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Abstract

Simultaneous pancreas-kidney (SPK) transplantation remains the most effective treatment for providing consistent and long-term
euglycemia in patients having type | diabetes with renal failure. Thrombosis of the pancreatic vasculature continues to contribute
significantly to early graft failure and loss. We compared the rate of thrombosis to graft loss and systematically reviewed risk
factors impacting early thrombosis of the pancreas allograft following SPK transplantation. We searched the MEDLINE, EMBASE,
The Cochrane Library, and PREMEDLINE databases for studies reporting thrombosis following pancreas transplantation. Iden-
tified publications were screened for inclusion and synthesized into a data extraction sheet. Sixty-three studies satisfied eligibility
criteria: 39 cohort studies, 22 conference abstracts, and 2 meta-analyses. Newcastle-Ottawa Scale appraisal of included studies
demonstrated cohort studies of low bias risk; 1127 thrombi were identified in |15 936 deceased donor, whole pancreas trans-
plants, conferring a 7.07% overall thrombosis rate. Thrombosis resulted in pancreatic allograft loss in 83.3% of reported cases.
This review has established significant associations between donor and recipient characteristics, procurement and preservation
methodology, transplantation technique, postoperative management, and increased risk of early thrombosis in the pancreas
allograft. Further studies examining the type of organ preservation fluid, prophylactic heparin protocol, and exocrine drainage
method and early thrombosis should also be performed.
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not well understood.”> Additionally, there is currently no standard
protocol consistently proven to prevent thrombosis of the arterial
or venous anastomosis sites or within the extension grafts fol-
lowing transplantation. This study aimed to identify risk factors

Introduction

The prevalence of type 1 diabetes has been increasing by 2% to
5% each year, with complications resulting from this endemic
disease continuing to be a significant cause of morbidity and
mortality." Poorly controlled, type 1 diabetes can cause progres-
sive damage to the kidneys, and in severe cases can result in end-
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stage renal failure along with retinopathy, neuropathy, vascular
disease, and other long-term health issues. Simultaneous
pancreas-kidney (SPK) transplantation is the gold standard of
treatment for adults with type 1 diabetes associated with renal
failure.” However, thrombosis of the pancreas after transplanta-
tion is a leading cause of relaparotomy and resultant graft loss in
the early posttransplant period.”* The pathogenesis of thrombo-
sis in the pancreatic vasculature following transplantation is still
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Figure |. Systematic search algorithm using Ovid. MeSH subject headings are highlighted in bold, and keyword searches in italics. Search terms

revolved around pancreas transplant, thrombosis, and risk factors.

for early (<2 weeks) pancreatic allograft thrombosis following
SPK transplantation based on existing evidence-based literature.

Our review of the literature highlighted decreasing techni-
cal graft failure and thrombosis rates over the past decade
with increasing intervention and rescue of grafts being more
common in modern era pancreas transplants.*®’ Technical
complications, including thrombosis, occur more frequently
following pancreas transplantation than after other solid organ
transplants.8 Over the past 30 years, numerous retrospective
cohort studies have been conducted to try and clarify predic-
tive factors for early pancreas allograft thrombosis. Factors
surrounding donor and recipient characteristics as well as
procurement, preservation, and transplantation technique
have been exhaustively evaluated. Our objective was to sys-
tematically collate all relevant studies, compare the findings,
and qualitatively report all defined risk factors for thrombosis
of the pancreas allograft.

Materials and Methods
Literature Search Strategy

Methods of data extraction and inclusion criteria were specified
in advance in a review protocol. The search strategy was for-
mulated in accordance with the Cochrane Handbook for Sys-
tematic Reviews of Interventions guidelines’ and reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.'°

Studies were identified by searching electronic databases,
and the reference lists of relevant full-text articles subsequently
examined to include all available studies. EMBASE (1947 to
present), MEDLINE (1946 to present), and Cochrane Library
databases, including Premedline in-process and electronic pub-
lications ahead of print citations, were searched. Figure 1 out-
lines the search strategy utilized.

Eligibility Criteria

This review included meta-analyses, randomized controlled
trials, and cohort studies examining thrombosis in the deceased
donor, whole pancreas transplantation in humans. Participants
of any age undergoing whole SPK, pancreas alone, and pan-
creas after kidney transplantation were considered eligible for
inclusion. All studies reported early (within 2 weeks) partial or
complete thrombosis in the pancreas allograft following trans-
plantation. We did not restrict the inclusion of studies by pub-
lication date or publication status; however, we only
considered studies reported in English. Only clinical data in
humans were included.

