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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____Yes____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _ Leica M620  we have a camera mount from Leica: Type 10448215, SN:120210002______we also have a Panasonic model GPSUS932HT, but please bring your own camera as well because we are not sure if it will be available.  
___

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 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 steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___2.12, 2.13, 3.4, 3.5, 3.7, 3.8, 4.1, 4.2, 4.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _4.1, 4.2
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ If yes, how far apart are the locations? _______(2-4 feet apart)__

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to introduce a novel murine model of solid organ and vascularized composite allotransplantation to investigate the effects of donor-derived vascularized hematopoietic and primary lymphoid tissue on immune tolerance and prolonged allograft survival. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Amir Dorafshar: This method can help answer key questions in the field of reconstructive transplantation, such as the role of vascularized bone and thymus tolerance towards alloantigens.

1.2. Amir Dorafshar: The main advantage of this technique is that for the first time combined vascularized bone marrow and thymus is being transplanted with a solid organ, the heart, in the immunologically versatile mouse model system.   

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Johns Hopkins University School of Medicine.
Protocol (read by voice talent at JoVE):
2. Donor Allograft Recovery
2.1. To begin, after anesthetizing a male donor mouse according to the text protocol [2.1.1-WIDE-TXT], while wearing sterile gloves, use mechanical clippers to remove the hair from the cervical, thoracic, and abdominal region [2.1.2-CU]. 

2.1.1. Talent places anesthetized mouse on bench on its back (TEXT: this is a non-survival surgery)

2.1.2. [combined with 2.1.1] Talent picks up clippers with gloved hands and shaves animal
2.2. On a sterile surgical surface, place the animal in a supine position, attach a nose cone, and maintain isoflurane at 1-2% [2.2.1-CU-TXT].  Prior to the skin incision, widely prepare the incision site by using a sterile cotton swab to apply povidone iodine antiseptic followed by isopropyl alcohol [2.2.2-CU].
2.2.1. Talent places animal in supine position and attaches nose cone with isoflurane and performs toe pinch (TEXT: perform a toe pinch)
2.2.2. Film as written 

2.3. Using scissors, make superficial transverse skin incisions across the cervical and abdominal skin [2.3.1-SCOPE/CU].  Connect both incisions bilaterally along the midaxillary lines [2.3.2-SCOPE/CU].
2.3.1. [2.3.1 to 2.4.2 Scope 1] Film as written

2.3.2. Film as written

2.4. With microforceps, dissect the cervical region bilaterally to identify the external jugular veins [2.4.1-SCOPE/ECU] and with 6-0 silk suture, ligate the vessels, before using scissors to divide them [2.4.2- SCOPE /ECU].
2.4.1. Talent dissects cervical region bilaterally and points out external jugular veins; Editor, point out the veins 
2.4.2. Talent finishes ligating vessels then divides them
2.5. Then, with electrocautery, divide the sternocleidomastoid muscles to bilaterally expose the internal jugular veins and common carotid arteries [2.5.1-SCOPE /ECU].  Pass a 6-0 silk suture under the left and right common carotid arteries and internal jugular veins, respectively, in bulk fashion [2.5.2- SCOPE /ECU].
2.5.1. Talent uses electrocautery to divide the sternocleidomastoid muscles and exposes internal jugular veins and common carotid arteries; have talent point out veins and arteries; Editor, point out the veins and arteries with the VO [Scope 2 down]
2.5.2. Talent finishes placing silk suture under left and right common carotid arteries then places silk suture under internal jugular veins 
2.6. Using bipolar electrocautery and sharp dissection, divide the pectoralis major muscles and clavicles to expose the subclavian vessels [2.6.1- SCOPE /ECU].  Use 6-0 silk suture to ligate and divide the vessels proximally [2.6.2- SCOPE /ECU].
2.6.1.  Film as written

2.6.2. Film as written

2.7. Next, gently grasp and withdraw the animal’s penis [2.7.1- SCOPE /ECU].  Along the dorsum of the penis, locate the dorsal vein and use isopropyl alcohol to disinfect the region [2.7.2- SCOPE/ECU].  Then using a 30-gauge needle, inject 30,000 units of heparin intravenously through the dorsal vein and allow the penis to recoil back to its original position [2.7.3- SCOPE/ECU].
2.7.1. Film as written

2.7.2. Talent locates and points out the dorsal vein and disinfects region
2.7.3. Film as written

2.8. With the previously placed bulk ties around the common carotid artery and internal jugular vein, ligate and divide the structures bilaterally [2.8.1- SCOPE/ECU].
2.8.1. Film as written

2.9. Now, use scissors to make a transverse incision to access the abdominal cavity [2.9.1-SCOPE/ECU].  Eviscerate the intestines to expose the infrahepatic inferior vena cava [2.9.2- SCOPE/ECU] and inject 2 ml of cold Euro-Collins cardioplegia solution into the infrahepatic inferior vena cava [2.9.3- SCOPE/ECU].
2.9.1. Film as written

2.9.2. Film as written; have talent point out vena cava; Editor, point out vena cava
2.9.3. Film as written
2.10. Ensure proper injection by visualizing liver discoloration and cessation of the heartbeat [2.10.1- SCOPE/ECU].
2.10.1. Talent points out color of liver and lack of heartbeat

2.11. Using scissors, access the intrathoracic cavity via a bilateral diaphragmatic incision from the exposed abdomen, extending the incision cephalad through the intercostal muscles and ribs [2.11.1- SCOPE/ECU].

