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SUMMARY:
This protocol describes a step-by-step procedure for harvesting a vascularized and reinnervated abdominal wall allograft, detailing its anatomic landmarks, technical requirements, and future potential clinical applications.

ABSTRACT
Extensive and complex abdominal wall defects, particularly those associated with intestinal or visceral organ damage, pose significant medical and surgical challenges. An ideal reconstruction must restore anatomy, function, sensation, and body image. Currently, no conventional reconstruction method fulfills all these criteria in such complex scenarios. However, vascularized composite allotransplantation (VCA) offers a unique solution, providing satisfactory anatomical and functional outcomes—albeit at the cost of lifelong immunosuppression.

Since the first reported human case in 2003, approximately 40 abdominal wall transplants have been performed worldwide, all in conjunction with intestinal or multivisceral transplantation. While various technical adaptations have been described, the procedure has proven to be both safe and effective for patients with complex abdominal wall defects. To date, no reinnervated abdominal wall allograft has been attempted in humans. However, reinnervation appears to be the next frontier, with the potential to enhance functional outcomes and reduce complications.

This protocol outlines a standardized procedure for harvesting and preparing a vascularized abdominal wall composite allograft, designed to ensure optimal results and minimize tissue damage. The graft, vascularized via the deep inferior epigastric vessels, is harvested with generous margins to enable tension-free reconstruction. We also detail the specific steps required to collect an innervated specimen. At the end of the procedure, the two deep inferior epigastric arteries are cannulated, and the graft is perfused with preservation solution for transport. Ultimately, this protocol aims to standardize abdominal wall graft procurement. It is intended as a valuable resource for both translational research and clinical applications, particularly as interest in abdominal wall transplantation continues to grow.

INTRODUCTION:

Successful closure of the abdominal wall following intestinal transplantation (ITx) or multivisceral transplantation (MVTx) presents a significant challenge for reconstructive surgeons due to various factors—such as the limited volume of the recipient’s abdominal cavity, morphological discrepancies between donor and recipient, postoperative edema, a scarred abdomen, and the presence of multiple enterocutaneous fistulas1-6.

Over the past few decades, several techniques for abdominal closure have been proposed to address or at least mitigate the complications associated with complex abdominal defects. These include the use of synthetic meshes, skin expansion, negative pressure therapy, and pedicled or free flaps2, 6-13.

However, when conventional methods are not feasible, two alternative strategies may be considered: selecting a donor with smaller organs, though this can increase waiting times and the risk of mortality for patients on transplant lists (Fishbein et al. reported an ideal donor-to-recipient weight ratio between 0.76 and 1.1)14 or proposing an associated abdominal wall transplant.

This concept was first introduced by Levi et al. in 200315 and later improved with a microvascular version by Cipriani et al.16. It is a feasible and safe procedure with numerous advantages, particularly given that immunosuppression is already required for intestinal or multivisceral transplants. It is, however, crucial to screen for donor contraindications, such as a history of abdominal hernias or bulges, prior intra-abdominal surgeries, or obesity.

A major benefit of abdominal wall allotransplantation is the ability to monitor immunosuppression and rejection through the skin component of the graft, which serves as both an immune modulator and a visible sentinel of host immune activity. This offers a valuable tool for early detection of intestinal graft rejection and, more importantly, helps avoid unnecessary over-immunosuppression in cases of graft dysfunction unrelated to immune rejection17, 18.

Despite its promise, abdominal wall allotransplantation remains a rare surgical intervention, with only about forty cases reported worldwide19, 20. These cases are described mainly through case series and reviews5, 15, 16, 19-30. Furthermore, literature on the procurement of reinnervated abdominal wall grafts is extremely limited; to date, no such procedures have been performed in living human subjects31. However, reinnervation is expected to significantly enhance functional outcomes27. This article aims to provide a step-by-step protocol for the procurement of an abdominal wall allograft—including the technical specifics of its reinnervated variant.

