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Abstract
In pancreas transplantation, complications can arise at each step of the process, from the initial selection of donors and recipients through the surgical technique itself and the post-operative period, when lifelong immunosuppression is required.  In the early steps, careful retrieval and preservation of the pancreas are crucial for the viability of the organ and ultimate success of the transplant. The pancreas is a low-flow gland, making it highly sensitive to transplantation conditions and presenting risk of pancreatitis due to periods of ischemia. The two groups of donors - after brain death (DBD) or after cardiac arrest (DCD) - require different strategies of retrieval and preservation to avoid or reduce the risk of complications developing during and after the transplantation. For DBD donor transplantation, multiorgan retrieval and cold preservation is the conventional technique. Asystole donor (DCD) transplantation, in contrast, can benefit from the newest technologies, such as hypothermic and especially normothermic preservation machines (referred to as NECMO), to optimize organ preservation. The latter has led to an increase in the pool of donors by facilitating recuperation of organs for transplantation that would have been discarded otherwise.
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Core Tip: The retrieval and preservation steps of pancreas transplantation are critical factors for graft and patient survival. The most frequent complications of these steps are pancreatitis, graft thrombosis, fistula, and infectious collections. Therefore, it is very important to design and carry out a careful surgical technique for retrieval and a rigorous method of preservation for optimal organ integrity.

INTRODUCTION
The selection requirements for accepting a pancreatic graft are very strict, with the transplant and patient outcomes depending largely on such[1-3]. The most important risk criteria for recipients are age over 55 years, body mass index over 30%, creatinine level over 1.5, preservation period over 20 h, prolonged periods of cardiac arrest and hypotension, and donor factors of atherosclerosis as cause of brain death, presence of arteriosclerosis of the celiac axis, presence of thrombophilia, and history of cardiac arrest[4,5]. The complications that occur during the earliest steps (retrieval and preservation) are determinant factors of the transplant outcome. Early recognition of complications and initiation of preventive measures, therefore, guide the decision-making process for moving forward with any transplantation.
The potential complications are numerous but the most common are postoperative bleeding, graft thrombosis, peripancreatic collections and abscesses, duodenal fistulas, pancreatitis, pseudocyst formation, compartment syndrome, and long-term formation of fungal aneurysms[6-8]. These recipient complications present equal risk with regard to donor status at time of harvesting: Brain dead donor (DBD) or asystole (DCD). These two forms of donor status are determined by the circumstances of the donation situation. DBD, which uses cold-temperature preservation, occurs under the following three scenarios: A1, with unidentified vascular anomalies during the retrieval; A2, with iatrogenic lesions during the retrieval; and A3, with anomalous factors related to the perfusion and preservation. DCD, on the other hand, is classified as either B1, with super-fast retrieval and cold preservation, or B2, with preservation with normothermic preservation machines (NECMOs).

A-DBD (A1-A3) WITH RETRIEVAL AND COLD PRESERVATION
In these scenarios, the pancreatic retrieval technique can be performed by classic dissection, obtaining the pancreas in combination with the liver, or by a technique of removal of the entire abdominal block (liver, pancreas, and kidneys). In most pancreas transplant programs, the type of graft used is the pancreatic-duodenal form obtained from DBDs; although, in some centers, DCDs are used. Moreover, at the end of the century (1980s and 1990s), some centers used segmental grafts, including those obtained from living donors.
Since pancreas donors are often also liver donors, it is mandatory to share both arterial and venous vascularization[9-11]. As such, there are a number of specific factors that determine the viability of a pancreatic graft, such as vascular abnormalities, especially of the hepatic artery, edema or fat infiltration of the pancreas, injuries during harvesting, injuries to the surface of the pancreas, hematomas, etc[12-14].