Study Selection and Data Collection

Two researchers (JB) and (SS) independently screened articles
for eligibility based on title and abstract. Any discrepancies
were discussed between researchers. Researchers assessed
resultant full-text articles for inclusion according to the prede-
termined eligibility criteria. We extracted variables of interest,
including (1) characteristics of study (title, journal, author and
year, country, time period), (2) number of transplants (SPK,
pancreas after kidney transplant [PAK], pancreas transplant
alone [PTA]) and thrombosis (total, venous, and arterial), (3)
donor and recipient (donor age, recipient age, donor body mass
index [BMI], recipient BMI, recipient gender, cause of donor
death, dialysis status), (4) procurement and preservation (pre-
servation fluid, cold ischemia time, total preservation time,
administration of steroids to donor), and (5) transplantation and
postoperative treatment (exocrine drainage method, arterial
reconstruction method, venous management/grafts, pancreati-
tis, hypotension/vasopressor use, immunosuppression method,
prophylactic heparin use). Information from each study was
synthesized into the extraction sheet accordingly, and relevant
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significant risk factors identified can be found in Supplemen-
tary Tables 1 to 3.

Bias Appraisal

The Newcastle-Ottawa Quality Assessment Scale for Cohort
studies'' was employed to assess the included studies for
potential bias (see Table 1).

Data Abstraction and Outcomes

Primary outcome measures were patient and pancreas graft
survival and thrombosis rates. Where possible, long-term out-
comes at 5 to 10 years were included. We qualitatively synthe-
sized evidence surrounding donor/recipient selection, recovery
procedures, implantation, and immunosuppression to evaluate
a role in pancreas outcomes.

Results
Study Characteristics

A total of 63 articles were identified for inclusion in the review
(Figure 2) from an original total of 133 citations. Screening of
reference lists of relevant full-text articles provided 8 addi-
tional studies that met inclusion criteria. Of the 141 articles
meeting inclusion, 69 did not satisfy the eligibility criteria and
were discarded. Upon full-text assessment, 6 citations were
excluded due to type of study, 1 for full-text unavailability,
and 2 with languages other than English.

The 63 included articles comprised of 2 meta-analyses,*’ 39
cohort studies,0:812-2023-28.30,32-37,39.41-43.4546.48 14 55 o
ference abstracts.*”**** All studies reported thrombosis in
pancreas allograft transplantation. The number of pancreas
transplants per study ranged from 9 to 10 253; characteristics
of each study are provided in Table 2. Multiple citations stem-
ming from single data sets and articles not specifying total
thrombus formation were taken into consideration when calcu-
lating overall thrombosis rate (see Table 2). With the exclusion
of these studies, a total of 1127 thrombi occurred in 15 936
deceased donors, whole pancreas transplants, constituting an
overall thrombosis rate of 7.07%. Additionally, 906 grafts were
lost secondary to thrombosis in the context of 1087 reported
thrombi, representing an 83.3% reported rate of pancreatic
allograft loss resulting from thrombosis within the pancreatic
vasculature.

Risk of Bias Within Studies

The included cohort studies were critically appraised for poten-
tial bias, as illustrated in Table 1. Using the Newcastle-Ottawa
Quality Assessment Scale, the quality of each study was eval-
uated based on the selection of study groups, comparability of
such groups, and the ascertainment of the outcome of interest.''
The studies demonstrated an adequate selection of study parti-
cipants, which accurately represented the general population of
patients requiring pancreas transplants. A direct comparator

group was often not used, as many of the studies did not employ
a specific exposure. Instead, retrospective cohorts typically
organized complete data sets of transplant variables and con-
ducted multivariate analyses. Lastly, the outcomes of each
study were generally well reported, except for addressing
follow-up attrition. Overall, included studies were of high qual-
ity and low risk of potential bias.

Donor and Recipient Factors

In several studies, donor age was associated with increased
pancreas allograft thrombosis®2%2>4%:%% and early technical
failure.’®>"*” Humar et al*® described a thrombosis incidence
of 1.8% with donors younger than 20 years, 3.7% with 20- to
40-year-old donors, and 16.2% with donors older than 40 (P =
.009). A donor age older than 44 years (vs 30-44) trended
toward increased thrombus formation in all 3 types of pancreas
transplants included, reaching significant relative risk of 2.03
for PAK (P = .007).6 The impact of recipient age on allograft
thrombosis was conflicting with most studies reporting no sta-
tistical difference. Noteworthy concession to this included
Gruessner et al,6 demonstrating a decreased thrombotic risk
with increasing age; recipients older than 44 compared with
those 30 to 44 years of age (P = .03 in PAK transplants).