PROTOCOL:

The Anatomy Laboratory of the Faculty of Medicine in Nice, France, generously provided the specimens and materials used in this study. The research was approved by the French National Ethics Committee (approval number 83.2024) and conducted in accordance with the principles of the Declaration of Helsinki.

The abdominal wall allograft, roughly pentagonal in shape, extends from the xiphoid process to the pubic symphysis. It includes, in a single block, the skin and subcutaneous tissue, both rectus abdominis muscles, portions of the internal, external, and transversus abdominis muscles, the deep muscular fascia, the transversalis fascia, and the parietal peritoneal fascia. The graft is vascularized by the bilateral deep inferior epigastric vessels, which are transected proximally at their origin from the external iliac vessels.

1. Preoperative drawing (Figure 1)

1.1. Position the patient supine on the surgical table, with the arms alongside the body. Protect the eyes and ensure appropriate padding of pressure points.

1.2. Using a dermographic pencil, draw the superior boundary by marking a line starting at the xiphoid process of the sternum. Extend the line laterally, following the inferior margin of the rib cage on both sides, until it reaches a vertical line located 2–3 cm lateral to the anterior superior iliac spine.

1.3. Define the lateral boundary using the vertical line positioned 2–3 cm lateral to the anterior superior iliac spine. From this point, draw a line downward to meet the femoral artery pulse, approximately 7–10 cm below the inguinal ligament.

1.4. Draw the inferior boundary by extending a line from the femoral artery pulse toward the pubic spine on each side, forming a triangle whose apex lies below the inguinal ligaments. Connect both sides of the drawing along the midline, ending at the pubic symphysis.

[Place Figure 1 here]

2. Upper incision (Figure 2)

2.1. Perform a bilateral subcostal skin incision along the previously marked line using a cold scalpel blade.

2.2. Continue the incision through the subcutaneous tissue using an electrocautery device until reaching the muscular fascia.

2.3. Incise the fascia overlying the rectus abdominis muscles to expose the muscle bodies.

2.4. Transect the costal insertions of the rectus abdominis muscles with the electrocautery.

2.5. Identify the superior epigastric vessels, ligate them, and section them.

2.6. Behind each mobilized rectus muscle, incise successively the deep muscular aponeurosis, the transversalis fascia, and the parietal peritoneal fascia.

2.7. Laterally, dissect the external oblique muscles and identify the semilunar line.
[Place Figure 2 here]

3. Lateral incisions (Figure 3)

3.1. Perform a skin incision with a cold blade following the preestablished lateral design.

3.2. Continue the incision through the subcutaneous tissue using an electrocautery device until reaching the aponeurotic layer of the external oblique muscles.

3.3. Identify the semilunar line, then make a vertical incision in the aponeurosis of the external oblique muscle, approximately 2–3 cm lateral to the semilunar line.

3.4. Incise the external oblique muscle, followed by the internal oblique muscle, maintaining a 2 to 3 cm distance lateral to the semilunar line to avoid damaging the thoracolumbar nerves.

3.5. Identify the cleavage plane between the internal oblique and transverse abdominis muscles.

3.6. Locate the thoracolumbar nerves running between the internal oblique and transverse abdominis muscles, and carefully dissect them laterally as far as possible.

3.7. Once the thoracolumbar nerves are protected, incise the transverse abdominis muscle, followed by the transversalis fascia, and finally the parietal peritoneal fascia.

[Place Figure 3 here]

4. Release of the allograft from cranial to caudal 

4.1. Begin the release of the allograft from cranial to caudal, leaving it attached to the donor body by its lower margins.

4.2. Identify the deep inferior epigastric pedicles located on the deep surface of the rectus abdominis muscles.

5. Lower incision and pedicle dissection (Figure 4, Figure 5, and Figure 6)

5.1. Make a skin incision along the lower preestablished design using a cold blade.

5.2. Continue the subcutaneous dissection with an electric scalpel until reaching the crural muscular aponeurotic plane of the thigh.