A1 (unidentified vascular anomalies during the retrieval)
The fundamental axis of the arterial circulation is the celiac axis, and the system consists of three main arteries: The splenic artery, the gastroduodenal artery, and the superior mesenteric artery. One of the most frequent vascular anomalies encountered is a right hepatic artery from the upper mesenteric artery (Figures 1 and 2). This anomaly must be detected at the beginning of the retrieval operation, since injury or inadvertent section of this artery compromises the use of one of the associated organs[15,16]. Another frequently encountered anomaly is a dorsal pancreatic artery exiting directly into the celiac trunk or just before the splenic artery (Figure 3); injury of this artery during surgical maneuvers results in graft thrombosis[17].

A2 (iatrogenic lesions during retrieval)
This situation can only be avoided (or risk minimized) by careful performance of the pancreas retrieval technique[18]. In most cases, the situation can be readily recognized by the surgeon during the harvesting procedure and repaired immediately; if it goes undetected until the inspection of the graft during the bench surgery, or even until the time of implantation and revascularization, the consequences can be dire (hematoma and postoperative pancreatitis)[19,20]. From a technical point of view, it is recommended to mobilize the pancreas without touching the gland (as much as possible), holding it through the spleen in order to avoid traction, hematomas and capsule tears (Figure 4).
The most critical injuries are those that involve the vessels of the gland at the pancreas head and duodenum; although, those involving the pancreatic body and tail are not trifling. One of the complications that can occur is related to the anatomical vascular anomalies already mentioned, such as the existence of a right hepatic artery as the first branch of the superior mesenteric artery or the section or injury of a segment of the splenic artery or the dorsal pancreatic artery. If this has occurred and tail perfusion is compromised, at most centers the graft is usually discarded for vascularized transplantation, leaving open the option of use for islet isolation. However, in some emergent situations, such as a rescue surgery, a distal resection could be performed in order to use the graft for vascularized transplant.
It is convenient to place some sutures that identify the edge of the splenic artery, since it can retract, and also to identify the section edge of the portal vein, given its small size. It is important to check that the lower pancreaticoduodenal artery is located on the pancreatic side entirely; this is especially important during preparation of the duodenal segment of the graft, and during distal section of the mesenteric vessels.

A3 (factors related to the perfusion and preservation of the pancreas)
Static cold storage is the preservation technique used in most programs of pancreas transplants. It is based on the principle of reducing cell metabolism by lowering the temperature. This decreases the consumption of adenosine triphosphate and inhibits the activity of intracellular enzymes, with consequent reduction in cell degradation by hydrolysis of phospholipids. Under the hypothermic condition, metabolism activity drops to 10% but, over time, it produces ischemic lesions. This is particularly detrimental to graft survival, and preservative solutions are designed to minimize the detrimental effects of cold ischemic injury[21,22]. This remains an essential aspect for the surgeon’s attention, however, since the pancreas is a gland that is very sensitive to edema.
The perfusion technique must be carried out with any preservation solution [e.g., electrolyte mimicking intracellular, i.e., UW, or extracellular, i.e., IGL, solutions, and mannitol-containing solutions, i.e., Celsior and histidine-tryptophan-ketoglutarate (commonly referred to as HTK), etc.] through arterial cannulas at low pressure (< 60 cm) in order to minimize edema[23-27]. In general, it is recommended to perform perfusion through the aorta[9], sectioning the portal vein above the pancreas after having perfused the 1st L of solution, in order to facilitate drainage of the pancreas and avoid edema.
In order to maintain arterial and venous perfusion for the liver, the portal vein proximal to the liver may be cannulated and perfusion continued. Arterial perfusion should also be continued to maintain the perfusion of the liver and kidneys. A maximum of 4 L of perfusion solution is recommended for a 70 kg donor. Once the pancreas has cooled through the perfusion and via contact with ice, it can be retrieved separately or together with the liver (Figures 5 and 6). There is good evidence that both liver and pancreas function better when retrieved en bloc and separated on the back table[10].
In bench surgery, the integrity of the gland and its vessels must be checked. In addition to confirming that the capsule is intact, it is important to infuse preservation solution at low pressure through the cut ends of the splenic and superior mesenteric arteries, to verify that the effluent flows properly through the end of the graft’s portal vein. It can also be left without ligating the stump of the gastroduodenal artery to check the permeability of the arterial tree at that level. The venous drainage of the pancreas is made up of vessels that connect to the splenic vein and the superior mesenteric vein, giving way to the portal vein (Figures 7 and 8).
If the perfusion is not satisfactory or the portal effluent remains bloody with small clots, the perfusion is deemed inadequate and a risk for venous thrombosis of the graft[28].