2.11.1. Film as written

2.12. After injecting cold Euro-Collins solution into the suprahepatic inferior vena cava according to the text protocol, identify the root of the aorta and trace distally to the descending aorta [2.12.1-SCOPE/ECU].  Sharply cut the descending aorta, preserving maximal length [2.12.2- SCOPE/ECU].  

2.12.1. Talent finishes injecting solution into suprahepatic inferior vena cava then points out root of aorta and traces to descending aorta
2.12.2. Film as written

2.13. Now, identify the pulmonary trunk and divide just proximal to its branch point, preserving maximal length [2.13.1- SCOPE/ECU].  Then using 2 ml of cold Euro-Collins cardioplegia solution, flush the pulmonary trunk and heart by placing a soft plastic tip catheter into the lumen of the pulmonary trunk [2.13.2- SCOPE/ECU].
2.13.1. Film as written

2.13.2. Film as written

2.14. Using 6-0 silk suture, ligate and divide the inferior vena cava [2.14.1- SCOPE/ECU], confluence of pulmonary veins [2.14.2- SCOPE/ECU], and accessory branches of the bilateral superior vena cava [2.14.3- SCOPE/ECU].  Then evaluate and dissect the heart cephalad from the attachments along the main stem bronchi and trachea with care so as not to enter the airway [2.14.4- SCOPE/ECU].
2.14.1. Film as written; have talent point out and Editor point out
2.14.2. Film as written; have talent point out and Editor point out
2.14.3. Film as written; have talent point out and Editor point out
2.14.4. Film as written; have talent point out and Editor point out
2.15. With sharp and bipolar electrocautery, dissect the chest wall, thymus, and heart [2.15.1- SCOPE/ECU], completely liberating it from the donor mouse [2.15.2- SCOPE/ECU].
2.15.1. Film as written

2.15.2. Talent completely removes from chest wall

2.16. Finally, using scissors, trim the allograft chest wall ex vivo to a smaller size along the sternum and lateral costae, taking care not to disrupt the internal thoracic vessels [2.16.1- SCOPE/ECU].
2.16.1. Film as written
2.17. To minimize hemorrhage following revascularization, use bipolar electrocauterization along the borders of the osteomusculocutaneous sternum [2.17.1- SCOPE/ECU].
2.17.1. Film as written 

3. Recipient Preparation
3.1. After preparing the recipient mouse according to the text protocol [3.1.1-WIDE/MED], place the mouse in a supine position and angle the right upper limb with a slightly inferior orientation, forming a 110 degree angle between the head and the right upper limb [3.1.2-CU-TXT]. 

3.1.1. Talent places anesthetized animal on bench

3.1.2. Film as written  with talent also attaching nose cone (TEXT: administer 1-2% isoflurane through nose cone)
3.2. Make an incision from the midline along the right inferior border of the mandible and extend the incision infero-laterally to the right thoracic region [3.2.1- SCOPE/ECU]. With blunt dissection using microvascular forceps, mobilize the external jugular vein by circumferentially freeing the vessel from the soft tissue and adventitia [3.2.2- SCOPE/ECU].  
3.2.1. Film as written [Scope 3 down]
3.2.2. Film as written
3.3. Use electrocautery to divide all branches [3.3.1- SCOPE/ECU] and remove the right lobe of the submandibular gland with sharp dissection and electrocautery to free the space for the allograft [3.3.2- SCOPE/ECU].
3.3.1. Film as written

3.3.2. Film as written
3.4. Ensure enough length of the jugular vein to evert over a cuff, and ligate the external jugular vein using 6-0 silk suture [3.4.1-SCOPE/ECU].  Then, insert the vein through the lumen of a precut polyimide cuff and use a bulldog microvascular clamp to fix the vessel-cuff complex in place [3.4.2- SCOPE/ECU].

3.4.1. Film as written ligate + divide
3.4.2. Film as written

3.5. [3.5.1- SCOPE/ECU] Evert over the cuff, and use 10-0 nylon suture to fix in place [3.5.2- SCOPE/ECU]. 
3.5.1.  Film as written

3.5.2. Film as written 2:01:50
3.6. While carrying out bipolar electrocautery, divide the right sternocleidomastoid muscle to expose the common carotid artery [3.6.1- SCOPE/ECU].  With forceps and blunt dissection, circumferentially mobilize the artery cephalad to the distal most point within the cervical region by removing soft tissue and surrounding adventitia [3.6.2- SCOPE/ECU]. 

3.6.1. Film as written; have talent point out common carotid artery; Editor, point out artery
3.6.2.  Film as written 2:05:53
3.7. Using 6-0 silk suture, ligate and divide the common carotid artery [3.7.1- SCOPE/ECU].  Pass the artery through the lumen of a precut polyimide cuff and use a bulldog microvascular clamp to fix it in place as close to the thoracic inlet as possible [3.7.2- SCOPE/ECU].

