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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees self-record interview statements. JoVE can provide support for this option.



3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: xxxxxxx


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  13
Number of Shots:  32 (1 Screen) 

Interviews 


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. Bastiaan J. Boukens: Our research focuses on understanding cardiac arrhythmias in the atria and the ventricles, particularly in relation to cardiac mechanics.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Bastiaan J. Boukens: Blood perfusion prevents the heart-muscle swelling seen with crystalloid perfusion, which alters electrophysiological and mechanical function.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Bastiaan J. Boukens: In Langendorff perfusion, we control the coronary perfusion, letting us induce and terminate ventricular arrhythmia while keeping the muscle healthy.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Bastiaan J. Boukens: Advanced Langendorff perfusion allows cardiac electrophysiology and mechanics to be measured simultaneously, so that their relationship can be established.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Ethics Title Card
This research has been approved by the Central Authority for Scientific Procedures on Animals in the Netherlands.

Authors: The statement should match the manuscript’s ethics statement. Please correct the manuscript’s ethics statement by emailing proofreading@jove.com


Protocol  
2. Langendorff Cannulation and Perfusion Setup
Demonstrator: Arne van Hunnik


Authors: I have reordered this chapter as you asked. The direct coronary work now comes first (steps 2.3 to 2.7), and the aortic cannulation, the Coronel test and the venting follow it as steps 2.8 to 2.10. Please read the chapter through once in this new order and confirm that it is correctly written.

2.1. To begin, collect whole blood from the donor animal and mix it with modified Tyrode's solution to prepare the recirculating perfusate [1]. Continuously oxygenate the perfusate with carbogen and warm it to the physiological temperature of the donor mammal [2-TXT].
2.1.1. WIDE: Talent showing the blood collected in a tube. Authors: You need not show the animal — blood, or a red solution that mimics blood, is enough. Please send us the footage once you have it.
2.1.2. Talent oxygenating the perfusate with carbogen. TXT: Perfusate: 38-38.5 °C for pig and sheep hearts
2.2. Prepare a bath of ice-cold modified Tyrode's solution and immerse the excised mammalian heart in it [1].
2.2.1. LAB MEDIA: Movie 10 00:00-00:02.

2.3. Open the fatty layer above the right coronary ostium and follow the course of the coronary artery [1]. Carefully isolate approximately 3 to 5 millimeters of the proximal segments of the right and left main coronary arteries, freeing the sides of each vessel [2] and the deepest layer beneath it so that suture material can be passed [3].
2.3.1. LAB MEDIA: Movie 4 00:00-00:18.
2.3.2. LAB MEDIA: Movie 4 00:41-01:11.
2.3.3. LAB MEDIA: Movie 4 02:36-02:54.

2.4. Place 0 (zero) silk sutures beneath each vessel to allow the coronary cannulas to be fixed later [1].
2.4.1. LAB MEDIA: Movie 5 00:40-00:56.

2.5. Determine the optimal aortic entry site through the aortic wall into the coronary ostia based on the cannula shape [1]. Place two purse-string sutures around each entry site to prevent leakage and reduce the risk of aortic wall rupture [2].
2.5.1. LAB MEDIA: Movie 6 00:04-00:12.
2.5.2. LAB MEDIA: Movie 6 02:42-02:50.

2.6. Using a scalpel with blade 11, create an incision of sufficient size to introduce the cannula [1]. Insert the cannula into the coronary artery, positioning it as proximally as possible [2], and secure it with the previously placed sutures [3].
2.6.1. LAB MEDIA: Movie 7 00:06-00:08 and 00:16-00:20.
2.6.2. LAB MEDIA: Movie 7 00:40-00:55.
2.6.3. LAB MEDIA: Movie 7 00:58-01:10.

2.7. Ensure that both the aorta and the cannula are completely filled with Tyrode's solution to prevent air embolism, then close the purse-string sutures securely [1]. The perfusate effluent will drain mainly through the coronary sinus; direct it either to the reservoir or, after cannulating the pulmonary artery, through right ventricular pumping [2].
2.7.1. LAB MEDIA: Movie 7 01:32-01:44 and 02:18-02:40.
2.7.2. LAB MEDIA: Movie 11 00:00-00:07.

2.8. Select a cannula that matches the relaxed aortic diameter and does not exceed the aorta's physiological expansion of approximately 10 to 20 percent [1]. Cannulate the ascending aorta approximately 4 centimeters above the coronary ostia [2] and secure it with a suture to prevent leakage [3].
2.8.1. Talent showing the cannula. Authors: Please provide the image. Also, let us only focus on the Advanced Langendorff system to avoid confusion in the video 
2.8.2. LAB MEDIA: Movie 8 00:07-00:12 and 00:32-00:40.

2.9. Perform the Coronel test to make sure that the cannula is properly fixed in the aorta [1].
2.9.1. LAB MEDIA: Movie 8 00:42-00:48.

2.10. Optionally, attach a hemostatic valve at the brachiocephalic artery so that a catheter can be placed later [1].
2.10.1. LAB MEDIA: Movie 9 00:15-00:22 and 00:34-00:55.