B-DONOR IN ASYSTOLE (DCD) (B1 AND B2)
Shortage of conventional pancreas donors has led to a significant increase in DCD donations. Indeed, asystole donors have constituted a very important group in recent years. The largest studies comparing the outcomes of pancreas transplantation from DCDs with those from DBDs have shown comparable results. However, it is important to remember that the selection of DCDs is often more rigorous and DCDs tend to be younger, with a lower body mass index; and, recipients of such are also at lower-risk immunological level, further favoring the results from DCD transplants[29-32]. Given that the use of these donors implies an increase in resources, we must be extreme in the selection criteria, in order to identify the risk factors and therefore the complications that these donors may present (Table 1). Although there are some differences in the screening and control criteria of these donors in different occidental countries, in general, the 5-min non-touch period is accepted. The technique chosen for organ retrieval depends on whether NECMO technology is available; alternatively, a super-fast cold technique must be used.

B1 (super-fast retrieval and cold preservation)
Super-fast retrieval and cold dissection technique was introduced as a means of rapid procurement of all abdominal organs. This approach was initially used with unstable donors but has since been applied successfully to multiorgan retrievals.  In such cases, extreme care must be taken when performing the surgery to avoid iatrogenic injuries. It is very important to check for anatomical anomalies and carry out the surgical technique in conjunction with an early abdominal perfusion through the aorta. After the non-touch period, wide-access laparotomy and rapid access to the aorta should be performed to insert the perfusion cannula[33-35] (Figure 9).
Warm ischemic time has two components - the time from when the patient is hypotensive after the start of life-support limitation, and the time from asystole to cannulation of the abdominal aorta and the start of organ-preserving perfusion. Once the entire abdominal block has been perfused, it should be explanted en bloc. Subsequently, the dissection and identification of the different anatomical structures can be performed in the bench surgery. It is convenient to reperfuse the pancreas through the splenic and upper mesenteric arteries, until the effluent becomes clear.
The asystole donor is considered to be at higher thrombotic risk. Pre-transplant anticoagulation with low molecular weight heparin (40 mg at 6 h before surgery) should be performed, followed by heparinization with 2500 U of unfractionated heparin before vascular clamping in the recipient.

