide 2
(P2) show slides 3-7
(P3) show slide 8
(P4) show slide 9

(P5) show slide 10
(P6) figure 3_JoVE_150405.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Olaf Mercier: This model can help answer key questions regarding the underlying mechanisms of right ventricular dysfunction, such as what factors play a role in the metabolic and mitochondrial disorders of cardiomyocytes? 

Protocol (read by voice talent at JoVE):
2. Left pulmonary artery ligation
2.1. Before beginning the procedure, place a continuous monitoring device on a 3 week old, anesthetized piglet [2.1.1.-WIDE-TXT]. Then, under echography guidance, insert an arterial fluid field catheter through the carotid artery to monitor the systemic arterial pressure [2.1.2.-CU].
2.1.1. Talent placing device on piglet [TEXT: fentanyl 0.005 mg/kg + propofol (2 mg/kg) iv bolus]

2.1.2. Few seconds catheter being placed (use the 2.1.2B, it’s the right catheter)
2.2. Next, with the piglet in the left side-lying position, shave the operative area [2.2.1.-CU] and disinfect the skin with an alcohol solution [2.2.2.-CU].
2.2.1. Few seconds area being shaved

2.2.2. Few seconds skin being disinfected, with alcohol solution container label visible in frame if possible (TEXT: Use local sterile field during procedure)
2.3. Then, to ligate the left pulmonary artery, open the chest through a 5-10 cm left lateral thoracotomy in the 4th intercostal space, taking care not to go behind the tip of the scapula [2.3.1.-CU], and carefully retract the lung towards the diaphragm [2.3.2.-CU].
2.3.1. Few seconds incision being made

2.3.2. Few seconds lung being retracted
2.4. When the ideal surgical window has been located [2.4.1.-CU], retract the left azygos vein [2.4.2.-CU]. 

2.4.1. Shot of surgical window and beginning of surgery
2.4.2. Few seconds vein being retracted

2.5. Then dissect the main left pulmonary artery [2.5.1.-CU], followed by ligation with a non-absorbable 2-0 silk, taking care not to open the pericardium [2.5.2.-CU-TXT]. 

2.5.1. Few seconds artery being dissected

2.5.2. [combined with 2.5.1] Few seconds silk being tied (TEXT: Close chest with absorbable sutures) 
3. Right lower lobe pulmonary artery embolization  (THIS PART GOES AFTER STEP 5)
3.1. To embolize the right lower pulmonary artery, begin by placing continuous monitors on the piglet as just demonstrated [3.1.1.-WIDE-TXT].

3.1.1. Few seconds Talent placing monitor(s) on piglet (TEXT: i.e. continuous oxymetry, expiratory CO2, EKG, mPA, mPAP)

3.2. Then, using echographic guidance and holding the catheters at a 45° angle, percutaneously insert an arterial 6 French catheter into the carotid artery for blood pressure monitoring [3.2.1.-CU] and an 8 French sheath into the superior vena cava through the jugular vein 2 cm above the suprasternal notch [3.2.2.-CU].

3.2.1. Few seconds 6 French catheter being inserted

3.2.2. Few seconds 8 French catheter being inserted

3.3. Under fluoroscopic guidance, insert a 5 French angiographic catheter through the 8 French sheath into the right pulmonary artery [3.3.1.-CU] until the tip of the catheter is in a segmental lower lobe pulmonary artery [3.3.2.-SCREEN].
3.3.1. Few seconds 5 French catheter being inserted 
3.3.2. *To be provided by Authors
3.4. When the catheters are in place, inject 0.2-0.4 ml of freshly prepared pulmonary artery embolization material into the pulmonary artery [3.4.1.-CU-TXT].
3.4.1. Few seconds material being injected (TEXT: See text for all media/reagent preparation details) 

