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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length
Number of Steps:  25
Number of Shots:  49 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Tatsuya Watanabe: The goal of our research is to develop a chronic Fontan animal model we can use to study the pathophysiology underlying late-term complications such as Fontan-associated liver disease. 
1.1.1. [bookmark: _Hlk194676695]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1

What are the current experimental challenges?
1.2. Tatsuya Watanabe: Hemodynamic data collection, particularly from the hepatic portal system, is challenging in freely moving large animals, which our ability to monitor for pressure changes associated with post-Fontan congestive hepatopathy.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1


What significant findings have you established in your field?
1.3. Tatsuya: Our lab focuses on developing tissue-engineered vascular grafts for use in Fontan operations. Assessing their hemodynamic performance within a physiologically relevant model is necessary for a comprehensive evaluation of such grafts.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.2





Videographer: Obtain headshots for all authors available at the filming location.


Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee at the Nationwide Children’s Hospital Abigail Wexner Research Institute 



Protocol  
2. Exposure of the Sheep Portal Vein
Demonstrator: Tatsuya Watanabe 

[bookmark: _Hlk206281942]NOTE to Authors: Please consider the following key points for shots involving live animals/survival surgery (as applicable) to avoid raising concerns by JoVE’s veterinary reviewers.
•	If lifting the animal by the tail, hold it close to the tail base, not far from it.
•	Shave 150% of the area surrounding a surgical site (preferably using a depilatory cream). Ensure that there are no skin injuries and no fur in the surgical field.
•	Prep the surgical site with both iodine-based scrubs and alcohol.
•	Use sterile gloves only for surgery (not examination or non-sterile gloves).
•	Make skin incisions with a surgical blade, not scissors.
•	Avoid using silk thread for closing skin incisions in survival surgeries
2.1. To begin, place the anesthetized prepped sheep in a left lateral decubitus position on the surgical table [1-TXT].
2.1.1. WIDE: Talent adjusting the prepped sheep’s position on the surgical table in the left lateral decubitus position. TXT: Aesthesia: Ketamine (4 mg/kg) + Diazepam (0.5 mg/kg) via the internal jugular (IJ) vein	Comment by Poornima  G: Authors, we cannot have only voice-over without corresponding video. Hence it is better to omit the prepping steps as these are standard procedures.

2.2. Make an approximately 20-centimeter subcostal incision 3 centimeters caudal to the right lower rib cage of the animal [1]. Using electrocautery, divide the external oblique, internal oblique, and transversus abdominis muscles [2].
2.2.1. Talent making a 20-centimeter subcostal incision 3 centimeters caudal to the right lower rib cage.
2.2.2. Talent using electrocautery to divide the three abdominal muscle layers.

2.3. Now, lift up the peritoneum [1] and sharply incise it with scissors to enter the abdomen, taking care to avoid causing an enterotomy [2].
2.3.1. Talent lifting the peritoneum.
2.3.2. Talent sharply incising the peritoneum using scissors.

2.4. Retract the liver cephalad [1], and retract the rumen, stomach, small intestine, and colon away in the medial and caudal directions to reveal the portal triad within the hepatoduodenal ligament [2].
2.4.1. Talent retracting the liver cephalad.
2.4.2. Talent retracting the abdominal organs to reveal the portal triad.

2.5. Then, identify the lymph node situated on the portal vein [1]. Ligate the lymphatic vessels above and below the node [2], and excise the node [3].
2.5.1. Close-up of talent pointing to the lymph node on the portal vein.
2.5.2. Talent ligating the lymphatic vessels above and below the node.
2.5.3. Talent excising the lymph node.

2.6. Using a combination of blunt and sharp dissection, dissect around the portal vein towards the liver cephalad [1] and the pancreas caudally to create space for placement of a vascular side clamp [2].
2.6.1. Talent performing blunt and sharp dissection around the portal vein towards the liver.
2.6.2. Talent continuing dissection towards the pancreas to create clamp space.

3. Creation of the Telemetry Device Pocket
3.1. Next, create a subcutaneous pocket for placement of the telemetry device body by making a 6-centimeter transverse incision through the skin on the right side of the lower abdomen [1], approximately 15 to 20 centimeters caudal and parallel to the subcostal incision [2].
3.1.1. Talent making the transverse incision on the right lower abdomen.
3.1.2. Talent pointing to the new and the subcostal incisions to give an estimate of the distance.

3.2. Using both electrocautery and blunt dissection, carefully separate the subcutaneous fat and connective tissue to form a 6 by 4 centimeter pocket over the external oblique muscle [1].
3.2.1. Talent separating the subcutaneous fat and connective tissue using electrocautery and blunt dissection.

3.3. Insert the telemetry device into the subcutaneous pocket [1] and secure it in place using 2-0 (2-oh) silk suture [2].
3.3.1. Talent placing the telemetry device into the prepared subcutaneous pocket.
3.3.2. Talent securing the device with 2-0 silk suture.

3.4. Create a subcutaneous tunnel from the device pocket to the subcostal incision [1] and pass the pressure catheter corresponding to the blood pressure channel through this pathway [2].
3.4.1. Talent creating the subcutaneous tunnel between the two incisions.
3.4.2. Talent passing the pressure catheter through the tunnel.

3.5. Then, place the unused electrocardiography leads and pressure catheter of the telemetry implant within the subcutaneous pocket alongside the device body [1].
3.5.1. Talent placing the unused leads and catheter into the pocket next to the device.