B2-donor in asystole (DCD) (with NECMO preservation)
NECMO technology is relatively new but has emerged as a successful approach for the retrieval and preservation of organs from controlled asystole Maastricht type III donors[36-40]. Normothermal perfusion has the potential to decrease or ameliorate ischemic injury and also facilitates the testing of graft viability, reducing the percentage of organs discarded prior to transplantation. Its use in DCDs has been proposed as superior to super-fast extraction, as it overcomes the risk of ischemia effects and improves the graft outcome in recipients. The demonstrated advantages are better immediate graft function, fewer post-transplant complications, shorter hospital stay, and better graft survival. These differences are especially significant in the case of liver and pancreas transplants[41].
One of the important advantages in Spain, in particular, is that it is legally authorized to start anticoagulation maneuvers and placement of cannulas after consent for donation. This process consists of the administration of heparin (600 U/kg) and the cannulation of the femoral vessels before the withdrawal of life-sustaining therapies. The femoral artery and vein are percutaneously cannulated in the intensive care unit, using the Seldinger technique. An aortic occlusion balloon is placed through the femoral vessels in the contralateral groin to prevent cerebral and coronary perfusion during the normothermal recirculation. It is also essential to maintain a pump flow of 2-2.4 L/min[42,43] (Figure 10).
The functional warm ischemic time (commonly known as f-WIT) for abdominal grafts is defined as the time from systolic blood pressure < 60 mmHg to the start of normothermal recirculation, including the 5-min non-touch period. A continuous pressure of 60-65 mmHg should be maintained at the femoral artery cannula, along with a temperature of 37 °C. Bicarbonate is administered immediately after the start of recirculation, to maintain pH of 7.35-7.45. Hematocrit is maintained > 25%. To avoid low blood flow in the pump due to the absence of venous return from the chest and head, 1-1.5 L of saline is perfused to the DCD just prior to vena cava ligation. The potential advantage is that it provides a continuous circulation that is able to improve the metabolic support during perfusion, preserving the microcirculation of the organs and thereby improving preservation. Another important aspect is that it allows the quality of the organs to be evaluated before transplantation, especially in those organs coming from donors with expanded criteria. Finally, it reduces the risk of delayed graft function and improves the survival of the graft.
One of the complications related to the severe anticoagulation, to which these donors are subjected, is the risk of postoperative bleeding, along with the consequently required reoperation. Other complications observed include the existence of peripancreatic hematomas with risk of abdominal compartmental syndrome, especially with the use of a retroperitoneal graft technique. A compartment syndrome exists when increased pressure in a closed anatomic space threatens the viability of the tissue within the compartment[44-47]. In these cases, the entire wound must be opened to drain the hematoma and liberate the graft from the existing pressure, since otherwise the ischemia and thrombosis of the graft is the rule. Subsequently, a negative pressure closure technique is recommended (Figure 11).
Negative-pressure wound therapy is a frequently applied open abdomen treatment. There are only few experimental data published in support of this method and describing the optimal settings and pressure distribution in the abdominal cavity during this procedure[48-51]. The retrieval and preservation of the pancreas for transplantation is a surgical procedure that requires very high level anatomical and technical knowledge. It is necessary to remember that the pancreas is the most frequently discarded organ during donation.

CONCLUSION
Pancreas transplant is a milestone in the treatment of diabetes mellitus, for selected patients. Despite the improvement of its results in terms of patient and graft survival (similar to the transplantation of other solid organs), its complications are important and numerous, often compromising the viability of the transplant. For this reason, we must be very careful with the selection of donors and recipients, as well as with the technical aspects related to the retrieval, preservation and transplantation of the pancreas. The new techniques of retrieval and preservation of the pancreas in asystole donors have allowed us to increase the pool of donors while maintaining safety guidelines for patients.
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Figure Legends
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Figure 1 Right hepatic artery from mesenteric superior artery.
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Figure 2 Right hepatic artery from mesenteric superior artery. A: Intraoperative view; B: Overlayed with identifiers. SMA: Superior mesenteric artery; IPDA: Inferior pancreaticoduodenal artery; rRHA: Replaced right hepatic artery.
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Figure 3 Arterial vasculature of the pancreas. Illustrated from the view of contemporary surgery. A: Anterior; B: Posterior.
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Figure 4 Pancreas graft mobilization. A: Photo; B: Drawing from Martin Finch.
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Figure 5 Retrieval of pancreas and liver. A and B: Intraoperative views of the retrieval procedure, showing different aspects.
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Figure 6 Pancreatico-duodenal graft. A and B: Intraoperative views of the bench preparation procedure, showing different aspects.
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Figure 7 Venous vessels. Illustrated from the view of contemporary surgery. A: Anterior view; B: Posterior view.
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Figure 8 Portal vein.
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Figure 9 Aortic canula in super-fast retrieval. A and B: Intraoperative views of the procedure, showing different aspects. Photos provided by Dr Perez Daga, pancreas transplant surgeon (Malaga, Spain).
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Figure 10 Normothermic circulation. A: Picture of normothermic preservation machines (NECMO); B: Diagram of NECMO. NECMO: Normothermic preservation machines.
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Figure 11 Negative-pressure wound therapy.

Table 1 Risk factors
	No. of risk factors
	Tecnical failure (%)
	Graft survival (%)

	0
	7.5
	100

	1
	12.8
	92.5

	2
	26.7
	75.9

	3
	42.9
	57.1
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