3.5. Then assess the tolerance of the embolization by measuring the mean pulmonary artery pressure to mean systemic blood pressure ratio [3.5.1.-MED/SCREEN], repeating the embolization until the oxygen saturation is < 90%, the mean systemic blood pressure drops under 60 mm of mercury, and-or the cardiac output is under 2 liters/min [3.5.2.-MED/SCREEN].
3.5.1. Few seconds Talent measuring mean pulmonary artery pressure to mean systemic blood pressure ratio OR *To be provided by Authors (footage from 59/00/00)
3.5.2. Talent stopping embolization OR *To be provided by Authors
4. Hemodynamic assessment and echocardiographic assessment of the right ventricle
4.1. To perform a hemodynamic assessment, catheterize the piglet under general anesthesia with continuous monitoring [4.1.1.-WIDE] and under echographic guidance as just demonstrated [4.1.1.-MED].
4.1.1. Talent placing monitor(s) onto piglet (Videographer: More Talent than piglet in shot as possible) (insert 4.5 between 4.1.1 and 4.1.2)
4.1.2. Few seconds Talent placing at least one catheter (Videographer: More Talent than piglet in shot as possible)
4.2. Insert a 7 French Swan-Ganz catheter into the pulmonary artery trunk at this time as well [4.2.1.-CU].
4.2.1. Few seconds catheter being placed
4.3. Then inject 10 ml of 4°C saline solution through the Swan-Ganz catheter to assess the cardiac output [4.3.1.-CU-TXT].
4.3.1. Few seconds saline being injected (TEXT: Record systolic, diastolic and mPA, mPAP, heart rate, O2 saturation, right atrial pressure, and cardiac output)

4.4. To assess the right ventricle by echocardiography, install the piglet in the supine position [4.4.1.-MED-TXT].
4.4.1. Talent placing piglet supine (Videographer: More Talent than piglet in shot) (TEXT: Anesthesia: General)

4.5. Then perform a transthoracic echocardiography according to the human guidelines for right ventricle screening [4.5.1.-MED], recording the video loops during an end-expiratory pause [4.5.2.-MED-over the shoulder/SCREEN]. (this step goes between 4.1.1 and 4.1.2)
4.5.1. Talent placing probe(s) onto piglet or other representative shot (Videographer: More Talent than piglet in shot as possible)
4.5.2. Talent looking at loops on screen OR *To be provided by Authors  

5. Pressure-Volume loop assessment and endomyocardial biopsy of the right ventricle
5.1. For pressure-volume loop assessment, under general anesthesia with continuous monitoring, insert an arterial 8 French catheter into the right or left carotid artery [5.1.1.-WIDE] and an angiographic catheter into the left ventricle [5.1.2.-MED].
5.1.1. Few seconds 6 8 French catheter being placed (Videographer: More Talent than piglet in shot as possible)
5.1.2. Few seconds angiographic catheter being placed (Videographer: More Talent than piglet in shot as possible)
5.2. Then insert a 12 French sheath into the inferior vena cava [5.2.1.-CU], an 8 French into the right or left femoral vein [5.2.2.-CU-TXT] and an arterial PiCCO 
catheter into the right or left femoral artery [5.2.3.-CU-TXT].
5.2.1. Few seconds 9 12  French sheath being inserted

5.2.2. Few seconds 8 French PiCCO catheter being inserted (TEXT: Insert all catheters percutaneously under echographic guidance)
5.2.3. EXTRA WIDE picture of all catheters in place
5.2.4. Few seconds PiCCO catheter being inserted (TEXT: Insert all catheters percutaneously under echographic guidance)
5.3. Next, perform the pressure and volume calibration of the conductance probe according to the manufacturer’s recommendations [5.3.1.-MED].
5.3.1. Few seconds Talent performing representative calibration shot
5.4. To measure the blood resistivity, harvest 5 ml of arterial blood [5.4.1.-CU], de-air the syringe [5.4.2.-CU] and fill the probe [5.4.3.-CU].
5.4.1. Few seconds blood being harvested

