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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: 08/25/2026


When you are ready to submit your video files, please contact our China Location Producer, Junling Cheng.

Current Protocol Length

Number of Steps:  37
Number of Shots:  73 

Interviews 
Authors: Some statements have been edited for length and clarity. 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. Xiao Chen: Our research develops a reproducible porcine CABG model to investigate how graft hemodynamics and competitive flow drive vein-graft remodeling and failure.
1.1.1. 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.
1.2. Xiao Chen: This model supports studies of graft hemodynamics, competitive flow, vein-graft remodeling, failure mechanisms, and surgical or therapeutic interventions.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


CONCLUSION:
Describe the most important consideration or challenge when performing this protocol.
1.3. Hao Liu: Preventing IMV spasm, twisting, tension, and anastomotic leakage is the most important challenge during model construction.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Are there any additional methods or analyses that can be performed following this procedure?
1.4. Hao Liu: TTFM, coronary angiography, computational flow modeling and histology can further evaluate graft function and remodeling.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Hao Liu: Future studies should quantify competitive flow and evaluate long-term graft remodeling using serial imaging, hemodynamic measurements, and histology.
1.5.1. 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 Institutional Animal Care and Use Committee (IACUC) at Fuwai Hospital, Chinese Academy of Medical Sciences  


Protocol  
2. Harvesting the Internal Mammary Veins
Demonstrator: Wei Wang

2.1. To begin, obtain a healthy male Bama miniature pig aged 10 to 12 months and weighing 35 to 40 kilograms [1]. 	Comment by Lakshmi Priya: Please film this shot	Comment by 浩 刘: Thank you for your suggestion. We will film this shot next week.
2.1.1. WIDE: Talent sitting with a Bama miniature pig. 
2.2. After inducing and maintaining anesthesia, and placing the pig in the supine position, make a midline incision from the mid-cervical region to below the xiphoid process with an electrosurgical unit or ESU (E-S-U) [1-TXT].
2.2.1. FILE: 72141_converted: 1:10–1:31 
TXT: Refer to the text protocol for anesthesia details
2.3. Perform a median sternotomy along the midline from the xiphoid process upward using a sternal saw [1]. Cauterize the sternal cut edges with an ESU [2]. Apply bone wax to the marrow cavity to achieve hemostasis [3].
2.3.1. FILE: 72141_converted: 10:12–10:22, 12:07-12:12
2.3.2. FILE: 72141_converted: 12:31–12:40
2.3.3. FILE: 72141_converted: 15:44-16:00
2.4. Maintain the chest open with a sternal retractor. [1]
2.4.1. FILE: 72141_converted: 17:35–17:56
2.5. With an ESU, dissect the surrounding tissue of the internal mammary veins or IMV (I-M-V) [1]. Using scissors, transect the side branches [2]. With an ESU, achieve hemostasis [3].
2.5.1. Talent dissecting the surrounding tissue of the internal mammary vein with an ESU. FILE: 72141_converted: 18:12–18:22, 21:36–22:46
2.5.2. Talent transecting the side branches with scissors. FILE: 72141_converted: 27:35–27:50
2.5.3. Talent achieving hemostasis with the ESU. FILE: 72141_converted: 31:36–31:46
2.6. Clamp the distal end of the left IMV with a hemostatic clamp [1]. Make an incision with a scalpel just proximal to the clamp [2]. Insert a blunt flushing needle through the incision [3]. Secure it with a 5-0 (five-oh) nonabsorbable polypropylene suture [4]. After ligation, completely transect the distal end of the left IMV [5]
2.6.1. Talent clamping the distal end of the left internal mammary vein with a hemostatic clamp. FILE: 72141_converted: 31:53–32:00
2.6.2. Talent making an incision just proximal to the clamp with a scalpel. FILE: 72141_converted: 32:05–32:15, 32:30–32:40
2.6.3. Talent inserting a blunt flushing needle through the incision. FILE: 72141_converted: 32:45-33:00
2.6.4. Talent securing the needle with a 5-0 nonabsorbable polypropylene suture. FILE: 72141_converted: 33:03-33:23, 33:23-33:26
2.6.5. Talent completely transecting the distal end of the left internal mammary vein after ligation. FILE: 72141_converted: 33:28-33:38
2.7. Clamp the proximal end of the left IMV with a hemostatic clamp [1]. Transect the IMV distal to the clamping site [2]. Ligate the proximal end with a 5-0 nonabsorbable polypropylene suture ensuring that the harvested IMV is 7 to 8 centimeters in length, free of obvious spasm or twisting, and without visible side-branch bleeding [3].
2.7.1. Talent clamping the proximal end of the left internal mammary vein with a hemostatic clamp. FILE: 72141_converted: 34:30-34:36
2.7.2. Talent transecting the internal mammary vein distal to the clamping site. FILE: 72141_converted: 34:37-34:42
2.7.3. Talent ligating the proximal end with a 5-0 nonabsorbable polypropylene suture. FILE: 72141_converted: 34:48-35:08
2.8. Harvest the right IMV using the same procedure [1].
2.8.1. Talent harvesting the right inferior mesenteric vein.  FILE: 72141_converted: 36:00-37:10, 47:25-47:40

