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Abstract
The aim of the work was to analyze and expose the donor and recipient risk
factors in pancreas transplantation. In the following paper, we exposed the 2018
Spanish Consensus Document on Donor and Recipient Selection Criteria for
Pancreas Transplantation. An assessment of the previous Selection Criteria for
Donors and Recipients of Pancreas Transplantation, published in 2005 by the
Spanish Pancreas Transplant Group (GETP) and the National Transplant
Organization (ONT) was performed. A literature review was performed using
Cochrane Library, PubMed and Google Scholar databases. Some of the following
terms were used for the literature search: “Diabetes Mellitus,” “Pancreas
Transplantation,” “Insulin-Secreting Cells,” “Pancreas Allograft Thrombosis,”
“Allograft Pancreatitis,” “Donors’ Risk Factors,” “Recipients’ Risk Factors,”
“Pancreas Allograft Rejection” and “Pancreas Allograft Survival.” After an
extended search, different inclusion criteria were established. Articles and
documents with abstracts of full text and in English or Spanish language were
selected. Subsequently, different scientific meetings took place during 2015 and
2016 by the GETP. Finally, the updated criteria were published by the GETP and
ONT in 2018. Several risk factors have been described in pancreas transplantation
that can be divided into donor risk factors: Advanced age (> 50 years); high body
mass index (BMI) (> 30 kg/m2); cause of death (e.g., stroke); previous
hyperglycemia; hyperamylasemia; cold ischemia time (greater than 8 or 12 h,
depending on the type of donation); the use of vasopressors in the intensive care
unit or cardiac arrest; and the macroscopic aspect of the pancreas allograft. The
following are recipient risk factors: Advanced age (> 50 years); active smoking;
high BMI (> 30 kg/m2); and peripheral artery disease or sensorimotor
polyneuropathy. Based on the aforementioned parameters, different selection
criteria have been established for the recipients depending on the type of pancreas
transplantation. Knowledge of the risk factors for pancreas transplantation allows
the establishment of reliable selection criteria for choosing donors and recipients.
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Core Tip: Pancreas transplantation remains the only treatment to restore euglycemia and
hemoglobin A1c levels in diabetic patients. However, it presents high morbidity due to
different postoperative complications and the effects of the immunosuppressive
therapies. The pancreas transplantation complications occur more frequently in specific
cases related to donor factors (high body mass index, older age, etc.). Several studies
analyzed the donor and recipient risk factors. Knowing these risk factors allows us to
establish specific selection criteria in pancreas transplantation and may improve its
results.

Citation: Muñoz-Bellvís L, López-Sánchez J. Donor risk factors in pancreas transplantation.
World J Transplant 2020; 10(12): 372-380
URL: https://www.wjgnet.com/2220-3230/full/v10/i12/372.htm
DOI: https://dx.doi.org/10.5500/wjt.v10.i12.372

INTRODUCTION
A simple analysis of the donor’s cause of death allowed us to verify that those ideal
pancreas donors (healthy and young individuals) are currently decreasing. Therefore,
it is very important to optimize all possible pancreas grafts without risking the graft or
recipient.
The postoperative complications inherent to pancreatic surgery (e.g., pancreatitis,
fistulas, necrosis, etc.) appear similarly in pancreas transplantation. In addition,
ischemia-reperfusion injury, immunological factors and immunosuppressive therapy
increase the risk of their appearance[1]. Therefore, the quality of the graft is essential to
reduce the rate of postoperative surgical complications such as thrombosis,
pancreatitis, infection and fistulas. The factors discussed below have been associated to
an increase in the incidence of technical complications and are still considered a
significant cause of pancreatic graft loss[1-3].

DONOR RISK FACTORS
Age of the donors
Donor’s age is an important factor in the viability of grafts in all types of transplants.
Currently, older donors (> 80 years) are accepted for liver and kidney transplant.
Nonetheless, the age in pancreas transplantation remains a strict selection criteria. The
use of pediatric donors (< 18 years in the United States) for adult recipients is
infrequent due to the fact that these grafts present a lower β-cell mass, require a
greater technical challenge and are associated with a greater number of complications,
especially vascular thrombosis[4]. Despite this, some authors have presented excellent
results using the pancreas from donors < 10 years[5,6].
The largest published series of pancreas donors with ages ranging from 3 to 17 years
was from Fernandez LA et al[7]. A comparative study was performed between the
group of transplants from young donors [142 simultaneous pancreas kidney (SPK)
transplantations] and those from adult donors (538 SPK transplantations) over the
same period. After ten years of follow-up, no significant differences were found
regarding patient survival. However, a trend towards increased graft survival in
pediatric pancreas recipients was observed[7]. A subsequent study of the same group
insisted on the safety of pancreas transplantation from pediatric donors over three
years of age and with a weight of ≥ 25 kg[8]. Some authors have hypothesized that these
donors may benefit recipients who are underweight because kidney and pancreatic
function could be maximized[9].
Regarding the upper age limit, numerous authors have shown that the using the
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pancreas from donors older than 45 years is the most important donor risk factor and
leads to reduced graft survival and increased complications[10-19]. Other studies
performed under an immunosuppression regimen based on tacrolimus did not find an
increase in post-transplant complications using the pancreas from donors ≥ 45 years[11].
Most groups consider using the pancreas of donors older than 45-50 years to present
a significant risk in the development of vascular thrombosis, intra-abdominal
infections and duodenal or anastomotic leaks, which affects the graft and recipient
survival[6,12-22]. Krieger et al[6] analyzed 91 SPK transplantations using grafts from donors
older than 45 years. There was a decrease in patient survival at 1 year and 5 years and
an increase in the percentage of intra-abdominal infections compared to the group
transplanted with donor grafts between 18 years and 45 years. Graft loss occurred
mostly in the first 2 wk after surgery. This occurred in 6.6% of recipients from older
donors compared to 1.9% in the standard group.
These data show the trend to use the pancreas from donors younger than 50 years.
This was recently corroborated by the report of the Organ Procurement and
Transplantation Network/Scientific Registry of Transplant Recipients published in
2019 in reference to the year 2017[23]. This report stated that the age range of pancreas
donors between 18 and 34 years has remained stable for more than a decade. It is the
most frequent group of donors with an overall frequency of more than 60% of the
transplants. In relation to the other groups, donors under the age of 18 years obtained
percentages of around 20%, and those between 35 years and 49 years have decreased
in the last 10 years to around 10%. The proportion of donors over 50 years was less
than 1% of total pancreas donors[23].
In contrast, the EXPAND multicenter study[24] showed similar rates of morbidity and
graft rejection in transplant patients from donors over 50 years compared to those
under 50 years. Therefore, in cases of pancreas donors over 45 years, each group
should individualize each case by studying the medical history (especially previous
cardiovascular diseases), weight, previous physical activity and lifestyle, cause of
death, time in the intensive care unit, etc. This will allow optimization of a currently
scarce resource.

Cause of death for the donor
The ideal donor for pancreas transplantation is a young man without associated
diseases who has died by trauma. Currently, the North American and Spanish
registries have shown a progressive trend towards older donors with stroke-related
causes of death. In addition, the use of grafts from young donors associated with road
traffic accident-related deaths is declining.
In one study from the University of Minnesota[25], donor death due to stroke
appeared as an independent risk factor for allograft thrombosis after an SPK
transplantation. However, the donors were not divided by age groups. Therefore,
these results should be taken cautiously because the thrombosis could be related to age
and not to the cause of death. In fact, the pancreas of young donors who died of
congenital brain damage progressed significantly better than those of donors older
than 45 who died by stroke. It seems evident that the existence of coronary artery
disease and intracranial atherosclerosis are associated with systemic vascular
involvement. Therefore, the cause of death would not be a risk factor in itself but
rather the vascular disease.

Hyperglycemia
The presence of hyperglycemia in brain-dead patients is not uncommon. Some authors
suggest that hyperglycemia may affect post-transplantation evolution, but in general
this status is independent of the endocrine functional state of the pancreas. The
hyperglycemic status of the donor has different origins. It may be related to the trauma
itself (as a consequence of the destruction of areas of the central nervous system
related to metabolic functions), result from acute injury and the secondary release of
catecholamines and steroids or it may be related to the administration of exogenous
glucose and steroids. In the absence of a history of diabetes, this hyperglycemia is not
a contraindication to donation[10,26-28].

Hyperamylasemia
Hight levels of amylase in the blood are observed in up to 40% of donors and may
sometimes contraindicate donation[29]. Hyperamylasemia is frequently associated with
death due to traumatic brain injury. Other times it occurs as a result of direct trauma to
the salivary glands. It may also be secondary to pancreatitis, metastasis and chronic
renal disease, contraindicating donation in all cases. Conversely, an isolated elevation
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of amylase in the blood without associated lesions is not a contraindication for
donation, as the use of this type of pancreas does not affect graft function after
transplantation[26-30]. Currently, hyperglycemia or hyperamylasemia are not considered
absolute contraindications for transplantation[6,31].

Cold ischemia time
It has been considered that a pancreatic graft can be transplanted up to 30 h after
pancreas extraction[32]. Several studies show that within this limit there is no added
morbidity[10,15,33,34]. However, other authors have reported an increase in the incidence
of complications such as anastomotic leaks, thrombosis, pancreatitis and infections,
and they recommended to not exceed the limit of 20 h[35-38]. Recent studies showed a
higher rate of graft failure when the cold ischemia time increased[39].
The development of early pancreatitis after transplantation has been associated with
several factors, including advanced age and high body mass index (BMI), but it has
also been associated with prolonged ischemic times[37,40-42]. Currently, it would be
advisable in the brain-dead organ donors a cold ischemia time less than 12 h, and in
the donors after circulatory death (category III of the Maastricht classification
revisited) a time of cold ischemia less than 8 h.

Cardiac arrest and vasopressors
Donors who are hemodynamically unstable at the time of extraction are considered
marginal. In general terms, this corresponds to those donors who require high doses of
dopamine (> 10 µg/kg/min) or the use of two vasopressors at the time of extraction.
The pancreas is a low-flow organ, so hemodynamic instability before or during
extraction may contribute to the presence of inadequate perfusion and the
development of graft thrombosis and postoperative pancreatitis[31]. In a donor’s
preprocurement cardiac arrest, the functional impact and evolutionary curve over time
of liver and pancreatic enzymes should be carefully evaluated to rule out severe
damage in both organs. In particular, in brain-dead organ donors, the time of
preprocurement cardiac arrest should not exceed 15 min, although the functional
impact should always be assessed individually.