5.4.2. Few seconds syringe being de-aired

5.4.3. Few seconds probe being filled
5.5. Then insert the conductance catheter into the right ventricle through the 9 French sheath in the superior vena cava [5.5.1.-CU].
5.5.1. Few seconds catheter being inserted 

5.6. Using fluoroscopic guidance, introduce the tip of the catheter into the apex of the right ventricle [5.6.1.-CU/SCREEN] and insert as much of the catheter as possible into the rest of the ventricle [5.6.2.-CU WID/SCREEN].  
5.6.1. Tip being introduced into apex OR *To be provided by Authors (Videographer: Combine 5.6.1. and 5.6.2. as appropriate)

5.6.2. Catheter being inserted into ventricle OR *To be provided by Authors (Videographer: Combine 5.6.1. and 5.6.2. as appropriate) 
5.7. After confirming that the volume segments of the probe are in diastole and systole phase by the “good” shape of the loop [5.7.1.-MED], insert an expendable balloon into the inferior vena cava through the femoral vein, placing the extremity just below the right atrium [5.7.2.-CU/SCREEN].
5.7.1. Talent looking at loops on monitor

5.7.2. Few seconds balloon being inserted OR *To be provided by Authors (CU + screen at the end)
5.7.3. Extra inflate balloon

5.8. Then record the pressure-volume loops of the right ventricle under basal conditions [5.8.1.-LM] and during inferior vena cava occlusion [5.8.2.-LM].

5.8.1. figure 7 JoVE (640x478).jpg: please highlight top two graphs

5.8.2. figure 7 JoVE (640x478).jpg: please highlight bottom two graphs
5.9. For endomyocardial biopsy of the right ventricle, percutaneously insert a 10 French sheath into the superior vena cava [5.9.1.-CU-TXT] and a 7 French Swan-Ganz probe and a long 7.5 French catheter sheath into the right atrium [5.9.2.-CU].
5.9.1. Few seconds sheath being placed  (TEXT: General anesthesia w/ continuous monitoring) (see 4.1.2)
5.9.2. Few seconds probe and sheath being placed (Videographer: Split action into separate shots as necessary)

5.10. When the tip of the Swan-Ganz probe is in place within the right ventricle [5.10.1.-SCREEN], inflate the balloon of the probe [5.10.2.-SCREEN] and push the long-sheath catheter within the right ventricle against the balloon [5.10.3.-SCREEN].
5.10.1. [5.10.1 to 5.11.1, 5.11.3 combined] Shot of probe in place

5.10.2. Few seconds balloon being inflated 
5.10.3. Few seconds catheter being placed against balloon 

5.11. Then deflate the balloon [5.11.1.-SCREEN] and remove the probe [5.11.2.-CU], leaving the long-sheath catheter in place [5.11.3.-SCREEN-TXT]. 

5.11.1. Few seconds balloon being deflated 
5.11.2. Probe being removed

5.11.3. Shot of sheath catheter in place (TEXT: Control long sheath tip position by fluoroscopy + echocardiography) 
5.12. Finally, insert a biotome into the long-sheath [5.12.1.-CU] and perform endomyocardial biopsies under echographic, fluoroscopic and EKG control [5.12.2.-SCREEN].
5.12.1. Few seconds biotome being inserted

5.12.2. Few seconds one biopsy being collected (CU of the sample at the end)
6. Results: Representative chronic pulmonary hypertension model analysis
6.1. As demonstrated is this intraoperative view, an increase of the systemic vasculature of the lung and bronchial circulation hypertrophy was noted in the obstructed left lung, right lower lobe [6.1.1.-LM] and mediastinal pleura territories [6.1.2.-LM]. 
6.1.1. 53133_Guihaire_Figure 2a JoVE.tiff: no animation