5.3. Identify the great saphenous vein; ligate and cut it. Locate the lateral femoral cutaneous nerve and transect it.

5.4. Incise the crural fascia, which must be included in the graft specimen.

5.5. Elevate the two triangular fascio-cutaneous flaps located beneath the inguinal ligaments until the femoral vessels are exposed.

5.6. On both sides, carefully dissect the femoral artery and vein along with their collateral branches (superficial inferior epigastric and superficial circumflex iliac vessels). Continue the dissection toward the external iliac artery and vein, identifying and preserving the deep inferior epigastric and deep circumflex iliac vessels. Loop the deep inferior epigastric vessels with a silicone loop for protection. In heart-beating donors, ensure arterial pulsatility is maintained throughout the procedure, and confirm that the skin edges of the allograft bleed as an indicator of perfusion.

5.7. Continue the dissection above the inguinal ligament by removing the muscular fascia over the iliac muscle to avoid damaging the deep circumflex iliac vessels.

5.8. Using an electric scalpel, detach the rectus abdominis muscles from their pubic insertions, taking care to preserve the integrity of the deep inferior epigastric vessels.

5.9. Ligate and transect the contents of the inguinal canal: the spermatic cord and ilioinguinal nerve in men, or the round ligament of the uterus and ilioinguinal nerve in women.

5.10. Complete the dissection by ligating and cutting the deep circumflex iliac, superficial circumflex iliac, and superficial inferior epigastric vessels at their origins on the external iliac and femoral vessels. Ensure that the two deep inferior epigastric vascular pedicles remain attached to both the abdominal wall allograft and the donor’s body.

[Place Figure 4 here]
[Place Figure 5 here]
[Place Figure 6 here]

6. Graft weaning and conditioning (Figure 7)

6.1. Keep the abdominal wall allograft pedicled on the deep inferior epigastric vessels while the abdominal viscera are being removed. During this time, place the graft in a sterile basin filled with cold saline solution.

6.2. After the complete removal of the abdominal viscera, identify and mark the deep inferior epigastric vessels on both sides—typically one artery and two veins per side. Carefully dissect and ligate the vessels at their origins from the external iliac vessels. Transect the vessels to release the graft.

6.3. Catheterize each deep inferior epigastric artery using a vascular cannula equipped with a stopcock. Secure the cannula to the arterial lumen with a ligature.

6.4. Attach an irrigation set to the cannulas and flush the graft with 1–3 L of University of Wisconsin (UW) preservation solution cooled to 4 °C. Maintain a flow rate of approximately 100 mL/min under low pressure (<100 mmHg) until the effluent runs clear. This step ensures optimal cooling and preservation of the graft prior to transplantation.

[Place Figure 7 here]

REPRESENTATIVE RESULTS:

The donor body dissected for this study was a female subject measuring 1.69 m in height and presenting a standard body morphology. The harvested abdominal wall allograft measured 40 cm in height and 21 cm in width, with a relatively uniform thickness of 43 mm.

On each side, four thoracolumbar nerves of good caliber (approximately 1 mm in diameter) were successfully isolated. These nerves were dissected laterally within the anatomical plane between the internal oblique and transverse abdominis muscles, obtaining an average usable length of 68 mm, sufficient to allow for potential nerve coaptation.

All key arterial vessels supplying the abdominal wall allograft were easily identified bilaterally: the deep inferior epigastric arteries, deep circumflex iliac arteries, superficial inferior epigastric arteries, and superficial circumflex iliac arteries. Notably, on the left side, the superficial inferior epigastric artery and the superficial circumflex iliac artery emerged from the femoral artery via a common trunk measuring approximately 11 mm in length.

The deep inferior epigastric arteries displayed a caliber of roughly 2 mm at their origin and a length of approximately 78 mm before penetrating the flap (Table 1). Their accompanying veins, draining into the external iliac veins, were dissected over a length of approximately 70 mm without difficulty (Table 1). 