4. Portal Vein Cannulation
4.1. Returning to the main surgical site, place a purse-string stitch using 6-0 (6-oh) polypropylene suture on the surface of the portal vein at the site of cannulation [1], and secure the suture with a plastic tourniquet [2].
4.1.1. Talent placing a purse-string stitch on the surface of the portal vein.
4.1.2. Talent securing the stitch with a plastic tourniquet.

4.2. Fill the gel tip of the pressure catheter with non-compressible, high-viscosity gel to prevent coagulation inside the tip [1], ensuring there are no air bubbles [2].
4.2.1. Talent filling the gel tip of the catheter with high-viscosity gel.
4.2.2. Close-up of the gel tip to confirm absence of air bubbles.

4.3. After administering an intravenous dose of heparin, apply a vascular side clamp along the longitudinal axis of the portal vein surrounding the purse-string suture [1-TXT].
4.3.1. Talent applying the vascular side clamp to the portal vein. TXT: Heparin: 100 U/kg

4.4. Using a number 11 scalpel blade, make a precise incision into the vessel at the center of the purse-string stitch [1], then gently enlarge the opening with the tip of a curved hemostat [2].
4.4.1. Talent making the incision into the portal vein with a scalpel.
4.4.2. Talent gently enlarging the vessel opening using a curved hemostat.

4.5. Next, insert the pressure-sensing catheter into the portal vein [1], then tighten the tourniquet [2] and remove the side clamp [3]. Advance the catheter approximately 3 centimeters towards the liver [4], then tighten and tie the purse-string suture [5].
4.5.1. Talent inserting the pressure-sensing catheter into the portal vein.
4.5.2. Talent tightening the plastic tourniquet around the catheter.
4.5.3. Talent removing the vascular side clamp.
4.5.4. Talent advancing the catheter toward the liver.
4.5.5. Talent tightening and tying the purse-string suture.

4.6. In a separate location along the portal vein, place another purse-string stitch using 6-0 polypropylene suture [1].
4.6.1. Talent placing the second purse-string stitch on the portal vein.

4.7. Then, insert an 18-gauge angiocatheter needle into the center of this purse-string suture [1], and connect it to an arterial line transducer to obtain direct portal vein pressures [2].
4.7.1. Talent inserting the angiocatheter needle into the purse-string site.
4.7.2. Talent connecting the angiocatheter needle to the arterial line transducer.

4.8. Recalibrate the telemetry device by entering the difference in portal vein pressures obtained from the angiocatheter needle and the device catheter as the offset value in the telemetry software [1].
4.8.1. Show the telemetry software interface where the offset value is entered, with the operator typing in the difference in portal vein pressures.

4.9. Now, remove the needle from the purse-string site [1], then tie the purse-string suture [2]. Apply a few drops of skin glue at the insertion site of the device catheter [3] to ensure it remains stable within the portal vein [4].
4.9.1. Talent removing the angiocatheter needle.
4.9.2. Talent tying the purse-string suture.
4.9.3. Talent applying skin glue at the catheter insertion site.
4.9.4. Close-up showing the catheter stabilized in the portal vein.

4.10. To complete the procedure, reapproximate the abdominal wall muscle and fascia using 0-0 (oh-oh) absorbable suture, ensuring that the pressure-sensing catheter exits the abdomen through the incision [1].
4.10.1. Talent suturing the abdominal muscle and fascia with the catheter exiting through the incision.

4.11. Administer an intramuscular injection of bupivacaine liposome suspension at 5.3 milligrams per kilogram for postoperative pain control [1].
4.11.1. Talent administering intramuscular bupivacaine liposome suspension.

4.12. Finally, close the skin at both incisions with deep dermal sutures using 3-0 (3-oh) absorbable suture [1], and subcuticular sutures using 4-0 (4-oh) absorbable suture [2].
4.12.1. Talent placing deep dermal sutures with 3-0 absorbable suture.
4.12.2. Talent placing subcuticular sutures with 4-0 absorbable suture.

Results
5. Results 

5.1. A total of 6 sheep underwent wireless telemetry device implantation and a single-stage Fontan procedure with cannulation of the portal vein. No animals experienced any major postoperative complications associated with device implantation [1].
5.1.1. LAB MEDIA: Table 1

5.2. Wireless telemetry device implants provided continuous recordings of portal vein pressures, enabling the identification of hemodynamic trends within the portal venous system [1]. Pressures were noted to be higher when the sheep was resting on the abdomen in recumbency [2], while lower pressures were recorded when the sheep was standing [3].
5.2.1. LAB MEDIA: Figure 2
5.2.2. LAB MEDIA: Figure Video editor: Highlight two arrows labeled “Recumbency” in A and B
5.2.3. LAB MEDIA: Figure 2 Video editor: Highlight two arrows labeled “Standing” in A and B

5.3. Average pressure measurements acquired from the implanted wireless telemetry device of one sheep only while standing demonstrated an overall increase in portal vein pressures following the Fontan operation [1].
5.3.1. LAB MEDIA: Figure 3. Video editor: Highlight the data points and line corresponding to the duration from day  1 to 14 on X-axis

5.4. A second telemetry device was implanted in the neck to acquire pressure measurements from the superior vena cava [1]. Superior vena cava pressures showed an overall increase after Fontan surgery and remained elevated through postoperative day 14, with minimal variability over time [2].
5.4.1. LAB MEDIA: Figure 4
5.4.2. LAB MEDIA: Figure 4. Video editor: Highlight the data points and line from day 0 to 14 showing a steep rise
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