6.1.2. 53133_Guihaire_Figure 2a JoVE.tiff: please add/indicate *
6.2. Large and numerous submucosal bronchial small arteries were also observed in the obstructive left lung and right lower lobe as well, reflecting an increase in angiogenesis in these areas [6.2.1.-LM].
6.2.1. 53133_Guihaire_Figure 2b JoVE.tiff: no animation

6.3. Post obstructive pulmonary vasculopathy with media hypertrophy was also found in the obstructed areas of the left lung and right lower lobe [6.3.1.-LM], with overflow vasculopathy observed in the non-obstructive areas of the right upper lobe [6.3.2.-LM].
6.3.1. 53133_Guihaire_Figure 2c JoVE.tiff: please add/highlight/indicate arrow

6.3.2. 53133_Guihaire_Figure 2c JoVE.tiff: no animation

6.4. As these images illustrate, a chronic obstruction of the right lower pulmonary artery lobe by an unresolved thrombus of N-butyl-2-cyanoacrylate and fibrin was also evident [6.4.1.-LM]. 
6.4.1. 53133_Guihaire_Figure 2d JoVE.tiff: no animation
6.5. Six weeks later, the right ventricle and atrial areas, right ventricle diameters and right ventricle wall thicknesses were increased [6.5.1.-LM].
6.5.1. video1 JoVE.m4v: no additional notes

6.6. After repeated embolizations, a significant enlargement of the right ventricle, associated with right ventricular hypertrophy, was noted intraoperatively [6.6.1.-LM].
6.6.1. video2 JoVE.m4v: no additional notes

6.7. This increase in right ventricular hypertrophy [6.7.1.-LM] correlated with an increase in the mean pulmonary arterial pressure [6.7.2.-LM].

6.7.1. 53133_Guihaire_Figure 3h JoVE.tiff: please add/highlight/indicate open square data points

6.7.2. 53133_Guihaire_Figure 3h JoVE.tiff: please add/highlight/indicate closed circle data points
6.8. Further, pressure-volume analysis revealed an impaired function of the right ventricle [6.8.1.-LM] with an accompanying decrease in the ventricular-arterial coupling [6.8.2.-LM].
6.8.1. Table 3 JoVE.xls: please highlight the RV stroke Work and RV elastance, ees: 6 week cells (i.e. 2248+148 and 0.40+0.06)

6.8.2. Table 3 JoVE.xls: please highlight the RV coupling: 6 week cell (i.e. 0.78+1)

7. Conclusion (said by authors on camera)
7.1. Olaf Mercier: After its development, this model paved the way for researchers in the field of right ventricular dysfunction to explore metabolic and mitochondrial cardiac disorders and to allow the evaluation of various therapeutic assays. 

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.  

animation JoVE_PE_150427.pptx

figure 7 JoVE (640x478).jpg
6.1.1_ 53133_Guihaire_Figure 2a JoVE.tiff (Macroscopic bronchial circulation hypertrophy in pleura)

6.2.1_ 53133_Guihaire_Figure 2b JoVE.tiff (Macroscopic subpleural vasculature hypertrophy)

6.3.1_ 53133_Guihaire_Figure 2c JoVE.tiff (Hypertrophy of the media in the small pulmonary arteries in the non obstructed territories)

6.4.1_ 53133_Guihaire_Figure 2d JoVE.tiff (unresolved thrombus of N-butyl-2-cyanoacrylate in the right lower lobe pulmonary artery)

6.5.1_ 53133_Guihaire_Video1 JoVE.m4v (echocardiography loops)

6.6.1_ 53133_Guihaire_Video2 JoVE.m4v (intraoperative view of dilated and hypertrophied right ventricle)

6.7.1_ 53133_Guihaire_Figure 3h JoVE.tiff (correlation between the Fulton ratio and the mPAP)

6.8.1_ 53133_Guihaire_Table 3 JoVE.xls 

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.
�Authors: there are some instances where SCREEN capture shots are recommended; please use these instructions to obtain the appropriate shots for the video


�Authors: how do you pronounce? “pee-koh”? “pie-koh”?
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