Macroscopic aspect
The macroscopic appearance of the pancreas at the time of extraction is the most
relevant data to decide the graft’s viability. The presence of acute or chronic
pancreatitis signs, the existence of pseudocysts or an important fatty infiltration may
contraindicate the pancreatic extraction. Also, evidence of traumatic injury to the
pancreas is contraindicated for transplantation. The pancreatic edema may be the
result of overhydration of the donor during the intensive care unit stay. The use of
grafts with edema depend on the direct examination by the surgeon and the
improvement of the organ after the administration of albumin and diuretics.
The most important factor for deciding the validity of the pancreas remains the
inspection by a senior transplant surgeon. A pancreas with calcifications, fibrosis or
fatty infiltration should not be considered valid. Likewise, the existence of vessels with
intense atheromatosis is an undoubted risk factor[6,31]. During extraction, color,
consistency and the presence of masses, nodules or trauma of the pancreas should be
evaluated. The organ should have a soft consistency with no indurated areas on
palpation and little or no fatty infiltration. A pale coloration suggests ischemia, while
an intense yellow color may be a consequence of fatty infiltration related to obesity or
alcoholism.

Donor weight
Donor obesity is an important risk factor for surgical complications following
transplantation. These grafts present intra- and periglandular fatty infiltration.
Therefore, its preservation is not always optimal. These pancreases are more
susceptible to ischemia-reperfusion injury and have an increased incidence of
pancreatitis, thrombosis and intra-abdominal infections. Likewise, the role that the
possible subclinical diabetes of the obese donor may play in the subsequent function of
the graft has been highlighted[8].
Previous studies showed significant differences in pancreatic graft survival results
between donors with BMI greater than or less than 30 kg/m2[43]. Other authors found a
relationship between a BMI greater than 30 kg/m2 and the presence of peripancreatic
fluid collections[44]. According to most of the authors, donor obesity is considered to be
one of the factors that contraindicate the use of the pancreas graft. It therefore seems
advisable not to accept a pancreas from a donor with a BMI > 30 kg/m2[34,35,37].
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A lower donor weight also represents a risk factor. The presence of small vessels
increases the technical requirements. A recipient with a pancreas from a donor
weighing less than 30 kg showed significantly lower graft survival than a recipient
who received a graft from a heavier donor. Graft thrombosis was the main cause of
graft loss on these occasions[4,8].

RECIPIENT (RISK FACTORS)
Patient selection for SPK transplantation
There are well-defined criteria for selecting SPK transplantation recipients: (1) Age ≤
55 years. Patients of older age should be considered individually; (2) Absence of severe
peripheral arterial disease or coronary heart disease; (3) Absence of several motor
sensory neuropathy or peripheral autonomic impairment; (4) Fulfillment of the kidney
transplantation criteria; (5) Absence of severe mental disorders; and (6) Ability to
understand the possible post-surgery complications and the treatment follow-up[37,45].
Relative contraindications: (1) Patients ≤ 18 years or > 55 years; (2) Recent retinal
hemorrhage; (3) Active smoker (it is recommended to stop smoking prior to the
inclusion on the waiting list); (4) BMI ≥ 30 kg/m2; and (5) Human immunodeficiency
virus, hepatitis C virus or hepatitis B virus positive. (hepatitis C virus treatment is
recommended prior to the inclusion on the waiting list).
Before SPK transplantation, dialysis can be performed by hemodialysis or peritoneal
dialysis based on what is considered adequate for the patient depending on the
moment and time expected on the waiting list. If the patient’s selection criteria are
based on achieving the improvement of diabetic lesions, predialysis patients should be
recommended for SPK transplantation. Patients with end stage renal disease without
dialysis could be included in the waiting list when creatinine levels are lower than 30
mL/min (stage IV). Once included on the waiting list, the nephrologist must report
any changes regarding the SPK transplantation selection criteria.

Pancreas transplant indications after a kidney transplant (pancreas after kidney)
Patients suitable for this transplant must meet the following criteria: (1) Type 1
diabetes mellitus (DM): Previous living or deceased donor kidney transplantation; (2)
Pancreatic graft failure after an SPK transplantation; (3) Tolerance for an increase in
immunosuppressive therapy; and (4) Stable performance of the renal graft in all the
cases (creatinine clearance > 40 mL/min)[37,46].

Pancreas transplant alone
Pancreas transplant alone is recommended for type 1 DM patients without end stage
renal disease. Also, a creatinine clearance > 60 mL/min and a proteinuria < 2 g/d are
required. Inclusion criteria: (1) Uncontrolled DM (severe hypoglycemia,
hyperglycemia or ketoacidosis) that compromise the quality of life; and (2) Failure of
the continuous subcutaneous insulin infusion and continuous glucose monitoring[37,47].

Indications in type 2 DM and other types of diabetes (maturity-onset diabetes of the
young)
Pancreas transplantation within these patients is limited to a stringent group. Survival
of the patients and grafts are similar to type 1 DM if the following selection criteria are
fulfilled: (1) 5 or more years with insulin therapy; (2) Insulin requirements < 75 IU/d;
(3) BMI ≤ 30 kg/m2; and (4) Fulfillment of type 1 DM indications[37].
Patients with a lower insulin secretion should be noted. Although it is hard to
establish these values based on the C-peptide values, a feasible option could be
considering C-peptide values < 5 ng/mL.

Patient assessment for pancreas transplantation
The following assessments are completed prior to pancreas transplantation: (1)
Medical history, physical examination, previous red blood cell transfusions, etc.; (2)
Immunological studies: Blood type, human leukocyte antigen, cytotoxic antibodies,
luminex, etc.; (3) Radiological exams: Abdominal ultrasound and chest and abdominal
X-ray; (4) Endoscopic procedures: Colonoscopy in patients ≥ 50 years old included on
the waiting list; (5) Extensive blood test including evaluation of diabetes, viral serology
and prostate specific antigen in male patients older than 40 years; and (6) In patients
with a history of autoimmune diseases (lupus, vasculitis, etc.), deep vein thrombosis,
pulmonary embolism, acute stroke, heart attack or family history of venous
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thromboembolism, a complete study of thrombophilia should be performed[37,48,49].
For each patient, besides the aforementioned clinical data and physical examination,
a specific complication-oriented study should be performed: (1) Diabetic retinopathy
screening (data regarding photocoagulation treatment and possible surgical
interventions should be stored); (2) Cardiovascular evaluation: we followed the
upcoming algorithm to identify the status of coronary heart disease in all pancreas
transplant candidates[49] (Figure 1); (3) Assessment of the peripheral vascular disease.
Evaluation of iliac axis by a computed tomographic angiography or magnetic
resonance angiography. Moreover, a carotid and aortic-iliac duplex ultrasound should
be performed in all patients; (4) Urological status: each recipient should be assessed by
the Urology Service to assess the urological status due to the diabetic autonomic
neuropathy. A prostate exam should be performed in males > 40 years; (5)
Neurological evaluation: clinical assessment of the peripheral neuropathy, the nerve
conduction velocity and the autonomic status; (6) Hormonal studies, C-peptide
measurement and immunological markers of the DM (anti-insulin and anti-GAD
antibodies); (7) Gynecological examination in fertile females (a mammography and
vaginal cytology should be included in females > 35 years); (8) Evaluation by the
pancreas transplant surgery team: assessment of the intestinal function, existence of
associated diseases such as gallstones, state of vascular axis and previous abdominal
surgery; (9) Complete infectious diseases screening; and (10) Psychological evaluation
(if needed).

Contraindications of pancreas transplantation (SPK, pancreas after kidney,
pancreas transplant alone transplantations)
The following items are contraindications of a pancreas transplantation: (1) Active
infection; (2) Severe coagulation abnormalities; (3) Positive crossmatch; (4) Drug
addiction (including alcoholism); (5) Complex coronary artery lesions, ejection fraction
< 50% and recent myocardial infarction; (6) Previous history of treatment
noncompliance; (7) Severe psychiatric disorder; (8) Neoplasia; (9) Morbid obesity; and
(10) Previously indicated contraindications in the kidney-pancreas transplant selection
criteria[37].

CONCLUSION
Knowledge of the risk factors for pancreas transplantation allows the establishment of
reliable selection criteria for choosing donors and recipients.

WJT

https://www.wjgnet.com

377

December 28, 2020

Volume 10

Issue 12

Muñoz-Bellvís L et al. Complications in pancreas transplantation

Figure 1 Algorithm to identify the status of coronary heart disease in all pancreas transplant candidates. MRI: Magnetic resonance imaging;
SPECT: Single-photon emission computed tomography.
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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.
Key Words: Pancreas transplantation; Diabetes mellitus; Graft thrombosis; Compartmental
syndrome; Pancreas retrieval; Pancreas preservation
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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.
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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 decisionmaking 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
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Figure 1 Right hepatic artery from mesenteric superior artery.

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.

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.
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Figure 3 Arterial vasculature of the pancreas. Illustrated from the view of contemporary surgery. A: Anterior; B: Posterior.

Figure 4 Pancreas graft mobilization. A: Photo; B: Drawing from Martin Finch.

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
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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 superfast 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
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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

Figure 5 Retrieval of pancreas and liver. A and B: Intraoperative views of the retrieval procedure, showing different aspects.

Figure 6 Pancreatico-duodenal graft. A and B: Intraoperative views of the bench preparation procedure, showing different aspects.

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
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Figure 7 Venous vessels. Illustrated from the view of contemporary surgery. A: Anterior view; B: Posterior view.

Figure 8 Portal vein.

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).

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
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Figure 10 Normothermic circulation. A: Picture of normothermic preservation machines (NECMO); B: Diagram of NECMO. NECMO: Normothermic
preservation machines.