Donor and recipient obesity, measured clinically as a BMI >
30 kg/m2, are both widely considered as risk factors for pan-
creatic allograft thrombosis.®*? Findings of this review corro-
borate this,*?%?%% rather, more importantly, one publication
even identified an increased thrombotic risk with a donor or
recipient BMI > 25 kg/m2 (P < .05).*® Preliminary findings of
Shahrestani et al®® identified risk of thrombosis increased by
25.6-fold in male donors compared with females (P = .01).
Recipient gender effect on the risk of thrombosis was poorly
reported within the literature.'®*”->* A retrospective cohort
study by Grewel et al'” in 1993 incurred 5 thromboses in a
cohort of 18 male recipients, compared to only 1 thrombosis
in the cohort of 23 female recipients (P < .04). This contrasted
with more recent nonsignificant findings (P > .05, see Supple-
mentary Table 1) of Ramessur Chandran et al*® of 3 thrombi in
58 males compared to 9 in 60 females, Hakeem et al*! of 17
thrombi in 64 men versus 7 thrombi in 39 females, and Harbell
et al*? of thrombosis in 15 of 62 males compared with 15 of 50
females.

Nontraumatic, especially cardiocerebrovascular, cause of
donor death increased the risk of subsequent pancreatic allo-
graft thrombosis.®®?**>7" Donor after cardiac death (DCD)
donor pancreas transplants have significantly higher rates of
thrombosis (P = .006).*” This study demonstrated that the use
of antemortem heparin in the donor reduced this risk to a non-
significant level.*” Kopp et al*® concluded that donor after
brain death (DBD) and DCD donors presented with comparable
pancreatic graft outcomes when normalized to a similar Pan-
creas Donor Risk Index (PDRI). The DCD donors of equivalent
PDRI’s incurred nonsignificant higher rates of partial throm-
bosis but lower rates of complete thrombosis than those of
corresponding DBD donors.*®
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Records identified through

database searches, with
duplicates removed

Additional records identified
through other sources

(n=8)

(n=133)

Records screened
(n=141)

l

Records excluded, as they did not refer
to thrombosis or pancreas
transplantation in the title or abstract
(n=69)

(n=72)

Full text articles assessed for eligibility

Full text articles were deemed ineligible:
Article type (n = 6)
Full-text unavailable (n= 1)
Non-English full text (n = 2)

A4

l

(n=63)

Studies included in the qualitative synthesis

Conference abstracts
(n=22)

Cohort studies
(n=39)

Meta-analysis
(n=2)

Figure 2. PRISMA CONSORT diagram showing identification and screening of studies for inclusion in the systematic review. PRISMA
CONSORT indicates Preferred Reporting Items for Systematic reviews and Meta-Analyses Consolidated Standards of Reporting Trials.

Pretransplant dialysis status of the recipient influences pan-
creatic thrombus formation. Recipients receiving dialysis
before pancreas transplantation had a significantly lower rate
of thrombosis compared with those not yet requiring dialysis
treatment.”*>>*> Of recipients receiving pretransplant dialysis,
hemodialysis was superior in reducing thrombotic risk than
peritoneal dialysis (P = .014).>* Pretransplant panel reactive
antibodies (PRA) greater than 20% (vs <20%) we linked to the
increased relative risk of thrombosis in SPK, PAK, and PTA
transplantations (significant in SPK, P = .01).° Hypercoagul-
ability (protein C or protein S deficiency or antiphospholipid
antibodies) was a predictor of early graft loss resulting from
thrombosis (P = .035).*?