[Place Table 1 here]

FIGURE AND TABLE LEGENDS:

Figure 1: Preoperative drawing. The continuous blue line represents the surgical skin incision of the abdominal wall allotransplantation. (1) xiphoid process, (2) lower costal margin, (3) anterosuperior iliac spine, (4) inguinal ligament, (5) pubic symphysis.

Figure 2: Upper Incision. The upper detachment of the abdominal allograft allows visualization of the abdominal wall muscles. (1) left rectus abdominis muscle, (2) right rectus abdominis muscle, (3) white line, (4) deep muscular aponeurosis.

Figure 3: Lateral Incision and identification of thoracolumbar nerves. The lateral dissection shows the thoracolumbar nerves running between the internal oblique and transverse abdominis muscles. The allograft is raised from cranial to caudal. (1) right thoracolumbar nerve n°1, (2) right thoracolumbar nerve n°2, (3) right thoracolumbar nerve n°3, (4) right thoracolumbar nerve n°4, (5) left thoracolumbar nerve n°1, (6) left thoracolumbar nerve n°2, (7) left thoracolumbar nerve n°3, (8) left thoracolumbar nerve n°4, (9) right internal oblique muscle, (10) left internal oblique muscle, (11) right external oblique muscle, (12) left external oblique muscle, (13) right rectus abdominis muscle, (14) left rectus abdominis muscle, (15) parietal peritoneal fascia.

Figure 4: Allograft vascularization. This anterior view exposes all the vessels (arteries and veins) and nerves that need to be identified. In the background, in the abdominal cavity, we can see the abdominal organs. (1) right thoracolumbar nerve n°1, (2) right thoracolumbar nerve n°2, (3) right thoracolumbar nerve n°3, (4) right thoracolumbar nerve n°4, (5) left thoracolumbar nerve n°1, (6) left thoracolumbar nerve n°2, (7) left thoracolumbar nerve n°3, (8) left thoracolumbar nerve n°4, (9) right external iliac artery, (10) left external iliac artery, (11) right deep epigastric inferior artery, (12) left deep epigastric inferior artery, (13) right deep epigastric inferior vein, (14) left deep epigastric inferior vein, (15) right external iliac vein, (16) left external iliac vein, (17) right deep circumflex iliac artery, (18) left deep circumflex iliac artery, (19) right superficial circumflex iliac artery, (20) right superficial epigastric inferior artery, (21) common trunk of left superficial epigastric inferior artery and left superficial circumflex iliac artery.

Figure 5: Allograft vascularization (left side). On this left side view, we can see four thoracolumbar nerves. Moreover, in that case, there is a common trunk between the left superficial epigastric inferior artery and the left superficial circumflex iliac artery. (1) left thoracolumbar nerve n°1, (2) left thoracolumbar nerve n°2, (3) left thoracolumbar nerve n°3, (4) left thoracolumbar nerve n°4, (5) left external iliac artery, (6) left deep epigastric inferior artery, (7) left deep epigastric inferior vein, (8) left external iliac vein, (9) left deep circumflex iliac artery, (10) common trunk of left superficial epigastric inferior artery and left superficial circumflex iliac artery.

Figure 6: Allograft vascularization (right side). On this right side view, we can see four thoracolumbar nerves. Here, the right superficial epigastric inferior artery and the right superficial circumflex iliac artery begin separately from the femoral artery. (1) right thoracolumbar nerve n°1, (2) right thoracolumbar nerve n°2, (3) right thoracolumbar nerve n°3, (4) right thoracolumbar nerve n°4, (5) right external iliac artery, (6) right deep epigastric inferior artery, (7) right deep epigastric inferior vein, (8) right external iliac vein, (9) right deep circumflex iliac artery, (10) right superficial circumflex iliac artery, (11) right superficial epigastric inferior artery.