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 11 Negative-pressure wound therapy.
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Abstract
The aim of this minireview is to compare various pancreas transplantation
exocrine drainage techniques i.e., bladder vs enteric. Both techniques have
different difficulties and complications. Numerous comparisons have been made
in the literature between exocrine drainage techniques throughout the history of
pancreas transplantation, detailing complications and their impact on graft and
patient survival. Specific emphasis has been made on the early postoperative
management of these complications and the related surgical infections and their
consequences. In light of the results, a number of bladder-drained pancreas grafts
required conversion to enteric drainage. As a result of technical improvements,
outcomes of the varied enteric exocrine drainage techniques (duodenojejunostomy, duodenoduodenostomy or gastric drainage) have also been
discussed i.e., assessing specific risks vs benefits. Pancreatic exocrine secretions
can be drained to the urinary or intestinal tracts. Until the late 1990s the bladder
drainage technique was used in the majority of transplant centers due to ease of
monitoring urine amylase and lipase levels for evaluation of possible rejection.
Moreover, bladder drainage was associated at that time with fewer surgical
complications, which in contrast to enteric drainage, could be managed with
conservative therapies. Nowadays, the most commonly used technique for proper
driving of exocrine pancreatic secretions is enteric drainage due to the high rate of
urological and metabolic complications associated with bladder drainage. Of note,
10% to 40% of bladder-drained pancreata eventually required enteric conversion
at no detriment to overall graft survival. Various surgical techniques were
originally described using the small bowel for enteric anastomosis with Roux-en-
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Y loop or a direct side-to-side anastomosis. Despite the improvements in surgery,
enteric drainage complication rates ranging from 2%-20% have been reported.
Treatment depends on the presence of any associated complications and the
condition of the patient. Intra-abdominal infection represents a potentially very
serious problem. Up to 30% of deep wound infections are associated with an
anastomotic leak. They can lead not only to high rates of graft loss, but also to
substantial mortality. New modifications of established techniques are being
developed, such as gastric or duodenal exocrine drainage. Duodenoduodenostomy is an interesting option, in which the pancreas is placed behind the
right colon and is oriented cephalad. The main concern of this technique is the
challenge of repairing the native duodenum when allograft pancreatectomy is
necessary. Identification and prevention of technical failure remains the main
objective for pancreas transplantation surgeons. In conclusion, despite numerous
techniques to minimize exocrine pancreatic drainage complications e.g., leakage
and infection, no universal technique has been standardized. A prospective
study/registry analysis may resolve this.
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Core Tip: A review of recent post-transplant complications regarding bladder drainage
(urologic complications), enteric drainage (leak), surgical infections and abdominal
compartment syndrome. Although safe and effective, bladder drainage brings
metabolic and urologic complications; therefore, physiologic enteric drainage is
preferred. Nevertheless, intra-abdominal infections and laparotomies arising from
complications may result in significant graft loss. New modifications of established
techniques are being developed, such as gastric or duodenal exocrine drainage. Donorrelated factors, preservation injury, and surgical techniques should be managed to
minimize adverse post-transplant events.
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INTRODUCTION
The first successful human pancreas transplant was performed on December 17, 1966
at the University of Minnesota[1]. Since then, a variety of pancreas transplant surgical
techniques have evolved, as is evident from the wide ranging contributions provided
by transplant groups throughout the world[2,3]. Regarding exocrine pancreas drainage,
outcomes have improved notably since the first physiologic enteric procedures
designed to divert pancreatic ductal secretions. Previously, drainage of exocrine
secretions was via the gut or in the urinary bladder. The bladder drainage (BD)
technique was used in most transplant centers until the late 1990s[3]. The
duodenocystostomy contributed extraordinarily to the viability of pancreas
transplants, as it allowed monitoring of pancreatic allograft function via urinary
amylase measurements together with directed biopsy of duodenal mucosa and/or
pancreas graft by cystoscopy[4-6] . Moreover, BD was associated at that time with fewer
surgical complications when compared with enteric drainage[3]. However, this
approach brings with it morbidity since it creates a nonphysiologic condition from
which specific metabolic and urologic complications may arise. As a result of these
common complications, the majority of centers now utilize enteric drainage, currently
considered the optimal method in the management of pancreatic exocrine secretions[7].
Given the success of the enteric drainage, limited progress has thus been made in the
field of BD in terms of novel surgical approaches. Notwithstanding, BD is still a
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considered alternative in selected cases when allograft duodenum viability is doubtful
due to reperfusion injury, or an increased likelihood of acute rejection in the case of
solitary pancreas transplantation[7].
Taking into account the historic importance of BD in pancreas transplantation, and
because it remains a preferred option at specific centers, some immediate postoperative complications have been outlined below.

BLADDER DRAINAGE
Using this technique, the graft duodenum is, in effect an exocrine conduit and is
anastomosed to the bladder by the classic double-layer hand sewn technique (Figure 1)
or using a circular stapler[8,9].
Consequently, metabolic issues arise from urinary loss of pancreatic juice, together
with its alkaline content. In spite of most patients compensating with increased
hydration and bicarbonate supplementation, hyperchloremic metabolic acidosis and
dehydration may occur[6]. In an attempt to minimize protein and bicarbonate loss from
the allograft duodenal mucosa, the length of donor duodenum transplanted with the
pancreas has been progressively shortened over time[7].
In addition, urologic complications have been reported in the literature[6,10-18]
including: Hematuria (16%); duodenal segment leaks (14%); reflux pancreatitis (11%);
recurrent urinary tract infections (10%); urethritis (3%); and urethral
stricture/disruption (3%). Also, abnormal pre-transplant urodynamic tests may
increase the incidence of urologic complications[19]. Despite the high incidence of
urologic complications, the patient and graft survival rates are not affected[3].
Regarding vesical bleeding, early post-transplant hematuria is frequent and is usually
self-limited. This development is due to bladder surgical manipulation in addition to
duodenal mucosal bleeding. In some recipients, with severe postoperative hematuria,
management includes the institution of a continuous bladder irrigation regimen. If
bleeding persists, cystoscopy is needed.
In contrast to enteric drainage, bladder drainage does not interfere with native
bowel integrity. Consequently, graft leaks related to the latter generally have a
decreased rate of life-threatening infectious complications and a less serious clinical
course[3,7]. Nascent leaks (≤ 4 wk post-transplant) typically occur at the duodenocystostomy; while later leaks (> 4 wk post-transplant) usually originate from the donor
duodenum, in some cases from the lateral duodenal staple line or when caused by
ulcers, from the general area of the duodenal segment[18,20-21]. Initially, postoperative
patients may complain of abdominal discomfort, or an asymptomatic rise in pancreatic
enzymes may occur. Furthermore, urine production may decrease and serum
creatinine levels may increase, although symptoms usually improve after Foley
catheter placement. Low-pressure cystography or abdominal computed tomography
(CT) with retrograde bladder contrast is used in the diagnosis of bladder-drained graft
leaks. Extended bladder decompression is the treatment usually employed. This
involves Foley catheterization together with percutaneous drainage of associated
intraabdominal fluid collections (nascent leaks). High volume or infected
postoperative leakage in bladder-drained recipients exhibiting peritonitis may need
relaparotomy and surgical repair. In the case of significant compromise of the
duodenal stump, a transplant pancreatectomy should be considered. Late-onset
duodenocystostomy/duodenal segment leaks typically call for conversion from
bladder to enteric drainage, regardless of etiology[21].
Sollinger et al[18] previously described a condition known as reflux pancreatitis,
defined by the following criteria: (1) Rapid onset of lower abdominal pain situated
around the pancreatic graft; (2) Increased serum amylase; (3) No leakage; (4) Pancreas
edema, without evidence of abscess/fluid collection on computed tomography scan;
and (5) 24 h resolution of symptoms following Foley catheter placement. Graft
pancreatitis is most likely caused by reflux of urine into the pancreatic duct during the
micturition high-pressure phase, when detrusor pressures exceed those existing in the
pancreatic duct (10-12 cm water)[13,22]. Stephanian et al[23] speculated that this process
may be exacerbated by sphincter of Oddi incompetence or through stagnation of
exocrine secretions in a neuropathic bladder. As suggested by Fernandez-Cruz et al[24]
the Oddi sphincter may be occluded secondary to rejection, and may result in enzyme
release and graft pancreatitis. It has been reported that obstruction arising from
calculous formation in the duodenal segment, could result in reflux pancreatitis[25].
Repeated episodes of reflux pancreatitis are possible, but in these cases an intensive
search for a small leak has to be initiated. Therapy consisting of Foley drainage for
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Figure 1 Whole-organ transplant with systemic vein and bladder exocrine drainage. The pancreas is placed intraabdominally, on the right side of the
pelvis. Anastomosis between the graft duodenal segment and vesical dome of the recipient bladder is performed. Image courtesy of Prof. Fernández-Cruz.