Procurement and Preservation Factors

Cold ischemic time (CIT) and total preservation times signif-
icantly affected graft loss due to thrombosis in several studies.
Grewal et al'® found in their study an extended mean CIT for
thrombosis of 15.9 hours was associated with a significant risk
of pancreas graft thrombosis compared to a mean CIT of 10.8
hours for those with no thrombosis (P < .05). When a 12-hour
CIT cutoff was applied to the time of procedure, the CIT of the
6 grafts that thrombosed was all longer than 12 hours (P <

.005). More recent studies have confirmed this association,*
with one study detecting significant difference between a mean
CIT of 11.5 and 9.4 hours (P = .025).>* Total preservation time
greater than 24 hours has been linked to highly significant
increased risk of allograft thrombosis in several series.®*>°

Transplantation and Postoperative Factors

We compared differences in thrombosis rates in bladder drai-
nage and enteric drainage of pancreas transplants due to the
potential for increased risk of thrombosis associated with
enteric graft leak. Results were distributed between data sets,
where some studies identified an increased thrombotic risk
with enteric-drained transplants®®*® and others with bladder-
drained transplants.”*>~> Finger et al’° noted a significant pro-
tective benefit of bladder drainage against graft thrombosis (P
= .003). Arterial reconstruction methods other than Y-graft
(end-to-side anastomosis, interposition graft, and aortic carrel
patch) were associated with increased pancreas allograft
thrombosis.*> Portal vein extension did not significantly
increase risk!%*>*®: however, in the study by Jimenez et al,?8
all 7 cases of thrombosis occurred in the 30 transplants with
portoiliac venous management versus 0 of 23 portocaval vein
grafts, establishing a significant relationship (P < .02).
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Clinical and Applied Thrombosis/Hemostasis

While amylase level defining hyperamylasemia and post-
transplant time frames varied between citations, 3 different
studies identified postreperfusion pancreatitis as an indepen-
dent risk factor for graft thrombosis.*'***>>” Montiel-Casado
et al** employed a hyperamylasemia threshold of >745 mg/dL
(1 standard deviation above mean) within 3 days of transplan-
tation. Three of 8 thromboses and 4 of 50 nonthromboses cases
had pancreatitis, conferring an 8.6 times greater risk for vas-
cular thrombosis (P = .032).>* Hypotension, measured by
vasopressor use during transplantation, significantly increased
the recipients’ risk of allograft thrombosis.>® Intraoperative and
onward systolic blood pressures below 95 mm Hg were signif-
icant for thrombosis (P = .033 and .007, respectively).>’

Intravenous (IV) tacrolimus-based regimen for posttrans-
plant immunosuppression, although rarely used in contempo-
rary pancreas transplants, also appears to be a risk factor for
venous thrombosis incidence. Ciancio et al'> acknowledged
that all 14 cases of thrombosis in their 126 SPK transplant
data set used IV tacrolimus for immunosuppression. Depleting
T-cell antibody (vs nondepleting) induction and maintenance
protocols of oral tacrolimus and mycophenolate mofetil or sir-
olimus, all significantly decreased the relative risk of throm-
bosis.®>° Hakeem et al*! corroborate the importance of
adequate immunosuppression, demonstrating that acute rejec-
tion increased allograft thrombotic risk by 25% (P = .034).

The use of prophylactic heparin posttransplantation has tra-
ditionally been thought to lower the incidence of thrombosis as
seen in Humar et al*> where recipients who received heparin
and aspirin prophylaxis had a lower incidence of thrombosis
(4.0% vs 10.8%, P = .06). Multivariable analysis by Scheffert
et al*? of graft loss within 30 days due to thrombosis demon-
strated a trending protective benefit with the use of prophylac-
tic IV heparin (P = .091). Most recently, Raveh etal*’
demonstrated thrombotic risk significantly decreased with
postoperative heparin infusion for thromboprophylaxis com-
pared with non-IV heparin regimen (P = .01). The incidence
of bleeding increased with IV heparin usage; however, impor-
tantly, there was no difference in graft survival for those who
required exploration for bleeding.?

Discussion

Pancreas transplantation is associated with an event rate of
7.07% for thrombosis, with resultant graft loss in 83.3% of
cases. Findings demonstrate that there are numerous donor and
recipient, procurement and preservation, transplantation, and
postoperative factors predictive of early thrombosis in the pan-
creas allograft following transplantation. Although different
procedures, SPK, PAK, and PTA transplants inherently are the
same vascularized pancreas graft and as such carry the same
associated risk factors identified herein and are readily appli-
cable to all forms of pancreas transplantation not just SPK.
Significant factors associated with increased thrombosis rate
are donor age (>45), donor and recipient obesity (BMI > 30 kg/
m?), nontraumatic and cardiocerebrovascular causes of donor
death, high pretransplant PRA (>20%), and inherited

hypercoagulable disorders. Recipients not yet requiring dialy-
sis treatment or undergoing peritoneal dialysis are at an
increased risk of allograft thrombosis compared to those on
hemodialysis treatment at the time of transplantation.®2>3*7°
This is purported to be due to the uremia-induced platelet dys-
function associated with end-stage renal failure.2 Recipient age
of less than 45 years has generally been considered represen-
tative of an adequate cardiovascular system for immediate graft
success and long-term survival.>’ This is highlighted by Shah-
restani et al®® in recipients aged between 37 and 42 years,
demonstrating a 10.6 times greater risk of thrombosis com-
pared to those <36 years (P = .02). Conversely, findings from
Gruessner et al6 identify a decreased thrombotic risk with reci-
pients older than 44 years (vs 30-44 years old), warranting
further investigation.