Figure 7: Free abdominal allograft. The left picture shows the deep side of the free allograft, and the right picture shows the superficial side of the free allograft. This abdominal wall allotransplantation is now ready to receive the preservation solution and to be transported. (1) left thoracolumbar nerve n°1, (2) left thoracolumbar nerve n°2 left, (3) left thoracolumbar nerve n°3, (4) left thoracolumbar nerve n°4 left, (5) right thoracolumbar nerve n°1, (6) right thoracolumbar nerve n°2, (7) right thoracolumbar nerve n°3, (8) right thoracolumbar nerve n°4, (9) left deep epigastric inferior artery, (10) right deep epigastric inferior artery, (11) left deep epigastric inferior vein, (12) right deep epigastric inferior vein, (13) left deep circumflex iliac artery, (14) right deep circumflex iliac artery, (15) common trunk of left superficial epigastric inferior artery and left superficial circumflex iliac artery, (16) right superficial circumflex iliac artery, (17) right superficial epigastric inferior artery, (18) left rectus abdominis muscle, (19) right rectus abdominis muscle, (20) arcuate line.

Table 1: Nerves and arteries dimensions on a cadaver dissection.

DISCUSSION:

According to current literature, abdominal wall allotransplantation has proven to be an effective reconstructive option in complex organ transplantation settings. The current indications for this surgical technique remain limited to cases where conventional methods of abdominal wall reconstruction are not feasible during intra-abdominal organ transplantation. These include situations such as a multi-scarred and fibrotic abdomen resulting from repeated abdominal surgeries, the presence of multiple enterocutaneous fistulas or stomas, significant morphological mismatch between donor and recipient, reduced intestinal length due to previous resections, and severe postoperative intestinal edema19, 32. Several authors have studied abdominal wall allografts in animal models, particularly to investigate their immunological properties33-38. In clinical practice, abdominal wall allografts are harvested during multi-organ procurement procedures from deceased donors in a state of brain death. 

In humans, two main harvesting techniques have been described: a macrosurgical approach, in which the abdominal wall is harvested based on the deep inferior epigastric vessels left in continuity with the external iliac vessels, with vascular dissection extended to a short segment of the abdominal aorta and inferior vena cava15; and a microsurgical approach, in which the abdominal wall is harvested based on the deep inferior epigastric pedicles, which are transected flush at their origin from the external iliac vessels16, 39. The microvascular technique for abdominal wall allotransplantation, initially described by Cipriani et al. in 200716, has since been detailed in several publications and textbooks, often with minor technical variations19, 20, 24, 27, 39, 40.

As suggested by anatomical studies on the vascularization of the abdominal wall40-42, to ensure reliable perfusion of the flap—particularly in its inferolateral regions—it is advisable to identify and include the deep circumflex iliac pedicles within the allograft by dissecting and removing the iliac fascia. Even if these vessels are not reanastomosed to their counterparts in the recipient, the collateral network between the deep circumflex iliac vessels and the deep inferior epigastric vessels is expected to enhance the vascular reliability of the graft. Similarly, the superficial inferior epigastric and superficial circumflex iliac vessels are preserved by including the skin-fat triangular flaps located beneath the inguinal ligaments along with the fascia of the thigh muscles. Some authors40 also describe harvesting a short segment (approximately 5 cm) of the iliofemoral artery, encompassing the origins of the deep inferior epigastric artery, the deep circumflex iliac artery, and their superficial counterparts. According to the experience of Honeyman et al.19, a near-total anterior abdominal wall can be successfully vascularized using the deep inferior epigastric system alone.