several days is usually successful[18]. Antibiotics are indicated if urinary tract infection
is present[26].
In diabetic patients, urinary tract infections are common, although most of these
respond to appropriate antibiotic management. Contributing factors include
prolonged catheter drainage, alkaline urine secondary to bicarbonate excretion from
the exocrine pancreas, mucosal damage, and the presence of a diabetic neuropathic
bladder with incomplete emptying[18]. Moreover, it has been previously documented
that non-absorbable sutures and staples can be a focus for urinary calculi in bladderdrained pancreas transplantation[27]. Persistent urinary tract infections call for further
study, such as cystoscopic examination with the view to excluding underlying lower
urinary tract pathologies.
Other specific complications of BD such as urethritis, urethral strictures, and
disruptions, are most likely due to activation of pancreatic enzymes in the bladder. It
was speculated that a higher content of trypsinogen in the pancreatic secretions of
certain recipients is responsible for this complication[18]. Despite urethral complications
being largely restricted to male patients, they could also present in females[23]. They are
initially manifested by pain and discomfort during urination. Initial conservative
treatment consists of placement of a Foley catheter for several weeks. If symptoms
recur, urethrogram and/or cystoscopy should be performed. Disruptions of the
urethra with massive extravasation will respond with complete resolution after enteric
drainage. Due to the above complications, conversion from bladder to enteric drainage
may be deemed necessary[28-31]. The reported conversion rate from BD to enteric
drainage ranges from 10% to 40%[28-38].
A recent study by Riad et al[39] looked into the link between enteric conversion and
the resulting pancreas graft and patient outcomes by analyzing 593 recipients with
bladder-drained pancreata, the majority of which received solitary transplants and 70
received simultaneous pancreas-kidney transplants. It was concluded that enteric
conversion was associated with increased risk of rejection, but not graft loss or
mortality. A longer interval from engraftment to conversion appears favorable. In
addition, in a University of Wisconsin study[30], some 162 (41.9%) out of 386 bladderdrained pancreata eventually required enteric conversion, 29 (17.9%) within the first
year, and without affecting the overall graft survival. In this series, there were no
known exocrine content leaks, and the majority of the post-conversion surgical
complications were managed conservatively or via percutaneous measures.
Regrettably, in this setting, serious morbidity can occur[39] and consequently
management of surgical complications can be challenging. In the case of enterovesical
fistula formation described elsewhere[5,40], various options can be considered,
including: Constructing a Roux-en-Y duodeno-enteric anastomosis in addition to
bladder repair; donor duodenum-bladder reconnection, including resection and
reanastomosis of the small bowel segment involved; or to perform a graft
pancreatectomy. However, it is important to keep in mind that some factors (patient
immunosuppressed status, the increased possibility of local contamination, and the
elevated risk of duodenal segment ischemia) increase the surgical management failure
rate, resulting in a graft pancreatectomy. All attempts should therefore be made to
treat these patients conservatively.
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ENTERIC DRAINAGE
Various technical contributions in the search for the perfect technique for endogenous
replacement of beta cell function and proper driving of exocrine secretions have been
proposed. Despite leaks from the allograft duodenum having been reported in 5%-20%
of bladder-drained and 5%-8% of bowel-drained pancreas transplants[41-43], some
studies have shown no consistent differences in outcomes for bladder-drained or
enteric-drained pancreas transplants with either portal or systemic venous drainage. In
the modern era, pancreas transplantation with primary enteric exocrine drainage and
systemic or portal venous anastomosis is performed in most cases[44]. A variety of
techniques have been described using different small bowel sites for the enteric
anastomosis[7,45]. Some groups prefer to use a Roux-en Y loop, while other surgeons
choose direct anastomosis[2] (Figure 2). Most commonly, the duodenum-jejunum
anastomosis is performed using a 2-layer, hand-sewn technique to create a hemostatic
closure[46]. Although bleeding rates may be higher, techniques using either the circular
or linear stapler were also described with the view to simplifying enteric
anastomosis[47,48].
Newer techniques include drainage into native duodenum[49,50] and stomach[51].
Theoretically, the duodenoduodenostomy technique (Figure 3) (side-to-side
anastomosis between the duodenal segment and the lower knee of the recipients’
duodenum with a 2.5- to 3.0-cm longitudinal duodenotomy) could facilitate
intervention such as stenting of the pancreatic duct in cases of exocrine leakage among
other advantages such as facilitating endoscopic access to the site of exocrine drainage
for biopsies of the pancreas graft, when indicated[50].
The well tolerated gastric drainage procedure provides excellent patient and graft
survival[3] as the third portion of the donor duodenum is anastomosed in two layers to
the greater curvature of the stomach. Access to graft duodenum and pancreas via
endoscopy is novel and straightforward[51].
A multitude of variations have arisen in the search for the ideal technique to
address the problems associated with the management of pancreatic exocrine
secretions. With increasing experience, the incidence of postoperative complications[3,52]
(2%-10%) has notably reduced in recent years, with less than 1% of grafts lost due to
this cause.
However, enteric leakage continues to be a significant source of morbidity[53]. Fistulas
arising in the 3 mo following surgery are typically a result of ischemia or technical
issues, while later fistulas usually arise from infections or acute rejection. This event
represents the second cause of relaparotomy following hemorrhage[21].
Enteric leakage usually shares signs and symptoms characteristic of intestinal
perforation, including abdominal pain, fever, nausea and vomiting, tachycardia,
leukocytosis, peritonitis, or sepsis[53]. In unclear cases, radiographic imaging often
provides confirmatory evidence, with CT imaging with oral contrast being the most
useful. Findings may comprise intraperitoneal fluid, extraluminal air, and contrast
extravasation[54].
Resulting treatment depends on the type of exocrine secretion derivation and the
severity of the leak. In the present setting, early enteric leakage almost always requires
relaparotomy with an anastomotic revision, with treatment depending on leakage
extent and graft duodenum condition. When anastomosis is performed between the
graft duodenum and the recipient jejunum, simple oversewing may be sufficient for small
leaks with limited abdominal contamination in a patient hemodynamically stable. In
the patient with a leak located adjacent to a staple line, performing a repair by limited
duodenal resection with a GIA stapler could be indicated. Should part of the
duodenum be compromised, the portion in question may be resected and the
remaining duodenum shortened. If the original anastomosis has been performed in a
side-to-side fashion, a Roux-en-Y limb may be created with the aim of diverting the
intestinal stream away from the graft[53]. A total duodenectomy offers another
management approach for duodenal leaks[55-57]. Having said this, these procedures are
generally reserved for stable patients with limited abdominal contamination. On rare
occasions, pancreatic head resection and subsequent duct-to-intestine anastomosis
may be performed[58]. A graft pancreatectomy is the preferred choice in cases of:
Significant leakage with sepsis or severe peritonitis; the presence of devitalized tissue;
patient instability[59]. In one of the largest single-centre series, Sollinger et al[33],
described a leakage rate of 5.7% in 610 enterically drained transplants, of which up to
50% resulted in pancreas graft loss. No consistent reports demonstrated the benefit of
using octreotide in drained patients to promote fistula closure[60,61].
Interestingly, in 2005, Boggi et al[62] described a modified technique with portalenteric drainage performed via a transperitoneal approach, with the pancreas graft
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Figure 2 Whole-organ transplant with systemic vein and enteric exocrine drainage (cephalad position). A two-layer side-to-side
duodenojejunostomy is constructed about 40-80 cm distal to the ligament of Treitz. Image courtesy of Prof. Fernández-Cruz.

Figure 3 Whole-organ transplant with systemic vein and enteric exocrine drainage (cephalad position). Duodenoduodenostomy technique with
side-to-side anastomosis between the duodenal segment and the lower knee of the recipient´s duodenum. Image courtesy of Prof. García-Valdecasas.

placed into a fully retroperitoneal position. A duodenojejunostomy was performed
side-by-side together with a Roux-en-Y jejunal limb. An advantage of
“retroperitoneal” graft location behind the right colon is that, instead of causing
peritonitis, potentially septic complications remain localized as peripancreatic fluid
collections. In view of this, other surgeons have adopted this technique, employing a
systemic venous drainage in the inferior vena cava[63,64].
Similarly, when duodenoduodenostomy is performed, the pancreas allograft is
inserted vertically with the head upright and placed in a retrocolic position, behind the
recipient´s bowel. In selected cases, this method can facilitate conservative
management of an enteric leak, largely due to a decreased likelihood of intraperitoneal
contamination. In allograft pancreatectomies, concerns persist regarding the safety of
these maneuvers in the setting of local inflammation/sepsis in spite of
recommendations for closure of the opening on the native duodenum[3]. Lindah et al[50],
assessed safety profiles with duodenoduodenostomy vs duodenojejunostomy
procedures. The percentage of anastomotic leakage was 5% and 4%, respectively.
When a pancreatectomy is needed, adequate mobilization of the duodenum is
mandatory with the aim of achieving a tension-free closure. To avoid stenosis the hole
is closed transversely to the longitudinal duodenotomy using a single full-layer
absorbable synthetic monofilament 4-0 suture (e.g., Biosyn, MonoPlus). There has been
no need for duodenal exclusion or gastrectomy. In the series published by Walter
et al[65], anastomotic insufficiency (1.6% vs 7%) and relaparotomy (41% vs 48%)
occurred more frequently in the duodenojejunostomy group, whereas gastrointestinal
bleeding (11% vs 3%) occurred more often in the duodenoduodenostomy group. The
resulting hole in the recipient duodenum was, in all cases, initially treated using a
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transverse, two-layer, interrupted polydioxanone (3-0 or 4-0) suture. Following
pancreatectomy and duodenum oversewing, three patients developed duodenal
suture insufficiencies with consecutive duodenal leak, treated with a Roux-en-Y
duodenojejunostomy, forming a side-to-side anastomosis. The third patient was
treated conservatively with a longer-term intra-abdominal drain.
Currently, duodenoduodenostomy is a feasible and safe method i.e., equivalent to
other classic techniques, extending the viability of anastomotic sites, especially in the
case of re-transplanted recipients.
In an attempt to minimize early bowel leaks, special attention should be paid to the
detection and control of potential risk factors for both donor and recipient i.e. those
arising from donor hemodynamic instability, ischemia-reperfusion and preservation
trauma (preservation solution/warm-cold ischemia), back-table preparation of the
graft or other technical issues[21].
As demonstrated, leaks continue to be a persistent issue, especially as they represent
a significant risk factor for intraabdominal abscesses, a third of which are associated with
an anastomotic leak (duodenoenterostomy or duodenocystostomy)[21]. Infections are
frequent in this group of transplant recipients, playing a central role in patient and
graft survival, with diabetes, surgery, and immunosuppression as predisposing
factors. Consistent with other studies reporting a proportion of patients affected by
bacterial infections ranging from 51% to 95%[66-68], Bodro et al[69] demonstrated urinary
tract infection as the most frequent (61%), followed by abdominal and surgical site
infection.
Intra-abdominal infections represent a potentially serious problem, leading to not only
high rates of graft loss, but substantial mortality[21,70]. Infections usually occur within 30
days of transplant, with bacterial etiology being more common than fungal abscesses.
Intraabdominal infection risk factors comprise: Older donor age; retransplantation;
pre-transplant peritoneal dialysis; extended preservation time; graft pancreatitis; and
immunosuppression with sirolimus[21,71,72].
As treatment largely depends on the infection type (diffuse peritonitis vs localized
abscess) any diagnostic processes must detail both the extent and nature of any
infection. Equally, other vascular and intestinal complications must be ruled out. The
clinical presentation of intra-abdominal infection is similar (and closely related) to
enteric leakage. Abdominal CT with oral and iv contrast (for bladder-drained grafts,
and retrograde bladder contrast also used to rule out leakage from the duodenovesical
anastomosis) is the preferred choice for diagnosis.
Associated complications and the condition of the patient notably affect treatment
decisions. A stable patient with a localized abscess can generally be treated with
percutaneous fluid drainage. Relaparotomy is mandatory should conservative
treatment fail, patients develop widespread infection, or recipients deteriorate or
become clinically unstable[70]. Ideally, cultures are recommended in order to determine
appropriate antimicrobial therapy. It should be noted that intra-abdominal infection
might predispose to pseudoaneurysm, more so when in close proximity to the
vascular anastomosis[53].
Moreover, a cytomegalovirus (CMV) infection risk of approximately 15% exists,
mostly as a result of potent antilymphocyte drugs. CMV infection is often associated
with increases in mortality, rejection rates, and late duodenal leaks[73]. Prophylaxis
schemes (against bacterial, viral, and fungal infections), established from the moment
of intervention by the transplant groups, have managed to reduce its incidence in the
short term.
Although there is a lack of reported cases in the literature concerning abdominal
compartment syndrome (ACS) in pancreas transplantation, aspects of abdominal
compartment mechanics have been depicted in some publications regarding liver
transplant and hepato-biliary-pancreatic (HBP) surgery[74-76]. Systemic inflammatory
response syndrome and the toll of surgical trauma promote ACS, leading to renal and
respiratory failure in addition to other risk factors[77]. The World Society of ACS defines
intra-abdominal hypertension (IAH) as a sustained or repeated pathological elevation
of intra-abdominal pressure (IAP) of 12 mmHg[78]. In these cases, raised IAH levels act
to exacerbate decreases in visceral perfusion in hypotensive patients with visceral
vasoconstriction[79].
IAH is especially worrying in cases of severe acute pancreatitis and for patients with
post-operative abdominal morbidity. IAP monitoring is indicated for gravely ill
patients, with management ideally following general principles and standard
recommendations of other cases. Factors such as adequate analgesia, neuromuscular
blockade and mechanical ventilation may promote abdominal compliance.
Gastrointestinal distension can be mitigated through the use of promotility agents and
nasogastric and colonic decompression. In refractory cases, drainage of intra-
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abdominal fluid collections is the initial invasive procedure to consider[80]. Negative
pressure wound therapy has also been shown to be a safe treatment and can increase
the chance for early fascial closure in septic patients. However, few data are available
regarding the specific setting of transplantation[81].
As happens in other surgical scenarios, the implementation of robotic technology
shows promise in the sense that it could decrease complications rates, thus improving
the postoperative course of pancreas transplantation. Further study in this field is
required to determine to what extent robotic pancreas transplantation could be
beneficial for diabetic patients requiring beta-cell replacement[82-84].