Meticulous procurement of the pancreas is crucial to mini-
mize technical failure posttransplantation. Procurement tech-
nique was not evaluated assumedly due to difficulty
quantifying the variable levels of trauma sustained during
retrieval. Backbench preparation and atraumatic recovery of
the pancreas are essential to reducing thrombosis resulting
from technical failure.”' This is especially relevant to the pan-
creas, given its fragile composition and extensive microvascu-
lature.”! At procurement, graft preservation is achieved by
flushing the pancreas with a preservation solution that induces
hypothermia (4 °C), attenuating the effects of ischemia and
reperfusion, and thus extending cold ischemic tolerance.*® The
type of preservation solution ideal for pancreas preservation
has come under recent debate. University of Wisconsin (UW)
solution is considered the reference standard for pancreas pre-
servation; however, in recent years, histidine-tryptophan-
ketoglutarate (HTK) solution has become increasingly popular
for abdominal organ procurement.***”? In 2 recent studies, HTK
solution has been correlated with increased early postoperative
pancreas graft complications (including graft thrombosis) and
losses.'*’* It is currently unclear whether the comparatively
higher flush volumes recommended with the use of HTK solu-
tion are the cause of these findings by inducing hyperperfusion-
related injury during organ recovery.'>’%7? Other publications
found no significant difference in pancreas allograft complica-
tion or survival between HTK and UW solution, indicating
further investigation is necessary to evaluate this potential risk
factor.' 214184369 Reoardless of preservation solution, small
bowel does not tolerate prolonged periods of preservation well,
and increasing preservation time increases the risk of leaks and
ischemia—reperfusion pancreatitis, which contribute to throm-
bus formation in the allograft vasculature.>* Cold ischemia
time longer than 12 hours and total preservation time greater
than 24 hours are well-defined risk factors for early pancreas
allograft thrombosis and graft failure.®®!?

Regarding the transplantation procedure, meticulous arterial
Y-graft construction and portal venous drainage should be
employed to minimize potential thrombotic risk. Systemic or
portal venous drainage has different thrombosis rates, depen-
dent on surgical experience and personal preference. Portal
vein extension graft use trended toward increased thrombosis
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in several studies; however, further investigation is required to
clarify this as a potential risk factor. Enteric drainage, although
linked to a higher rate of thrombosis than bladder drainage in
some series, continues to be used by most significant centres’'
and indeed provides better long-term graft survival.®> This is
perhaps due to the long-term sequelae of chronic urological
complications associated with bladder drainage.”’ Conversely,
bladder drainage theoretically allows for rapid diagnosis and
subsequent treatment of postoperative complications via
repeated urinary amylase measurements; however, it is rarely
performed in practice.”” Most transplant units have moved to
enteric drainage as studies have shown improved graft sur-
vival®>”* and significantly lower morbidity.”*

The intrinsically low circulatory flow (1.3% of cardiac out-
put) and extensive microvasculature bed of the pancreas lends
itself particularly susceptible to hypo/hyperperfusion injury.5
This, in conjunction with inevitable hemodynamic changes
associated with transplantation, namely, reperfusion, cell
death, edema, and increased local blood flow resistance, rep-
resents a significant risk factor for graft thrombosis and
ischemia-induced pancreatitis.'® Administration of steroids to
the donor prior to procurement was only reported in one study
where steroid administration reduced pancreatitis and edema
that occurs during aggressive fluid resuscitation of the donor
and initiation of graft reperfusion.'® This may reduce reperfu-
sion inflammation and injury, as well as minimizing graft
edema, thus maintaining adequate perfusion to prevent early
allograft thrombosis.'® This relationship of inadequate perfu-
sion and thrombosis is highlighted by the established associa-
tion between hypotension/vasopressor use and allograft
thrombosis.*” The reduced flow in hypotension promotes stasis
and thrombus formation.>® Systemic response to a hypotensive
state results in diversion of blood from peripheries to the cen-
tral organs. With most arterial reconstructions, anastomosing to
the common or right external iliac artery reduces perfusion to
the pancreas allograft.*

