Orthotopic Hind-Limb Transplantation in Rats
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Short Abstract

Here we describe the orthotopic rat hind-limb transplantation procedure, which seems to be the gold standard in vivo model for composite tissue allotransplantation research.

Long Abstract

Composite tissue allotransplantation (CTA) now represents a valid therapeutic option after the loss of a hand, forearm or digits and has become a novel therapeutic entity in reconstructive surgery. However, long term high-dose multi drug immunosuppressive therapy is required to ensure graft survival bearing the risk of various side effects which halter broader application. Further progression in this field may depend on better understanding of basic immunology and ischemia reperfusion injury in composite tissue grafts.
To date orthotopic hind limb transplantation in rats is the preferred rodent model in reconstructive transplantation (RT), however it is an extremely demanding procedure, which requires extraordinary microsurgical skills for reattachment of blood vessels, bones, muscles and nerves. 
We introduced the vascular cuff anastomosis technique to this model which provides a rapid and reliable approach to rat hind limb transplantation. This technique simplifies and shortens the surgical procedure and enables surgeons with basic microsurgical experience to carry out the operation with a high survival rate. The technique seems to be well suited for immunological as well as ischemia reperfusion injury (IRI) studies. 


Protocol
Donor operation and hind limb harvest

1. The rat is anesthetized with an intraperitoneal injection of pentobarbital and placed supine on the operation field.
2. An incision is made across the right groin approximately at the level of the inguinal ligament. The femoral vessels are dissected free with bipolar cautery and blunt dissection, deep branches are ligated with 8-0 silk. 
3. 300µl (50 IU) of heparin are injected via the penile vein for heparinisation.
4. Femoral vessels are ligated at the level of the inguinal ligament and cut distally from the ligature. 
5. The hind limb is flushed with ice cold (4C) HTK solution (5ml) via the femoral artery over 5 minutes. 
6. All muscle groups are divided with scissors and the osteotomy is performed with a rotating electrical saw at the level of the distal third of the femur.
7. The harvested limb is then submerged in 20mL of ice-cold HTK solution for preservation and cold storage until transplantation.

Recipient operation and transplantation

1. The rat is anesthetized with an intraperitoneal injection of pentobarbital and placed supine on the operation field. 
2. An incision is made across the right groin approximately at the level of the inguinal ligament. The femoral vessels are dissected free with bipolar cautery and blunt dissection.
3. Femoral vessels are ligated as distal as possible, but proximal to the epigastric vessel takeoff. Vascular clamps are placed at the level of the inguinal ligament on both, artery and vein.
4. A polyethylene cuff is pulled over the artery (outer cuff diameter: 0.94 mm, cuff-wall thickness: 0.18 mm, cuff length: 2.0 mm) and vein (outer cuff diameter: 1.2 mm; cuff-wall thickness: 0.2 mm, cuff length: 2.0 mm). The edge of the vessel lumen is then pulled with a vessel dilator and the femoral artery and vein are everted over the whole body of the cuff (approximately 2mm) and fixed with a circumferential 8-0 silk ligature.
5. To make room for the donor limb the recipient limb is removed with sharp dissection of muscle groups and osteotomy performed in the mid-femur. 
6. The donor limb is removed from the HTK solution and transplantation begins with osteosynthesis of the femur using an 18-gauge needle (length: 1.5-2.0 cm) as an intramedullary rod.
7. Ventral muscle groups are closely approximated with 4-0 vicryl or prolene interrupted sutures.
8. Vascular anastomoses are performed by pulling the donor vein and artery over the recipient’s vein and cuff. A circumferential 8-0 silk ligature is placed to secure the anastomosis. 
9. The venous clamp is released followed by the arterial clamp and reperfusion is visualized by return of colour to the distal limb and foot, as well as pulsatile flow through the artery.
10. The remaining dorsal muscle groups are re-approximated with 4-0 vicryl or prolene interrupted sutures.
11. The skin is closed with 4-0 vicryl or prolene interrupted sutures.
12. The recipient rat is placed on warm area and monitored until recovery.

Discussion

Decades of experimental research have preceded and enabled successful human hand transplantation in the recent past. In 1978, Shapiro et al. have developed an orthotopic hind limb transplant model in rats well suited to study various pathological, physiological, and immunological aspects as well as functional outcome of composite tissue grafts.  We modified the most challenging part of the procedure namely the vascular anastomosis by introducing a non-suture cuff technique. When compared to the conventional suture technique it simplifies and shortens the surgical procedure and enables surgeons with basic microsurgical experience to carry out the procedure with a high survival rate (90%).

1. The osteotomy of the donor hind-limb/recipient hind limb should be performed at the distal third of the femur/mid-femur to alleviate osteosynthesis during transplantation.
2. A careful selection of cuff sizes is crucial for successful revascularisation.
3. To avoid thrombosis heparin should be administered 1 minute prior to graft perfusion.
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