CONCLUSION
Nowadays, the most commonly used technique for proper driving of exocrine
pancreatic secretions is enteric drainage due to the high rate of urological and
metabolic complications associated with bladder drainage. Despite numerous
techniques to minimize exocrine pancreatic drainage complications e.g., leakage and
infection, no universal technique has been standardized. A prospective study or large
registry analysis may resolve this controversy.
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Abstract
To summarize the long-term complications after pancreas transplantation that
affect graft function, a literature search was carried out on the long-term
complications of pancreatic transplantation, namely, complications from
postoperative 3rd mo onwards, in terms of loss of graft function, late infection and
vascular complications as pseudoaneurysms. The most relevant reviews and
studies were selected to obtain the current evidence on these topics. The definition
of graft failure varies among different studies, so it is difficult to evaluate, a
standardized definition is of utmost importance to know the magnitude of the
problem in all worldwide series. Chronic rejection is the main cause of long-term
graft failure, occurring in 10% of patients. From the 3rd mo of transplantation
onwards, the main risk factor for late infections is immunosuppression, and
patients have opportunistic infections like: Cytomegalovirus, hepatitis B and C
viruses, Epstein-Barr virus and varicella-zoster virus; opportunistic bacteria,
reactivation of latent infections as tuberculosis or fungal infections. Complete
preoperative studies and serological tests should be made in all recipients to
avoid these infections, adding perioperative prophylactic treatments when
indicated. Pseudoaneurysm are uncommon, but one of the main causes of late
bleeding, which can be fatal. The treatment should be performed with radiological
endovascular approaches or open surgery in case of failure. Despite all
therapeutic options for the complications mentioned above, transplantectomy is a
necessary option in approximately 50% of relaparotomies, especially in lifethreatening complications. Late complications in pancreatic transplantation
threatens long-term graft function. An exhaustive follow-up as well as a correct
immunosuppression protocol are necessary for prevention.
Key Words: Pancreas transplantation; Pancreas allograft failure; Pancreas transplant
rejection; Pseudoaneurysm; Allograft pancreatectomy
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Core Tip: Late complications after pancreas transplant (> 3 mo after surgery) may
occur, endangering loss of graft function. Chronic rejection is the main cause of longterm graft failure, occurring in 10% of patients, so targeted immunosuppressive therapy
is important to prevent it; however, it predisposes to opportunistic viral, bacterial and
fungal infections, and even the reactivation of latent infections, which should be
prevented with perioperative prophylaxis and treated when necessary. Pseudoaneurysm
should be early diagnosed, and treated by endovascular approach when possible, to
prevent bleeding. Nonetheless, in some late complications, transplantectomy is a
necessary option, especially in life-threatening complications.
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INTRODUCTION
Pancreas transplantation is currently the most effective method to establish durable
normoglycemia for patients with diabetes mellitus[1], and therefore achieves the
benefits demonstrated with intensive insulin therapy, but without hypoglycemic
complications derived from that treatment. Pancreatic graft loss may occur due to
several complications, such as technical failure in the early postoperative period, but
also late complications (which occur from postoperative 3rd mo onwards), among
which the most relevant are chronic rejection, late infections and vascular
complications as pseudoaneurysms. In recent years, pancreatic graft long-term
survival has improved, with a half-life longer than 14 years in simultaneous pancreas
and kidney (SPK) transplantation, which is the most frequent modality of pancreas
transplantation as it is associated with better allograft survival[2]. In this review, we
will describe the late complications of pancreas transplant and recent trends in their
prevention, diagnosis and treatment.

LOSS OF GRAFT FUNCTION
The Organ Procurement and Transplantation Network/United Network for Organ
Sharing (OPTN/UNOS) Pancreas Transplantation Committee approved precise
definitions of pancreas graft failure in early 2018. Some of the definitions are concrete,
such as a recipient’s transplanted pancreas is removed, a recipient re-registers for
pancreas transplant, a recipient registers for an islet transplant after undergoing
pancreas transplant, or a recipient dies. Pancreas graft failure can also be defined if a
recipient’s total insulin use is greater than or equal to 0.5 units/kg/d for a consecutive
90 d. The latter definition may be problematic if the recipient’s starting insulin dose is
less than 0.5 units/kg/d[2].
Recently the consensus report from the International Pancreas & Islet Transplant
Association and European Pancreas & Islet Transplantation Association[3] defined the
outcomes of beta–cell (b-cell) replacement therapy: Optimal b-cell graft function is
defined by near-normal glycemic control (HbA1c ≤ 6.5% [48 mmol/mol]) without
severe hypoglycemia or requirement for insulin or other antihyperglycemic therapy,
and with an increase over pretransplant measurement of C-peptide. Good b-cell graft
function requires HbA1c < 7.0% (53 mmol/mol) without severe hypoglycemia and
with a significant (> 50%) reduction in insulin requirements and restoration of
clinically significant C-peptide production. Marginal b-cell graft function is defined by
failure to achieve HbA1c < 7.0% (53 mmol/mol), the occurrence of any severe
hypoglycemia, or less than 50% reduction in insulin requirements when there is
restoration of clinically significant C-peptide production documented by improvement
in hypoglycemia awareness/severity, or glycemic variability/lability. A failed b-cell
graft is defined by the absence of any evidence for clinically significant C-peptide
production. Optimal and good functional outcomes are considered successful clinical
outcomes.
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Although these newer definitions have not yet been reflected, reported early overall
rate of pancreas graft failure (within the first 90 d) in 2018 was 5.9%, and 5-year
pancreas graft survival rates were 73% for SPK, 65% for pancreas after kidney (PAK),
and 53% for pancreas transplant alone (PTA)[2]. These results are similar in Spain, with
a 5-year graft survival rate of 72%-74% for SPK[4].
Adverse technical and immunological events within the 1st year need to be avoided
under all circumstances; what happens in the 1st year posttransplant has a very strong
impact on long-term graft function[5]. The main cause of pancreas graft loss within the
first 3 mo usually is technical failure: Graft thrombosis (10%-35%) followed by
intraabdominal infections and pancreatitis[6]. An adequate immunosuppression
therapy with tight control is recommended to avoid pancreas allograft rejection, since
it is also one of the main causes of graft failure. Acute rejection usually develops 1 wk
to 3 mo after transplantation but can occur earlier or later, it is difficult to diagnose,
but may be suspected when loss of allograft function (hyperglycemia) is associated
with high level of serum amylase and/or lipase. Early detection is essential to institute
antirejection treatment and avert graft failure. Incidence in OPTN/UNOS data of a
first rejection episode is improving over time, with low rates respect previous data for
all categories of pancreas transplant, in 2016-2017 in the United States it was: 11.7%,
19.2%, and 12.4% following PAK, PTA and SPK respectively[2]. In the same way, global
incidence of rejection in Spain series was 10.9% in SPK during last decade[4]. These low
rejection rates clearly reflect ongoing improvements in immunosuppression protocols.
In fact, the avoidance of acute rejection episodes is probably the single highest impact
on excellent long-term function[5].
There is some controversy regarding immunosuppressive treatment in pancreas
transplantation. Standard protocols include use of induction therapy followed by
maintenance immunosuppression, but the amount, frequency and duration of each
therapy, especially the induction treatment has not been clearly defined, which consist
in T-cell depleting agent (e.g., antithymocyte globulin and alemtuzumab), even though
it has been adopted by most centers (> 80%). Maintenance immunosuppressive
therapy for pancreatic transplantation is similar for that used for kidney
transplantation. A combination of a calcineurin inhibitor (predominantly tacrolimus),
an antimetabolite (mycophenolate mofetil or mycophenolate sodium), is associated to
low-dose corticosteroids therapy in approximately 60% of the centers[2]. However,
taking into account the metabolic side effects as well as the increased risk of infection
associated with the use of steroids[7], some studies have suggested early steroid
withdrawal or steroid free regimens in these patients, particularly after the
introduction of induction therapy with T-cell depleting agents, but there is currently
insufficient evidence for the benefits and harms of this therapy[8]. There is also a trend
to incorporate mammalian target of rapamycin (mTOR) inhibitors over mycophenolate
in combination with tacrolimus into immunosuppressive protocol, because rapamycin
appears to be more effective in preventing acute rejection, but it must be weighed
against its potential negative metabolic consequences and the accentuation of the
nephrotoxicity of the calcineurin inhibitor and wound-healing complications[9-11], so at
the moment it has not been widely adopted. Future research should focus on
developing personalized immune assessment of transplant patients, through noninvasive tests of immunological biomarkers to monitor the recipient’s immune
status[12]. These tests will permit recipient-specific tailored immunosuppressive
protocols, based on their immunity response and individual risk, minimizing the
complications of excessive immunosuppression while maintaining a low incidence of
rejection.
Chronic rejection remains the main cause of long-term graft failure after 1 year,
occurring in 10% of patients[13,14]. It may be the result of recurrent episodes of acute
rejection with posterior fibrosis, atrophy, and eventual loss of graft function.
Therefore, effective immunosuppression protocols and close monitoring of pancreas
and kidney allograft function are the best way to prevent it. The image tests findings
of acute and chronic rejections are relatively nonspecific and unreliable, making it
difficult to diagnose[15]. Diagnostic confirmation must be performed by needle core
pancreas allograft biopsy, preferably percutaneous ultrasound-guided biopsy[16]. The
Banff schema for grading pancreas allograft rejection based on pathological findings,
differentiate the type (T-cell-mediated rejection or antibody-mediated pancreas
allograft rejection) and the grade (mild, moderate, and severe) with a high diagnostic
accuracy, helping to select the appropriate treatment in each case[17,18].
Given the possibility of chronic rejection, type 1 diabetes mellitus recurrence should
also be suspected, which is an infrequent entity, appearing approximately in 3%-7% of
properly immunosuppressed patients[19]. It occurs due to the presence of antibodies
against pancreatic beta cells in the recipient (type 1 diabetes-associated autoantibodies
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to the autoantigens GAD65, IA-2, and ZnT8) causing destruction of the pancreatic
islets (insulitis). Usually the antibody conversion precede hyperglycemia by a variable
length of time, and negative autoimmunity prior to transplantation does not ensure
that autoimmune diabetes will not recur. Unlike rejection, serum amylase and lipase
levels usually do not rise, and there is no effective treatment, as the increase in
immunosuppression does not improve the progression of islet autoimmunity.
Diagnostic confirmation must be performed by percutaneous biopsy, in which a
variable degree of insulitis and loss of insulin staining must be seen, sometimes
associated to minimal to moderate and rarely severe pancreas and/or kidney
transplant rejection[20].
The 5-year mortality for SPK in OPTN/UNOS data[2] and Spanish series[4] ranges
over 7% to 8%. Long-term mortality data reflect the high cardiovascular comorbidity
in this population, with 10-year mortality 26.8%, 20.1%, and 25.3% for PAK, PTA, and
SPK, respectively. Despite effective glycemia control after pancreas transplantation
delays progression of microvascular complications and improves survival in diabetic
patients, cardiovascular comorbidity is the main factor that threatens long-term
survival of pancreas transplant patients[5], so its optimal control is another of the
priority objectives in the follow up of this patients.
There has been controversy regarding transplant center volume and the risk of short
and long-term pancreas graft failure, so it has been analyzed by several studies,
highlighting that patient and graft survival after pancreas transplantation are superior
in higher volume centers (> 13 transplants/year) than in lower volume centers[21,22], or
at least equal even though they transplant organs with the highest pancreas donor risk
index[23]. The explanation for inferior outcomes in low-volume centers is likely to be
complex, but center volume could be a surrogate marker for adequate recipient
selection, surgical expertise, multidisciplinary preoperative, and postoperative
inpatient and outpatient care, and appropriate long-term follow-up. Actually,
approximately two-thirds of pancreas transplants are performed at programs that
perform more than 10 transplants per year, and these numbers have not changed
substantially over the past decade[2], this may have contributed to explain the
improvement of global pancreas allograft and patient survival throughout last years,
demonstrating a better management in these demanding patients over time.