3. Establishing Cardiopulmonary Bypass

3.1. Open the pericardium longitudinally [1]. Suspend it with traction sutures, ensuring that the activated clotting time exceeds 480 seconds [2].
3.1.1. Talent opening the pericardium longitudinally. FILE: 72141_converted: 48:52-49:02, 49:42-49:52
3.1.2. Talent suspending the pericardium with traction sutures. FILE: 72141_converted: 49:54-50:04, 51:45-51:55
3.2. Place two concentric purse-string sutures using 5-0 nonabsorbable polypropylene sutures [1]. Establish central arterial cannulation with an 18 French arterial cannula [2]. After thorough de-airing, connect the arterial cannula to the arterial line of the cardiopulmonary bypass circuit [3].
3.2.1. Talent placing two concentric purse-string sutures using 5-0 nonabsorbable polypropylene sutures. FILE: 72141_converted: 56:50–57:10, 1:00:20-1:00:30
3.2.2. Talent establishing central arterial cannulation with an 18 French arterial cannula. FILE: 72141_converted: 1:01:40-1:01:50, 1:03:18-1:03:28
3.2.3. Talent connecting the de-aired arterial cannula to the arterial line of the cardiopulmonary bypass circuit. FILE: 72141_converted: 1:03:30-1:03:40, 1:04:40-1:04:50
3.3. Establish venous cannulation with a 24 French venous cannula in the right atrium [1]. Connect it to the venous line [2].
3.3.1. Talent establishing venous cannulation with a 24 French venous cannula in the right atrium. FILE: 72141_converted: 1:05:44–1:05:54, 1:07:08-1:07:18
3.3.2. Talent connecting the venous cannula to the venous line. FILE: 72141_converted: 1:07:19–1:07:34
3.4. To initiate cardiopulmonary bypass, slowly establish arterial inflow followed by venous drainage [1]. Increase the pump flow over the next several minutes according to systemic arterial pressure, venous return, reservoir level, and global perfusion parameters [2].	Comment by Lakshmi Priya: Please film this step
3.4.1. Talent establishing arterial inflow followed by venous drainage.
3.4.2. Talent adjusting the pump flow according to systemic arterial pressure, venous return, reservoir level, and global perfusion parameters.