Although it is believed that most transplant centers utilize
some form of anticoagulation, there is currently no standar-
dized or universal anticoagulation prophylaxis protocol for
pancreas thrombosis. Findings by Scheffert et al*> and Humar
et al*® support prophylactic heparin and aspirin use with insig-
nificant influence to bleeding complications. Raveh et al*® con-
solidate the use of IV heparin thromboprophylaxis in
significantly reducing thrombotic risk. Although additionally
demonstrating an increased hemorrhage risk, this was primarily
in supratherapeutic (activated partial thromboplastin time
[aPTT] > 60) cases, suggesting a lower target PTT value may
minimize bleeding risk without compromising efficacy.*’ Har-
bell et al*? demonstrate that a protocol based on prophylactic
dual-antiplatelet therapy and short-term low-dose heparin infu-
sion (200-400 U/h) followed by treatment with therapeutic
heparin for nonocclusive splenic vein thrombi does not signif-
icantly increase risk of bleeding complications. In this context,
nonocclusive splenic vein thrombosis could be managed safely
with anticoagulation alone, thus warranting further prospective
randomized studies in this area.

A limitation of this review was that several analyzed vari-
ables surrounding thrombotic risk were poorly reported within
the literature. Recipient gender quantified with associated
thrombosis was reported in only 3 studies. Although this iden-
tifies an area of potential improvement within the field, the
authors of each article were not directly contacted to provide
further data that may have been collated but excluded from
final reports. This study was also limited by the variable time
frames used in included studies for reporting thrombosis. Many
studies utilized reporting time frames that extended beyond 2
weeks posttransplant. Although adhering to our predefined
eligibility criteria of early thrombosis as within 2 weeks of
transplantation, many studies did not clarify exact timing of
each thrombosis and as such offers potential that some thrombi
reported occurred external to our eligibility period and affected
viability for an accurate overall thrombosis rate. Mixed inclu-
sion/lack of delineation of partial, complete, arterial, venous,
and functional thrombi between studies adds heterogeneity to
this review. This is further confounded by the inconsistent use
of postoperative protocol imaging between studies for which
subclinical partial/functional thrombi of nonsignificance may
have been identified.?"*® Lastly, by employing a broad inclu-
sion criterion, a comprehensive representation of the literature
could be collected, limiting selection bias and increasing rele-
vant studies, resulting in an accurate depiction of overall
thrombosis rate and graft loss. However, on balance, by having
no restriction on publication date, the effects of varying study
eras and associated developments in the pretransplant selec-
tion, transplantation protocol and technique, postoperative
management, and imaging modalities over time may provide
potential era bias and an overcalculated thrombosis rate com-
pared to what would be expected from recent studies alone.

Conclusions

Given the intrinsically low parenchymal microvasculature flow
of the pancreas and the hypercoagulable state of the diabetic
recipient, it is unsurprising that pancreas transplants suffer
higher thrombosis rates (9%) and consequent graft loss (7%)
than other abdominal organ transplants.2 As such, modifiable
risk factors for allograft thrombosis need to be elucidated and
taken into careful consideration to optimize outcomes. By
doing so, rates of early thrombosis can be reduced, ultimately
increasing long-term graft survival and improving patient out-
comes. This does, however, need to be balanced against the
availability of donors. Too high a restriction to attenuate com-
plications can result in a shortage of potential grafts. Extending
donor sources with equivalent risk profiles such as recent evi-
dence supporting pediatric pancreas donors should be further
investigated.** This is especially important in today’s society,
where type 1 diabetes is becoming increasingly prevalent.'”>
Furthermore, diabetic patients with end-stage renal failure
waiting for an available transplant have a higher mortality rate
compared to the first year posttransplantation.’® With this in
mind, using the findings of this review, we demonstrate that
judicious donor and recipient selection, use of antemortem
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heparin along with meticulous procurement and preservation,
followed by evidence-based transplantation technique and
postoperative management are of paramount importance to
ongoing and improving success in whole pancreas transplanta-
tion. We suggest when all are taken into account and utilized,
significant improvements to pancreas graft survival can be
achieved. Finally, this review highlights the need for further
investigation into improved preservation solutions, exocrine
drainage method, standardized anticoagulation, and screening
protocols as their effect on thrombosis remain poorly eluci-
dated within the literature.
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