CHRONIC INFECTION
Approximately 63% of pancreas transplant recipients develop a serious infection
during the first 5 years of follow-up[24]. Many of the infections in pancreas
transplantation follow a typical temporal pattern. Three periods have been described
based on the predominance of certain infections: In the first period (1st mo), bacterial
infections derived from the surgical procedure are typical. In the second period (2-6
mo), the main risk factor is immunosuppression, and patients basically have de novo
opportunistic infections or reactivation of latent diseases: Cytomegalovirus (CMV),
herpes simplex virus type 6 (VHV), hepatitis B and C viruses (HBV/HCV), EpsteinBarr virus (EBV) and varicella-zoster virus (VZV); and opportunistic bacteria:
Pneumocystis jiroveci pneumonia, Nocardia, Listeria monocytogenes, Toxoplasma gondii,
and fungal infections, among others. During the third period (after the 6th mo), in
patients with good allograft function, the majority of infections are those acquired in
the community, similar to the general population, although opportunistic infections
may also occur, by reactivation of certain latent viruses (BK virus, CMV…) [7]. In
addition, tumors related to viral infections such as vulgar warts and post-transplant
lymphoproliferative diseases, especially due to EBV, may develop in this period[25].

Prevention of infections
Prophylaxis before transplant: Prevention of infection begins with the adequate
selection of the donor and a rigorous evaluation of the recipient with an exhaustive
physical examination and study of viral serological markers: CMV, EBV, VZV, HBV,
HCV, HIV toxoplasmosis, Treponema pallidum serology, and some others that can vary
according to the epidemiology of each geographic area. This permits us to diagnose
and treat active infections in the candidates, make decisions about their acceptance or
exclusion, and identify the risk factors. Moreover, vaccinations must be completed
before the transplantation according to the protocol of each center and geographical
area[24].
Perioperative prophylaxis: At the time of the transplant surgery, prophylactic
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administration of antibiotics like cephalosporins, or ampicillin-sulbactam as an
alternative, every 2 h during surgery, and maintenance until 48 h after surgery is
recommended. Antifungals (fluconazole) are also associated in a single dose during
surgery, and in postoperative prophylaxis regimen up to 14 d in cases of increased risk
of infection[26]. The choice of therapeutic agent, both for prophylaxis and for empirical
treatment, will also depend on the incidence and type of microorganisms isolated in
each center.
The use of cotrimoxazole at low doses until the 6th mo post-transplant has decreased
the incidence of Pneumocystis pneumonia [27]. Likewise, it constitutes an excellent
prophylaxis to avoid infection by intracellular bacteria, such as Listeria monocytogenes
and Nocardia spp.
CMV prophylaxis and monitoring after transplantation: CMV infections are one of
the most frequent complications affecting solid organ transplant recipients, conveying
higher risk of graft loss, morbidity and mortality. Given that the CMV serostatus of
donor and recipient (D/R) are key predictors of the risk of CMV after transplant, and
guide decisions on antiviral prophylaxis or preemptive treatment. A measurement of
CMV-specific IgG should be performed, and if the donor or recipient is seronegative
during the pretransplant evaluation, serology should be repeated at the time of the
transplantation. According to the guidelines of the latest international consensus of
2018 on the management of CMV in solid organ transplants[28], in pancreas
transplantation, prophylactic treatment with valganciclovir is recommended based on
the risk of CMV infection (Table 1). Other valid option is the preemptive therapy,
which consists in the monitoring of CMV viral load in blood at regular intervals
(weekly) to detect early viral replication. Once a predetermined assay threshold is
achieved (optimally prior to the development of symptoms), antiviral treatment is
begun, which should prevent progression to clinical disease. Moreover, there are
specific situations that increase the risk of CMV infection, such as in cases where
antilymphocyte antibodies for induction are administered, plasmapheresis or HIV
infection patients. In these cases, it is also mandatory to administer a prophylactic
treatment with valganciclovir, and duration will depend on the degree of
immunosuppression of the patient. However, there are resistances associated with
currently available therapeutics, as there are series with pancreas-kidney transplant
high risk patients (D+/R-) who developed CMV infection/disease despite correct
CMV prophylaxis in up to 44%[29]. Novel antivirals therapies are emerging including
letermovir, maribavir, and brincidofovir at various states of research development.
Future research are needed to evaluate combination therapies for prophylaxis and
treatment as well as adjunctive therapies[30].
Furthermore, there is moderate to high-quality evidence of a lower risk of CMV
infection in transplant recipients with mTOR inhibitor-based immunosuppressive
therapy compared with calcineurin inhibitor-based regimens, therefore a combination
of a mTOR inhibitor and a reduced dose of calcineurin inhibitor could be a good
alternative in high risk CMV infection patients[31,32].
Prevention of tuberculosis infection: In the pre-transplant evaluation, the possibility
of latent tuberculosis infection should be assessed by performing the tuberculin skin
test (TST), and/or tests based on the secretion of interferon gamma by memory T cells
in response to mycobacterial antigens (interferon gamma release assays) as
QuantiFERON TM-TB Gold test. If the result is positive in any of these tests, a
prophylactic treatment with isoniazid should be administered, and active tuberculosis
infection should also be ruled out. If tuberculosis infection is confirmed, the transplant
would be contraindicated until the infection is cured.
According to the guidelines of the European Society for Clinical Microbiology and
Infectious Diseases[33], if the TST or QuantiFERON are positive, or the chest X-ray
shows lesions of previous tuberculosis, and there is no evidence that the patient have
received a correct treatment, chemoprophylaxis with isoniazid for 9 mo should be
administered.

PSEUDOANEURYSM
Pseudoaneurysms (PA) occur due to a laceration or disruption of the arterial wall
caused by chemical damage due to the exposure to enzymes in the event of pancreatic
fistulas or infections with peripancreatic collections, chronic rejections, surgical trauma
or biopsies, causing a bleeding into an external fibrous compartment that will contain
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Table 1 Recommended approaches for cytomegalovirus prevention for adult pancreas transplant
Serostatus Risk level

Recommended

Alternate

D-/R-

Low

Monitoring for clinical symptoms; consider antiviral prophylaxis against
other herpes infections

Preemptive therapy (if higher risk, i.e. significant
transfusions)

D+/R-

High

3-6 mo of VGCV

Preemptive therapy

R+

Intermediate 3 mo of VGCV or preemptive therapy

When a range is given, the duration of prophylaxis may depend on degree of immunosuppression, including the use of antilymphocyte antibodies for
induction[28]. VGC: Valganclycovir.

the hematoma. Vascular anastomoses are the most frequent areas affected by PA, but
those caused by biopsies usually occur in the pancreatic parenchyma, and can lead to
arteriovenous fistulas.
Although PA are infrequent entities, they are one of the main causes of late
bleeding, sometimes years after transplantation, which can be lethal. PA tend to debut
first with mild digestive hemorrhages, called sentinel bleeding, which can progress to
an arteriovenous or arterioenteric fistula[34], preceding of fatal hemorrhage. PA are
difficult to detect before the development of massive hemorrhage due to the absence
or mildness of the previous symptoms. For this reason, graft control with doppler
ultrasonography in the follow up should be performed[35]. Once PA is suspected or
demonstrated at ultrasonography, the full anatomy of the PA is best displayed with
volumetric high-spatial-resolution CT scanning (angio-CT) or magnetic resonance
angiography[14]. Such imaging display is required before planning the treatment
(Figure 1).
Current treatment of PA firstly should be performed with radiological endovascular
approaches, when possible. Although there is still a lack of reliable data due to the
relatively little experience of this approach in pancreas transplant complications,
endovascular procedures are becoming more frequently used as they are safe and
feasible, but technically demanding. One of the main risks of this approach is the renal
function damage caused by contrast agent, but the risk of kidney graft function
deterioration, as well as of bleeding due to the high dose of heparin used, seems to be
lower than with open surgery[36].
When a PA is diagnosed, elective treatment should be performed to prevent the
potential life- and graft-threatening bleeding. The choice between minimally invasive
and open surgical repair should be individualized depending on the site of the lesion,
the patient status and the multidisciplinary team experience[37,38]. Nevertheless, at the
time of acute bleeding, immediate treatment is essential: Endovascular approach with
a covered stenting of the involved artery to exclude the PA may provide immediate
vascular control in these situations. But if an arteriovenous fistula exists, embolization
with microparticles is the treatment of choice[39]. These procedures can be either a
definitive treatment[40] or a bridge therapy to posterior open repair[41,42], since
rebleeding or necrosis and posterior loss of graft function are not uncommon. For this
reason, on many occasions (especially in infections) allograft transplantectomy
including the graft vascular anastomosis is performed, requiring sometimes an extra
anatomic bypass to maintain blood flow of the lower limb[43].