2.11. For experiments under loading conditions, cannulate the left atrium to supply blood and to control preload [1]. Choose the cannula size and the vessel for ligation according to the species, since the left atrial posterior wall varies; the left pulmonary vein is the preferred site because of its relatively large ostium [2]. Then, repeat the Coronel test to confirm that the pulmonary vein cannula is properly fixed [3].
2.11.1. LAB MEDIA: Movie 10 00:05-00:42.
2.11.2. LAB MEDIA: Movie 10 02:58-03:19.
2.11.3. LAB MEDIA: Movie 10 03:44-04:04.

2.12. Connect the aortic cannula to the perfusion apparatus to complete the setup and begin coronary perfusion [1].
2.12.1. LAB MEDIA: Movie 12 00:12-00:20.

2.13. Finally, allow an equilibration period of 10 to 15 minutes for the heart to transition from a quiescent state to a spontaneously beating state, while monitoring the perfusion pressure, flow, temperature, pH, oxygenation, and electrolytes [1]. Then, position the recording and stimulation electrodes and monitor the electrograms on the display [2-TXT].
2.13.1. LAB MEDIA: Movie 12 00:20-00:30.
2.13.2. Talent monitoring the electrograms on the display. TXT: See text protocol for electrophysiological assessment
Authors: The shot 2.13.2 can also be a screen capture of the traces.



Results

3. Results 

3.1. Immediately after connection, the heart remained hypothermic and in ventricular fibrillation [1]. Coronary perfusion was nevertheless already established, with a stable coronary pressure and stable left and right coronary flow [2].
3.1.1. LAB MEDIA: Figure 4B. Video editor: Please emphasize the black ventricular electrogram labeled “VF”.
3.1.2. LAB MEDIA: Figure 4B. Video editor: Please emphasize the green coronary pressure trace and the red and blue coronary flow traces to the left of the blue shaded section.
3.2. Because hypothermia increases coronary resistance, the coronary perfusion pressure was elevated [1], and the flow signals mainly reflected the pulsations of the roller pump [2].
3.2.1. LAB MEDIA: Figure 4B. Video editor: Please emphasize the elevated peaks of the green coronary pressure trace to the left of the blue shaded section.
3.2.2. LAB MEDIA: Figure 4B. Video editor: Please emphasize the repeating peaks above the label “Roller pump pulsations”.
Authors: The label “Roller pump pulsations” in Figure 4B sits under the green coronary pressure trace, while the Representative Results attribute the roller-pump pulsations to the flow signals. I have kept the manuscript's wording. Please confirm, or move the label if it belongs to the flow panel.

3.3. After a direct current shock, organized electrical activity was restored, and the ventricle was then paced [1].
3.3.1. LAB MEDIA: Figure 4B. Video editor: Please emphasize the blue shaded section labeled “DC shock” and the paced electrogram labeled “V pace” to its right.
Authors: The Representative Results say the direct current shock restored a regular rhythm, but Figure 4B labels the electrogram after the shock “V pace”, which is a paced rhythm rather than a restored spontaneous one. Please check and edit the narration above in 3.3.
3.4. Ventricular contractions then resumed [1], and rhythmic pulsations synchronized with the ventricular activity emerged in the coronary flow signal [2].
3.4.1. LAB MEDIA: Figure 4B. Video editor: Please emphasize the black dots marked “Ventricular activations”.
3.4.2. LAB MEDIA: Figure 4B. Video editor: Please emphasize the red left coronary flow trace to the right of the blue shaded section.

3.5. After rewarming and stabilization, the cardiac rhythm was stable [1], and the coronary pressure and the left and right coronary flow had normalized [2].
3.5.1. LAB MEDIA: Figure 4C. Video editor: Please emphasize the black electrogram labeled “Sinus rhythm”.
3.5.2. LAB MEDIA: Figure 4C. Video editor: Please emphasize the green coronary pressure trace and the red and blue coronary flow traces.

3.6. The reduced coronary vascular resistance allowed adequate perfusion to be maintained at lower coronary pressures [1-TXT].
3.6.1. LAB MEDIA: Figure 4C. Video editor: Please emphasize the horizontal line labeled “Mean coronary pressure”. 

3.7. Programmed electrical stimulation with a decremental pacing protocol reliably triggered a sustained ventricular arrhythmia [1], and the activation maps showed the disorganized propagation that characterizes it [2].
3.7.1. LAB MEDIA: Figure 5D. Video editor: Please emphasize the electrogram where the paced beats labeled S1 to S4 break into the section labeled “Ventricular fibrillation”.
3.7.2. LAB MEDIA: Figure 5D. Video editor: Please sequentially emphasize the activation maps labeled S1, S2, S3, S4, VPB1, and VPB2.
Authors: Representative Results describe the protocol as S1-S2-S3-S4-S5 while the figure shows S1 to S4 followed by VPB1 and VPB2; and the text calls the result a sustained ventricular tachyarrhythmia while the figure labels it ventricular fibrillation. Please clarify.
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