3.7.1. Film as written Cuff before division 2:08:08
3.7.2. Film as written 2:10:58
3.8. Then divide the vessel distally [3.8.1- SCOPE/ECU], use a microsurgical dilator to gently dilate the vessel [3.8.2- SCOPE/ECU], evert over the cuff and use 10-0 nylon suture to fix in place [3.8.3- SCOPE/ECU]. 

3.8.1. Film as written 2:10:00
3.8.2. Film as written 3:14:30
3.8.3. Film as written
4. Allograft Insert

4.1. While maintaining sterile conditions, place the donor descending aortic lumen over the arterial cuff construct of the recipient [4.1.1- SCOPE/ECU] and use 10-0 nylon suture to fix it in place [4.1.2- SCOPE /ECU]. 
4.1.1. Film as written [Scope 3 down]
4.1.2. Film as written 2:20
4.2. Fashion a similar anastomosis between the donor pulmonary artery and the everted external jugular vein-cuff construct of the recipient mouse [4.2.1- SCOPE/ECU] then remove the venous microvascular clamp followed by the arterial clamp [4.2.2- SCOPE/ECU].
4.2.1. Film as written 2:24
4.2.2. Film as written  2:26
4.3. Next, inspect the entire allograft for hemorrhage and if present, mitigate bleeding according to the text protocol [4.3.1-SCOPE/ECU].  
4.3.1. Talent inspects allograft for bleeding 2:28
4.4. Inspect the graft and ensure hemostasis [4.4.1- SCOPE /ECU] before releasing and completely removing the arterial microvascular clamp [4.4.2-SCOPE/ECU].  Observe the heart to identify signs of reperfusion, which will be instantaneously apparent with rapid volume expansion of the heart chambers [4.4.3- SCOPE/ECU], and wait for beating to begin within 30 to 60 seconds [4.4.4- SCOPE/ECU]. 
4.4.1. Film as written

4.4.2. Film as written

4.4.3. Reperfusion becomes apparent with rapid volume expansion of heart chambers

4.4.4. Heart begins to beat 

4.5. Use warm saline to moisten the heart, then place the chest wall into an anatomical position so as not to induce any kinking or tensions on the anastomoses [4.5.1-SCOPE/ECU].  Finally, use 6-0 nylon sutures to close the skin of the surgical wound and carry out post-operative care according to the text protocol [4.5.2-SCOPE/ECU].  

4.5.1. Film as written

4.5.2. Talent finishes closing up wound and begins to administer 0.3 ml of normal saline
Georg J. Furtmüller, Step   4.1, 4.2: Performing end-to-end non-suture cuff anastomosis maintaining meticulous hemostasis with electrocautery during reperfusion and assuring perfusion of all components of the composite tissue graft are the most critical steps of the procedure. 

5. Results: Heterotropic en bloc chest wall, thymus and heart transplantation 
5.1. The combined VCA and solid organ allograft [5.1.1-LM] is mounted over the previously placed polyimide cuff in the recipient’s neck [5.1.2-LM], illustrating optimal graft position and meticulous mounting of the donor vessel onto the cuff construct [5.1.3-LM]. The design of the allograft demonstrated here proved feasible for sustaining perfusion to the chest wall, with minimal impact to the recipient animal [5.1.4-LM]. 

5.1.1. LAB MEDIA Figure 1a

5.1.2. LAB MEDIA Figure 1b, Editor, place side by side with 1a when mentioned
5.1.3. LAB MEDIA Figure 1c and d, Editor, place side by side with one another 
5.1.4. LAB MEDIA Figure 1e

5.2. Presented here is survival data for syngeneic transplanted mice.  The mean survival time was greater than 109 days, suggesting that the technical aspect of the transplanted allograft is designed to perfuse the entirety of the chest wall, thymus, and heart. Additionally, this mouse model is not only feasible, but can be replicated [5.2.1-LM].
5.2.1. LAB MEDIA Figure 2, Editor, point out the point on X axis representing 109 days when mentioned
6. Conclusion (said by authors on camera)

6.1. Amir Dorafshar: Once mastered, this technique can be done in 90 minutes if it is performed in a 2-team approach.

6.2. Amir Dorafshar: While attempting this procedure, it’s important to remember that hemostasis throughout the entirety of the procedure is paramount, and minimization of kinking during allograft inset important.

6.3. Amir Dorafshar: After its development, this technique paves the way for researchers in the field of reconstructive transplantation and solid organ transplantation to explore vascularized bone marrow as potential adjunct to solid organ transplantation evaluate the ability for developing donor-specific tolerance or improved graft survival.

6.4. Amir Dorafshar: After watching this video, you should have a good understanding of how to establish a murine model of combined solid organ and vascularized composite allotransplantation through a heterotopic en bloc chest wall, thymus and heart transplant.
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.  

Insert your media filenames here.

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.

( 2013, Journal of Visualized Experiments