ALLOGRAFT PANCREATECTOMY: INDICATIONS AND SURGICAL
TECHNIQUE
Indications
Surgical complications after pancreas transplantation and later relaparotomies are
frequent (25%-30%) and the main cause are thrombosis, bleeding, infection,
pancreatitis and bowel obstruction. Unfortunately, it implies allograft pancreatectomy
in 50% of cases, and occasionally patient death[44]. The management of such
complications has evolved from a low threshold to remove the graft, to considering
options for graft preservation through the new antimicrobial and immunosuppressive
therapies, as well as the imaging techniques that permit an early diagnosis and imageguided invasive procedures. However, the need to perform a transplantectomy is a
necessary situation in some occasions, especially in life-threatening complications.
Currently there are no guidelines or consensus that clearly indicate to the surgeon
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Figure 1 Pseudoaneurysm in the right iliac artery anastomosis of the pancreas graft in a simultaneous pancreas and kidney patient
(arrows). A: Angio-computed tomography; B: Three-dimensional reconstruction of iliac artery and pseudoaneurysm; C: Angiography, arterial contrast filling the
cavity of the pseudoaneurysm.

when and how it should be performed, but as a general rule, safety of the recipient
should be considered as the main factor to take into account.
Thrombosis-related graft necrosis, severe pancreatitis, and uncontrolled duodenal
leak constitute the main indications for allograft pancreatectomy during the first 4 wk
after transplantation[44]. And late allograft pancreatectomy is usually reserved for
recipients with failed grafts, predominantly from chronic rejection who have
abdominal and flank pain, gastrointestinal symptoms and/or fever[45]. The rate of
allograft pancreatectomy for late graft failure ranges from 25% to 50%, and in these
cases the symptoms associated with the failed pancreas graft, risk of formation of
arterioenteric fistula, and candidacy for potential retransplantation need to be
cautiously evaluated in order to appropriately select the timing and the surgical
approach for allograft pancreatectomy[46]. Recent studies show a marked fall in
morbidity and mortality of allograft pancreatectomy, and emphasize the benefits of
early retransplantation in appropriate candidates[47]. However, late pancreas
retransplantation is also possible, although it has been associated with poorer allograft
survival[48], in recent series technical failure and patient death for primary vs pancreas
retransplants are similar in highly selected patients, if they are carried out in
experienced centers[49-51].

Surgical technique
In cases of early transplantectomy, adhesions are not usually a problem. In order to
gain rapid exposure of the vascular anastomoses, it is helpful to divide the enteric
anastomosis first using a gastrointestinal anastomosis stapler by resecting the jejunum
segment together with the duodenum (in enteric drainage transplants). The portal vein
and iliac artery of the graft are clamped, divided, and oversewn. And then, the
intestinal transit is reestablished with a jejunal anastomosis.
In cases of late transplantectomy, it can be performed in isolation or associated with
a pancreas retransplantation. The operative field can be complex due to the adhesions,
and in many occasions the graft will be shrunken, fibrosed, and poorly perfused, and
there may be extensive adhesions to the retroperitoneum, making it difficult to
identify. When graft pancreatectomy is performed as an isolated operation, the
complete exposure of the recipient vasculature is often unnecessary. But when a failed
allograft is removed at the time of retransplantation, the initial pancreas graft must be
carefully explored and dissected away from the recipient iliac vessels and the inferior
vena cava, in order to identify appropriate sites for implantation of the new pancreas
graft. The allograft portal vein and iliac artery, once identified, are divided and
oversewn taking care to avoid compromising the recipient arterial lumen. In cases
where is not possible to preserve the recipient iliac vessels blood flow due to their
involvement, as in PA or arterioenteric fistulas, an endovascular placement of a
covered stent can be placed at the level of the anastomotic site. Alternatively, if it is not
effective, an angioplasty with bovine pericardial patch can be done in cases of small
defects of the vessel wall. Otherwise, a reconstruction with a synthetic prosthesis or
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cadaver graft if available in cases of major vessel damage is a valid option[52].

CONCLUSION
Pancreas transplantation is a complex and technically demanding procedure. Early
complications may occur, mostly due to technical failure as thrombosis,
intraabdominal infections and pancreatitis. But late complications also entail a high
percentage of graft losses, particularly secondary to chronic rejection or even late
infections. PA are uncommon, but one of the main causes of late bleeding, which can
be fatal. A high index of suspicion is needed to detect it, and once PA is diagnosed, the
treatment should be performed, preferably with radiological endovascular approaches
or open surgery in case of failure. Despite all therapeutic options for the complications
mentioned above, transplantectomy is necessary in approximately 50% of
relaparotomies, especially in life-threatening complications. Although pancreas
retransplantation can be performed later in selected patients. Close monitoring of graft
function and clinical and radiological surveillance, as well as new advances in the
immunosuppression protocols, individualized according to the patient´s situation are
crucial to prevent rejection, improving pancreas graft survival, as well as the optimal
control of cardiovascular comorbidity to achieve better patient long-term survival.
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Abstract
Simultaneous pancreas-kidney transplantation is the treatment of choice for
insulin-dependent diabetes that associates end-stage diabetic nephropathy, since
it achieves not only a clear improvement in the quality of life, but also provides a
long-term survival advantage over isolated kidney transplant. However, pancreas
transplantation still has the highest rate of surgical complications among organ
transplants. More than 70% of early graft losses are attributed to technical failures,
that is, to a non-immunological cause. The so-called technical failures include
graft thrombosis, bleeding, infection, pancreatitis, anastomotic leak and pancreatic
fistula. Pancreatic graft thrombosis leads these technical complications as the most
frequent cause of early graft loss. Currently most recipients receive postoperative
anticoagulation with the aim of reducing the rate of thrombosis. Hemoperitoneum
in the early postoperative period is a frequent cause of relaparotomy, but it is not
usually associated with graft loss. The incidence of hemoperitoneum is clearly
related to the use of anticoagulation in the postoperative period. Post-transplant
pancreatitis is another cause of early postoperative complications, less frequent
than the previous. In this review, we analyze the most common surgical
complications that determine pancreatic graft losses.
Key Words: Pancreas transplantation; Vascular graft thrombosis; Postoperative
hemorrhage; Graft pancreatitis; Reperfusion injury; Tissue donors; Risk factors
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pancreas transplantation still has the highest rate of surgical complications
among all solid organ transplants. Pancreatic graft thrombosis leads these technical
complications as the leading cause of early pancreatic graft loss. Hemoperitoneum in
the early postoperative period frequently requires a relaparotomy, but usually it is not
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associated with graft loss. Severe pancreatitis is a major complication because it is
associated with infection and can lead to graft loss.
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INTRODUCTION
Pancreas transplantation still has the highest rate of surgical complications among all
solid organ transplants. More than 70% of early pancreatic graft losses are attributed to
technical failures, that means, attributed to a non-immunological cause.
The so-called technical failures include graft thrombosis, bleeding, infection,
pancreatitis, anastomotic leak and pancreatic fistula.
Pancreatic graft thrombosis leads these technical complications as the most frequent
cause of early pancreatic graft loss[1].

PANCREATIC ALLOGRAFT THROMBOSIS
Vascular thrombosis, including venous and arterial thrombosis, is one of the most
severe complications following pancreas transplantation, since it continues to
contribute significantly to early graft failure and loss. Thrombosis can be partial or
total. Venous thrombosis has a higher incidence than arterial thrombosis (3:1)[2]. The
incidence of complete allograft thrombosis provided in the literature ranges from 3%
to 10%[1,2], while partial thrombosis incidence can be as high as 25%-30%[1,3,4].
Early thrombosis occurs within the first 6 wk after the transplant, although it is
more common in the first week and generally within the first 48 h after the surgery[5].
Early complete venous graft thrombosis manifests as hyperglycaemia, abdominal
pain over the area where the graft is located, plus melena when the drainage is enteric
or haematuria and decrease in urinary-amylase production when the drainage is to the
bladder. Arterial thrombosis does not express bleeding data. The suspected diagnosis
is confirmed with doppler ultrasound[6] and the extension of the thrombosis is assessed
by computed tomography (CT) angiography, providing the necessary information to
plan the best individualized treatment for each patient. Reintervention and
pancreatectomy may be the best option on many occasions and explains the
importance of this complication among early graft losses. The reasons why there is a
greater tendency to thrombosis in pancreas transplantation, compared to other solid
organ transplants, are diverse and probably multifactorial. Predisposing factors are
still not well understood but include the hypercoagulable state of patients with
diabetic renal failure, preservation-related graft endothelial injury and low velocity
venous flow. Regarding to the pathophysiology, diabetes itself triggers a state of
hypercoagulability. The decrease of the blood supply to the great vessels that allow the
irrigation and venous drainage of the transplanted pancreatic graft is also proposed as
a remarkable prothrombotic factor. In fact, the flow in the portal vein usually is 25% of
cardiac output, around 1 L/min. The flow in the transplanted pancreas is
approximately 150 mL/min, and it can be even lower if some degree of post-transplant
pancreatitis occurs[7]. This striking decrease in the flow of the splenic vein, mesenteric
superior vein and portal vein results in a clear prothrombotic situation.
Endothelial damage related to ischemia-reperfusion phenomenon and posttransplantation pancreatitis also play an important role, as demonstrated by the linear
association between cold ischemia time and thrombosis rate[7].
Donor risk factors associated with graft thrombosis are, as expected, similar to those
described in the University of Minnesota study[2] about early graft loss: (1) Donor
obesity, expressed as a body mass index (BMI) higher than 30 kg/m2; (2) Donor age >
50 years old; (3) Cerebrovascular cause of death, highly correlated with age; (4) Donor
Creatinine > 2.5 mg/dL; (5) Donors after circulatory death (Maastricht 2 and 3).
Preliminary reports of donors with cardiac death show a substantially higher
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thrombosis rate compared to donors after brain death; and (6) Total ischemia time > 20
h. There are studies that lower this ischemia time limit to > 12 h when preservation
fluids other than Wisconsin are used, such as Custodiol.
Therefore, it is not surprising that the scoring systems available that attempt to
assess the suitability of a pancreas donor, such as the preprocurement pancreas score
and the donor risk index pancreas (PDRI), demonstrate greater incidence of
thrombosis and graft loss in older donors with a higher BMI. The PDRI developed by
Axelrod et al[8] measures the risk of organs based on 10 donor factors, such as age, BMI
and cause of death, and only 1 recipient factor, the cold ischemia time. Higher PDRI
correlates with higher rates of technical failure and significantly lower 1-year graft
survival rates, particularly in the pancreas after kidney transplant and in isolated
pancreas transplantation. The PDRI was developed after the statistical analysis of the
pancreatic transplant data from the united network for organ sharing registry in the
United States and has been validated in the United Kingdom for Simultaneous
pancreas-kidney transplantation.
The recipient-related thrombosis risk factors are less clear. Advanced arteriosclerotic
disease in the recipient is usually an exclusion criterion for pancreas transplantation
due to an increased risk of arterial thrombosis. However, recipient’s obesity increases
the overall risk of surgical complications, such as enteric leakage, hernia or infections,
but it does not increase the thrombosis rate[1]. Hereditary thrombophilic disorders can
be added to recipient’s risk factors, including deficiencies of natural anticoagulants
such as antithrombin, protein C and protein S, and genetic mutations such as factor V
Leiden and prothrombin mutations that also contribute to an increase in risk of
thrombosis. These inherited thrombophilic disorders specifically increase the risk of
venous thrombosis and have a cumulative effect with other risk factors[9,10]. To sum up,
the greater tendency to thrombosis in pancreas transplantation is not due to a single
cause but rather it is a multifactorial process that includes characteristics of the donor,
extraction technique, type of preservation fluid, characteristics of the recipients,
surgical technique during the implant and anticoagulant therapy used (Table 1).