4. Distal Coronary Anastomoses

4.1. Place an antegrade cardioplegia cannula in the aortic root through a purse-string suture. [1]. Connect the cardioplegia cannula to the cardioplegia line [2].
4.1.1. Talent placing an antegrade cardioplegia cannula in the aortic root through a purse-string suture. FILE: 72141_converted: 1:08:55–1:09:05, 1:09:06-1:09:16
4.1.2. Talent connecting the cardioplegia cannula to the cardioplegia line. FILE: 72141_converted: 1:09:17–1:09:28
4.2. Cross-clamp the ascending aorta at a position between the arterial cannula and the cardioplegia access site [1].
4.2.1. Talent cross-clamping the ascending aorta between the arterial cannula and the cardioplegia access site. FILE: 72141_converted: 1:09:48–1:10:08, 1:10:09-1:10:19
4.3. Induce cardiac arrest with 4 °C cold modified St. Thomas solution and apply ice slush to the cardiac surface to rapidly cool and protect the myocardium [1].
4.3.1. Talent applying ice slush to the cardiac surface for rapid cooling and myocardial protection. FILE: 72141_converted: 1:10:20–1:11:02 
1. 
2. 
3. 
4. 
4.1. 
4.2. 
4.3. 
4.4. Inject 4 degrees Celsius heparin-papaverine normal saline, prepared previously, into the IMV graft through a blunt flushing needle to check for leakage [1]. Trim the free end of the graft [2].
4.4.1. Talent injecting 4 degrees Celsius heparin-papaverine normal saline into the internal mammary vein graft through a blunt flushing needle to check for leakage. FILE: 72141_converted: 1:11:03-1:11:13, 1:13:25-1:13:35 
4.4.2. Talent trimming the free end of the internal mammary vein graft. FILE: 72141_converted: 1:13:37-1:13:47, 1:15:10-1:15:20 
4.5. Using microsurgical scissors, open the left circumflex coronary artery or LCX (L-C-X) [1]. Insert an intraluminal shunt [2].
4.5.1. Talent opening the left circumflex coronary artery with microsurgical scissors. FILE: 72141_converted: 1:16:34-1:16:44, 1:17:54-1:18:04
4.5.2. Talent inserting an intraluminal shunt into the left circumflex coronary artery. FILE: 72141_converted: 1:18:05-1:18:15, 1:19:09-1:19:19
4.6. Using an 8-0 nonabsorbable polypropylene suture, perform an end-to-side anastomosis between one end of the IMV graft and the LCX with a parachute suture technique [1].
4.6.1. Talent performing an end-to-side anastomosis between the internal mammary vein graft and the left circumflex coronary artery with a parachute suture technique. FILE: 72141_converted: 1:19:43-1:19:53, 1:24:15-1:24:25
4.7. Remove the shunt [1]. Inject heparinized autologous blood into the IMV graft to distend the vessel, expel trapped air, and check for leakage at the anastomotic sites and side branches while confirming that the graft distends smoothly without focal narrowing, twisting, or leakage from the side branches or distal anastomosis [2].
4.7.1. Talent removing the intraluminal shunt. FILE: 72141_converted: 1:31:33-1:31:42
4.7.2. Talent injecting heparinized autologous blood into the internal mammary vein graft to distend the vessel and expel trapped air while checking for leakage. FILE: 72141_converted: 1:44:03-1:44:13, 1:45:50-1:46:00
4.8. Complete the anastomosis between the IMV graft and the LCX [1].
4.8.1. Talent completing the anastomosis between the internal mammary vein graft and the left circumflex coronary artery. FILE: 72141_converted: 1:47:25-1:47:35, 1:48:24-1:48:34
4.9. Using the same method, completely anastomose one end of the other IMV graft to the side of the LAD [1].
4.9.1. Talent completely anastomosing one end of the other internal mammary vein graft to the side of the left anterior descending coronary artery. FILE: 72141_converted: 1:50:45-1:50:55, 2:14:01-2:14:11