Harvesting a reinnervated abdominal wall allograft introduces a new technical challenge. No such procedure has yet been attempted in living human donors. Existing data on reinnervated grafts are limited to animal studies38 and cadaveric dissections43, 44. Beyond providing coverage and a satisfactory cosmetic outcome, such grafts may significantly improve long-term visceral containment, respiratory mechanics, and overall patient quality of life. The anterior abdominal wall is primarily innervated by the lower intercostal nerves (T6–T11), the subcostal nerve (T12), and the iliohypogastric nerve (L1)45-48.  According to Broyles et al.43, it is feasible to isolate between three and six thoracoabdominal nerves, each measuring 6–7 cm in length with an approximate diameter of 2 mm. To achieve this, the muscular layers of the lateral abdominal wall must be separated, and the dissection plane between the internal oblique and transversus abdominis muscles carefully developed to identify and preserve the thoracolumbar nerves44. Singh et al.44 recommend beginning this dissection approximately 2 cm lateral to the semilunar line to avoid inadvertent nerve injury. These nerves may then be coapted to their corresponding motor branches in the recipient. However, it remains to be determined how many nerve repairs are required to achieve meaningful motor reinnervation and functional restoration27.

The current literature indicates that approximately 35% of abdominal wall transplantation recipients experience at least one episode of acute rejection within the first year post-transplant, a rate notably lower than that observed in other vascularized composite allotransplantations such as hand and face transplants19. Furthermore, it should be noted that some authors recommend the inclusion of vascularized bone in the allograft (from a segment of three ribs left attached to the insertions of the rectus abdominis muscles), as this could allow for better fixation of the allograft in the recipient and reduce the intensity of immunosuppression by inducing immunological chimerism44. The osteochondral segments removed are then reattached to the recipient using conventional osteosynthesis techniques. An associated bone harvest from the iliac crest could also be considered, although this has not yet been described.

Finally, regarding allograft revascularization, several connection strategies have been described for abdominal wall transplantation49. According to the literature, four main methods are currently used50: i) anastomosis of the donor’s external iliac vessels to the recipient’s common iliac vessels in a termino-lateral fashion via a short segment of the aorta and inferior vena cava15. However, this macrosurgical approach may be contraindicated in cases involving liver retrieval, as the iliac vessels are often required for hepatic graft implantation. ii) Termino-terminal anastomosis of the donor and recipient’s deep inferior epigastric vessels16. iii) Temporary anastomosis of the deep inferior epigastric vessels to a forearm vascular pedicle (radial or ulnar artery) to minimize ischemia time24. iv) Use of an arteriovenous vascular loop to allow simultaneous revascularization of the abdominal wall and visceral transplant29, 51.

Several shortcomings remain in the field of abdominal wall transplantation. Although technical aspects of the procedure are now well-documented, there is still a lack of detailed discussion regarding optimized immunosuppressive strategies and the evaluation of long-term patient quality of life20. While rehabilitation protocols are well established in the context of hand and face transplantation52, no standardized physiotherapy protocol currently exists for the postoperative management of abdominal wall transplantation. In the limited clinical literature available, rehabilitation tends to focus on restoring core stability and functional mobility, but without a structured or validated program19, 39. In the specific context of a reinnervated graft, however, the implementation of a strict and tailored postoperative rehabilitation protocol would likely be even more critical to optimize neuromuscular integration and functional outcomes.

As previously stated, abdominal wall allotransplantation remains an exceptional procedure reserved for highly specific indications. However, advances in immunomodulation and reinnervated transplantation may broaden its applications beyond ITx/MVTx, potentially including elective, non-vital surgeries such as major abdominal wall defects or complex hernias that are not amenable to traditional reconstruction. Moreover, improvements in immunosuppressive regimens and the development of tolerance-induction strategies may help expand the indications for vascularized composite allografts, including isolated abdominal wall transplants without simultaneous solid organ transplantation44, 53, 54.

Cadaveric dissections have demonstrated the anatomical feasibility of transplanting large, innervated abdominal wall allografts, with the potential to preserve native anatomy, function, and sensation through reinnervation. As a result, this technique should be considered for future clinical applications. If proven effective, it could reduce complications associated with reconstruction of a denervated abdominal wall, enhance patient quality of life, and potentially expand the indications for this surgical approach.
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