Clinical management
Therapeutic interventions aimed to reduce thrombotic graft loss can be classified: (1)
Prophylactic measures; (2) Early detection, graft surveillance; and (3) Intervention
procedures aimed at saving the thrombosed graft.
Prophylaxis: Majority of transplant centers have adopted some type of routine
prophylactic anticoagulation with various combinations of aspirin, unfractionated
heparin, low molecular weight heparin and warfarin, with variable results but
generally beneficial reducing the incidence of thrombosis[4].
There is currently no standard protocol consistently proven to prevent thrombosis
following transplantation.
This prophylactic anticoagulation justifies that hemoperitoneum is the leading cause
of surgical reintervention in the early postoperative period after pancreas
transplantation.
Surveillance: Blood glucose monitoring in the early post-transplant period is
especially useful to warn us about a possible vascular complication. Doppler
ultrasound, CT angiography and magnetic resonance imaging (MRI) angiography
have been used effectively in the early diagnosis of vascular graft complications. It is
usual to perform imaging controls during the first days after pancreas transplantation
with Doppler ultrasound[5]. If thrombosis is suspected, CT angiography or MRI
angiography is performed to confirm the diagnosis and propose therapeutic options.
There are teams that perform CT angiography routinely in the early post-transplant
period. These groups report higher thrombosis rates, including partial and
asymptomatic thrombosis, which might not be detected with Doppler ultrasound[4-6].
Intervention: Partial venous thrombosis (usually of the splenic vein) has been
managed successfully only with complete therapeutic anticoagulation[11,12]. However,
complete portal thrombosis usually results in graft loss, although successful surgical
and radiological rescues have been reported[13-16]. Radiological surveillance is critical in
the early diagnosis of partial thrombosis, which can often be saved by therapeutic
anticoagulation.
Due to the change in the donors profile, more transplants are currently performed
with risk factors known as age, obesity, stroke as the cause of death and the donor in
asystole. In this type of expanded donors, it is important not to add any more risk
factors during the extraction, minimize the ischemia time and discard high thrombotic
risk recipients detected during the pre-transplant evaluation, mainly thrombophilia,
WJT
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Table 1 Summarizes these risk factors
Thrombosis risk factor in pancreas transplantation
Donor
Donor > 50 years old
Cerebrovascular cause of death
Prolonged cardiac arrest in the donor
Donors after circulatory death (Maastrich 2 and 3)
Prolonged hypotension periods
Obesity
Important arteriosclerosis in the celiac trunk
Extraction and preservation of pancreas:
Vascular abnormalities
Vascular injury during extraction (dorsal pancreatic artery)
Preservation solution (type, volume and perfusion pressure)
Ischemia time (warm and cold)
Recipient:
Severe arteriosclerosis in the iliac vessels
Age > 55 years old
Isolated transplant or pancreas transplant after kidney
Anticoagulant therapy established
Thrombophilia

advanced arteriosclerosis and pancreas alone transplant.

HEMORRHAGE
Unlike other abdominal transplants, such as liver or kidney transplants, in which
reoperations are rare, pancreas transplantation is subjected to a high rate of
reoperations, which can be as high as 30%. Hemoperitoneum is the most frequent
cause of reoperation in the immediate postoperative period[3]. Fortunately, this event
does not significantly affect graft survival. Bleeding represents less than 0.3% of early
pancreatic graft losses. The incidence of hemoperitoneum is clearly related to the use
of anticoagulation in the postoperative period. We need to distinguish between intraabdominal, digestive and bladder haemorrhage.

Intra-abdominal haemorrhage
Most of the important hemoperitoneum that occurs in the early postoperative period
has a surgical cause, in relation to peripancreatic vessels or vascular anastomosis,
enhanced by the antithrombotic prophylaxis[17]. The meticulous preparation of the
duodenopancreatic graft during bench surgery can help to prevent most of these
bleedings.
Once intra-abdominal bleeding has been diagnosed, we must correct any
coagulation abnormality and suspend prophylactic heparin. If bleeding persists,
surgical exploration would be indicated. In a recipient with hemodynamic instability
we should not delay relaparotomy.
Possible causes of late intra-abdominal haemorrhage are ruptures of a fungal
pseudoaneurysm, rupture of an arterial aneurysm or an arteriovenous fistula. The
treatment of choice is endovascular, either by embolization or by stent[18].

Digestive haemorrhage
Early digestive bleeding usually comes from the digestive anastomosis or the staple
line of the duodenal ends. They are usually self-limited bleeding that responds to
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conservative measures (correction of coagulation abnormalities, heparin withdrawal
and transfusion). If conservative measures do not solve the bleeding, the surgical
revision is indicated.

Bladder haemorrhage
Early post-transplant haematuria is common in patients with bladder drainage and it
is usually self-limited. In some cases, it is necessary to establish a continuous irrigation
of the bladder.

PANCREATITIS
Early pancreatitis after a pancreas transplant occurs in 10%-20% of patients[19]. It is
specially associated to ischemia-reperfusion damage to the transplanted organ. Other
less frequent causes involved are acute rejection and technical problems, especially if
they affect ductal integrity[7].
High serum amylase levels and graft edema are characteristic. Most ischemiareperfusion pancreatitis are mild and progress favourably in the first days of the
postoperative period. From an analytical point of view, the serum amylase peak due to
ischemia-reperfusion damage occurs within the first 24-48 h after transplantation and
rapidly evolves towards normalization[20].
Regarding to imaging tests (CT and MRI), most recipients present in the immediate
post-transplant period signs of mild pancreatitis that include graft enlargement, a thin
ring of peripancreatic fluid and minimal peripancreatic fat infiltration.
Pancreatitis due to acute rejection usually results in a later elevation of serum
amylase, from the fifth day after the transplantation. They are usually accompanied by
data on acute rejection in the renal graft. The intensification of immunosuppression
controls these immunological pancreatitis in most cases.
Complications of severe graft pancreatitis include pancreatic abscesses, sterile or
infected pancreatic necrosis, pancreatic fistulas and pseudocysts. Severe pancreatitis is
an important complication not only because it is commonly associated with infection,
but also because it is a major risk factor for graft thrombosis[7].
Currently, graft losses associated with severe pancreatitis and its complications do
not exceed 0.6% of pancreas transplants.
However, determining the true incidence of severe graft pancreatitis is difficult
because of the lack of a commonly accepted definition. There is not a classification for
graft thrombosis, like Atlanta classification for native pancreatitis.
Another key point is that severe pancreatitis is frequently associated with infection
and it is difficult to determine which one of this two complications appeared first. The
united network for organ sharing Pancreas Transplant Registry does not even name
pancreatitis as a separate cause of technical failure itself, but along with infection.
Risk factors for pancreatitis include donor risk factors (hemodynamic instability,
vasopressor administration, obesity, age), injuries during multiorgan extraction,
reperfusion damages (excessive volume infusion or excessive perfusion pressure),
preservation injuries associated with an extended preservation time.
Although relatively rare, technical surgical problems can cause narrowing of the
pancreatic duct. Another cause that produces obstruction of the pancreatic duct is
urinary reflux when we use a bladder drainage. Rarer causes of pancreatitis include
complications of a biopsy or bacterial and viral infections (for example
cytomegalovirus).
Graft pancreatitis is suspected when elevated serum amylase and lipase are
detected, and the recipient complains of abdominal pain where the graft is located. In
severe pancreatitis, patients usually present other clinical symptoms like nausea,
vomiting and ileus.
In some cases of graft pancreatitis, recipients may be hemodynamically instable and
may even develop an adult respiratory distress syndrome. In grafts with bladder
drainage, urinary amylase decreases markedly during episodes of pancreatitis.
However, the endocrine graft function is often preserved, even in cases of severe
pancreatitis, and only requires exogenous insulin when parenteral nutrition is
administered.
The severity of pancreatitis is defined by laboratory data, including leukocytosis,
hypocalcemia and elevated C-reactive protein. The degree of pancreatic inflammation
or necrosis is assessed with abdominal CT. Abdominal MRI is less useful than CT in
this contex.
The treatment of pancreatitis is dictated by the treatment of the underlying cause.
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Severe ischemia-reperfusion pancreatitis is usually treated with intestinal rest and
nasogastric tube placement. Occasionally, parenteral nutrition is necessary. The use of
octreotide to treat post-transplant pancreatitis has been suggested, but there is no clear
evidence of its benefit. In cases of severe graft pancreatitis that endanger the patient’s
life, due to the association of serious complications such as adult respiratory distress
syndrome or septic shock, graft pancreatectomy is indicated. When pancreatic duct
obstruction is the cause of the pancreatitis, a reoperation is required, and it will
frequently be necessary to perform a pancreatectomy.
Reflux pancreatitis in recipients with bladder drainage is easily diagnosed and
treated with the placement of a foley catheter. Repeated episodes of reflux pancreatitis
in recipients with bladder drainage, is an indication of conversion to enteric drainage.
Any peripancreatic infection associated with pancreatitis (e.g., peripancreatic abscess)
has an indication of interventional radiology drainage, as well as an adequate
antibiotic treatment.
Given the complications associated with severe acute graft pancreatitis, it is
important to reduce its incidence by avoiding the known risk factors of the donor,
mainly hemodynamic instability and obesity, as well as reducing the graft ischemia
time as much as possible.

CONCLUSION
In this review we analyze three of the most important and frequent complications that
occur in the early postoperative period after pancreas transplantation.
Thrombosis justifies most of early graft losses. Performing a detailed surgical
technique, minimizing risk factors in the donor and recipient, as well as using the
appropriate antithrombotic protocol can lead to minimize the rate of thrombosis.
Postoperative haemorrhage justifies most of the reoperations but does not usually
trigger graft loss. A balance needs to be struck between anticoagulation to prevent
graft thrombosis and a reasonable reoperation rate. Meticulous haemostasis at the end
of the procedure is essential to decrease the bleeding rate.
Finally, posttransplant pancreatitis, usually mild, related to ischemia-reperfusion,
usually has a favorable course. A small percentage associates reoperations and graft
loss. Minimizing the ischemic time and avoiding associating risk factors reduces its
incidence.
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