5. Proximal Aortic Anastomoses
5.1. Remove the cardioplegia cannula [1]. Create an opening at the cannulation site using a 3.5-millimeter punch [2].
5.1.1. Talent removing the cardioplegia cannula. FILE: 72141_converted: 2:14:32-2:14:40
5.1.2. Talent creating an opening at the cannulation site with a 3.5-millimeter punch. FILE: 72141_converted: 2:14:57-2:15:03
5.2. Inject room-temperature heparin-papaverine normal saline into the IMV graft anastomosed to the LAD through a blunt flushing needle [1]. After the graft is distended, partially clamp it and transect the end connected to the blunt flushing needle [2]. Using tissue scissors, further trim the free end [3].
5.2.1. Talent injecting room-temperature heparin-papaverine normal saline into the internal mammary vein-graft anastomosed to the left anterior descending coronary artery through a blunt flushing needle. FILE: 72141_converted: 2:15:18-2:15:26
5.2.2. Talent partially clamping the distended graft and transecting the end connected to the blunt flushing needle. FILE: 72141_converted: 2:15:46-2:15:58
5.2.3. Talent trimming the free end of the graft with tissue scissors. FILE: 72141_converted: 2:16:00-2:16:10, 2:16:20-2:16:30
5.3. Connect the arterial catheter to the left ventricular vent [1]. Insert the arterial catheter into the aorta through the punched opening [2].
5.3.1. Talent connecting the trimmed arterial catheter to the left ventricular vent. 
5.3.2. Talent inserting the arterial catheter into the aorta through the punched opening. FILE: 72141_converted: 2:16:30-2:16:39
5.4. Process the IMV graft anastomosed to the LCX in the same manner as the previously processed graft [1].
5.4.1. Talent processing the internal mammary vein graft anastomosed to the left circumflex coronary artery in the same manner as the previously processed graft. FILE: 72141_converted: 2:17:31-2:17:41, 2:18:44-2:18:54
5.5. Create an opening on the left side of the aortic root using a 3.5-millimeter punch [1].
5.5.1. Talent creating an opening on the left side of the aortic root with a 3.5-millimeter punch. FILE: 72141_converted: 2:19:29-2:19:42
5.6. Perform an end-to-side anastomosis of the free end of the IMV graft, anastomosed to the LCX, to the opening on the left side of the aortic root, leaving the anastomosis incomplete [1].
5.6.1. Talent performing an incomplete end-to-side anastomosis of the internal mammary vein-graft anastomosed to the left circumflex coronary artery to the opening on the left side of the aortic root. FILE: 72141_converted: 2:19:53-2:20:03, 2:28:22-2:28:32
5.7. Insert the left heart vent catheter into the aortic root through the anastomotic opening [1].
5.7.1. Talent inserting the left heart vent catheter into the aortic root through the anastomotic opening. FILE: 72141_converted: 2:28:32-2:28:52
5.8. Perform an end-to-side anastomosis of the free end of the IMV graft, distally anastomosed to the LAD, to the other opening in the aortic root [1].
5.8.1. Talent performing an end-to-side anastomosis of the internal mammary vein graft distally anastomosed to the left anterior descending coronary artery to the other opening in the aortic root. FILE: 72141_converted: 2:29:10-2:29:20, 2:34:18-2:34:28
5.9. Remove the left heart vent catheter [1]. Clamp both internal mammary vein grafts with microsurgical hemostatic clips [2]. Complete the anastomoses of both IMV grafts to the aorta [3].
5.9.1. Talent removing the left heart vent catheter. FILE: 72141_converted: 2:34:33-2:34:35
5.9.2. Talent clamping both internal mammary vein grafts with microsurgical hemostatic clips. FILE: 72141_converted: 2:34:44-2:34:56
5.9.3. Talent completing the anastomoses of both internal mammary vein grafts to the aorta. FILE: 72141_converted: 2:35:03-2:35:13, 2:35:44-2:35:54

6. Reperfusion and Graft Assessment 

6.1. Release the aortic cross-clamp and re-perfuse the heart [1].
6.1.1. Talent releasing the aortic cross-clamp to re-perfuse the heart. FILE: 72141_converted: 2:35:55-2:36:06
6.2. Place an additional 8-0 nonabsorbable polypropylene sutures at the anastomotic sites or along the internal mammary vein grafts as needed to achieve hemostasis [1].
6.2.1. Talent placing an additional 8-0 nonabsorbable polypropylene sutures at the anastomotic sites or along the internal mammary vein grafts to achieve hemostasis. FILE: 72141_converted: 2:38:13-2:38:23, 2:39:40-2:39:50
6.3. Decannulate the right atrium [1] and aorta [2]. Secure hemostasis at all cannulation sites [3].
6.3.1. Talent decannulating the right atrium. FILE: 72141_converted: 3:06:30-3:06:40, 3:08:29-3:08:33
6.3.2. Talent decannulating the aorta. FILE: 72141_converted: 3:16:33-3:16:43, 3:17:32-3:17:42
6.3.3. Talent securing hemostasis at all cannulation sites. FILE: 72141_converted: 3:17:55-3:18:15
6.4. After separation from CPB, assess both graphs using intra-operative ultrasonography [1-TXT].
6.4.1. Talent assessing both grafts using intraoperative ultrasonography. FILE: 72141_converted: 3:25:04-3:25:14, 3:26:59-3:27:09 
TXT: Use Doppler imaging to record the graft location, flow direction, and qualitative patency
6.5. Insert two drainage tubes [1].
6.5.1. Talent inserting two drainage tubes. FILE: 72141_converted: 3:37:14-3:37:24, 3:37:55-3:38:08
6.6. Reapproximate the sternum [1]. Close the muscle, fascia, subcutaneous tissue, and the skin in layers [2-TXT]
6.6.1. Talent reapproximating the sternum. FILE: 72141_converted: 3:38:46-3:38:56, 3:45:12-3:45:22
6.6.2. Talent closing the muscle, fascia, subcutaneous tissue, and skin in layers. FILE: 72141_converted: 3:51:48-3:51:58, 4:08:21-4:08:31 
TXT- Transfer the pig to a monitored postoperative recovery










Results

7. Results 	Comment by Lakshmi Priya: Please check whether the shots are correctly matched with their corresponding narration. Also, verify that the key findings of the protocol described above are presented.

1. 
2. 
3. 
4. 
5. 
6. 
7. 
7.1. Intraoperative ultrasonography detected flow signals in both the aorta-to-LCX graft [1] and the aorta-to-LAD graft [2], supporting immediate technical patency of the 2 grafts [3].
7.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the ultrasound image labelled "Aorta-to-LCX graft" showing the colored flow signal.
7.1.2. LAB MEDIA: Figure 2A. Video editor: Highlight the ultrasound image labelled "Aorta-to-LAD graft" showing the colored flow signal.
7.1.3. LAB MEDIA: Figure 2A
7.2. Postoperative computed tomography angiography performed on postoperative day 1 confirmed the patency of the ascending aorta-to-LAD graft [1].
7.2.1. LAB MEDIA: Figure 2B. Video editor: Highlight the red arrow and the structure its pointing to.
7.3. Postoperative echocardiography showed a left ventricular ejection fraction of 55% in pig 1 or P1 (P-one) on postoperative day 11 [1] and 57% in P2 on postoperative day 28 [2].
7.3.1. LAB MEDIA: Figure 3A. Video editor: Highlight the measurement panel showing the value labelled "LVEF MOD A4C 55" and the echocardiographic image labelled "P1".
7.3.2. LAB MEDIA: Figure 3B. Video editor: Highlight the measurement panel showing the value labelled "EF(Teich) 57" and the echocardiographic image labelled "P2".
7.4. In P1, hemoglobin and hematocrit were lower than baseline intraoperatively [1] and on the day of surgery [2], and both remained below the normal range during the first 7 postoperative days [3].
7.4.1. LAB MEDIA: Table 1. Video editor: Highlight the values in the rows labelled "Hb (g/dL)" and "HCT %" in the column "Intra-op".
7.4.2. LAB MEDIA: Table 1. Video editor: Highlight the rows labelled "Hb (g/dL)" and "HCT %" in the column "POD 0".
7.4.3. LAB MEDIA: Table 1. Video editor: Highlight the rows labelled "Hb (g/dL)" and "HCT %" across the columns "POD 1", "POD 3", and "POD 7".
7.5. In P1, thrombin time was prolonged [1], and the fibrinogen level was markedly higher than baseline on postoperative day 3 [2], and both decreased by postoperative day 7 [3].
7.5.1. LAB MEDIA: Table 2. Video editor: Highlight the row labelled "TT (s)" in the column "POD 3".
7.5.2. LAB MEDIA: Table 2. Video editor: Highlight the row labelled "FIB (g/L)" in the column "POD 3".
7.5.3. LAB MEDIA: Table 2. Video editor: Highlight the rows labelled "TT (s)" and "FIB (g/L)" in the column "POD 7".
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