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Abstract
One of the most common diseases that can affect human beings is Diabetes Mellitus. To that, Pancreas
transplantation is the best known treatment so far but it also has some limitations. One of the most common reasons
for failure is Thrombosis of pancreatic graft after transplantation. This review paper offers a brief history of
transplantation and summary of those factors which can cause thrombosis of a pancreatic graft. There are two major
groups for these factors; a) pre transplantation and b) post transplantation risk factors. The existing literature on
thrombosis of pancreatic graft highlights those critical factors which could be one of the causes for thrombosis in a
pancreatic graft. Pre transplantation risk factors include age of donor and recipient, gender of recipient, medical
history of donor and recipient, ABO identity, duration of cold ischemia, administration of steroids and liquid of
conservation. On the other hand, post-operative factors for thrombosis of pancreatic graft include venous
anastomosis, microcirculation of graft, post-operative Von willebrand factor, post-operative hyperinsulinemia and
type of pancreas transplantation. This review offers guidelines for pancreas transplantation in the light of these pre
transplantation and post transplantation risk factors, so that surgeons can reduce the risk of thrombosis in a
pancreatic graft.
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Introduction
Diabetes Mellitus (DM) is the most common but critical disease
which has affected the human beings significantly across the globe. The
discovery of Insulin in 1922, medication used for the DM by two
scientists, Banting and Best, has changed the prognosis of type-I
disease from lethal to chronic. Though the exogenous administration
of insulin does not allow perfect control of diabetes in long term, but
with further research it is found that the degenerative complications
induced by diabetes have a strong relationship with the quality of
glycemic control [1]. Otherwise, diabetes can cause major macrovascular and micro-vascular complications. The best way to manage
diabetes type-I is by pancreatic transplantation [2,3]. Kelly et al. [4] in
December 1966, for the first time, performed pancreas transplantation
with a renal graft to treat a type-I diabetes patient with uremia at the
Hospital of the University of Minnesota, United States. Till 1980s, the
pancreatic transplantation was being done just in a few centers of the
United States and Europe. The introduction of the
immunosuppressants tacrolimus and mycophenolate mofetil in 1994;
the evolution of surgical techniques and the routine use of a preserving
solution at the University of Wisconsin concluded with a significant
improvement of the results and with the consequent increasing
number of transplants performed in several countries [5].
The first pancreas transplantation in China was performed on 22
December 1982 at Tongji transplant Center, Wuhan [6]. One of the
important outcomes of the pancreatic transplantations is to ensure the
better quality of life in type-1 diabetes patients. In addition, the
diabetes patients will get rid off from exogenous insulin and
prevention of secondary complications of this type of diabetes such as
retinopathy, neuropathy, nephropathy and vascular disease, besides
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protecting the transplanted kidney from developing diabetic
nephropathy [7].
So far pancreatic transplantation is the best treatment for type 1
diabetes to establish a normoglycemia as effectively as a functional
pancreas. But this treatment was limited by toxicity of immune
suppressor treatment and surgical complications after transplantation.
Half of the pancreatic graft fail due to technical failure in the first 6
months after transplantation [8,9]. Although improvement in
pancreatic transplantation as treatment of type 1 diabetes came by the
advancement in technology as in surgical technique, preservation of
organs, and immunosuppression [10,11]. Thrombosis of pancreatic
graft is still one of the most frequent surgical complications of the
pancreatic graft and its pathogenesis is not still well understood
[12,13]. Vascular thrombosis in responsible for the majority of these
early graft losses with an estimate of 2:1 ratio between venous and
arterial graft thrombosis [14].
The study presents that risk factors which cause thrombosis of
pancreatic graft can be divided in two major groups. First, some
complications which surgeon should enlist before the operation are
listed in a major group as pre-transplant risk factor for venous
thrombosis of the pancreatic graft second, those which are the causes
of thrombosis after surgical process and we can enlist them as posttransplant risk factors.

Pre Transplant Risk Factors
The major pre-transplant risk factors we have deduced from the
existing literature are:
Gender: Talking thrombosis it is noted that estrogen plays an
important role in females but those who are below 50 years of age are
less prone to have thrombosis and the same is reported in case of
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pancreatic graft transplantation. In most studies, venous thrombosis is
more frequent in male patients as compare to their female
counterparts. One of the critical complications is the narrowness of the
male pelvis as compared to the female [15].
Age of donor and recipient: Many authors agree that the age plays
an important role for the transplant survival both the age of donor and
recipient the accepted higher limit is 45 years. Age more than this limit
is not suitable for long term survival of a pancreatic graft [16,17]. The
atherosclerosis is the phenomenon associated with age particularly
involving the donor vessels used for arterial reconstruction of the
pancreas graft [14]. On the other hand, it has been pointed out that the
age of the receiver less than 45 years of age is associated with a
satisfactory cardiovascular state has a major importance for the
immediate success of the grafts and the long-term function of the
pancreatic graft [18]. The Western literature identified that 45 years age
is a set criteria for pancreas transplantation [19]. But other recent
studies came with a different result and prove that patient with older
age should be consider as potential candidates for allograft pancreas
transplantation with good medical assessment [20,21]. 3 years survival
rate in relationship to recipient and donor is represented as young-toyoung > young-to-old > old-to-young> old-to-old [22].
Medical history of donor and recipient: Recent studies agree that
medical history of donor and recipient plays a crucial role in
thrombosis after transplantation. The donor with the history
cerebrovascular can cause brain death, obesity, and presence of shock
at the time of death has been cited as donor risk factors for subsequent
pancreas graft thrombosis. Vascular disease in the recipient and
certainly support graft thrombosis (thrombophilia), whether
definitively diagnosed or based upon history alone, also increase risk
in the recipient [14]. Diabetes itself is reported as a risk factor for
thrombophilia and it is reported that 80% of patients with diabetes die
from thrombotic complications. Diabetes is associated with
abnormalities in nearly every component of the coagulation system
which include platelets, vascular endothelium, coagulation factors,
anticoagulants, and fibrinolysis [23].
Donors organ donated after cardiac death (DCD) and Organ
donated after brain death (DBD) is a major debate between a lot of
authors, mostly prefer is DBD, but it is said that DCD is showing the
same results of graft survival and those donors should be consider to
be safe for SPK to increase the donor pool meanwhile reducing waiting
time for a patient but those cases which were failed thrombosis was
found the major cause of graft failure in those patients was reported
12.8% for DCD Vs 6.1% in case of DBD [24]. For thrombosis point of
view, DBD is considered to be safer as compared to DCD.
Obesity is a major phenomenon related with thrombosis for
pancreatic graft in recipient, it is reported that in patients with BMI
more than 24.9 chances of thrombosis are double then those with BMI
less than 24.9 [25]. Cessation of smoking, prophylactic heparinization,
monitoring of respiratory and cardiac status and prophylactic
antibiotics are the recommendation to lower the surgrical risk in obese
patients [26].
ABO identity: According to existing literature, it is seen that
regarding ABO identity between receiver and donor is desirable fact
[27]. Although transplantation has been reported in some nonidentical ABO donor and recipient successful to a certain period of
time but the authors call it a coincidence and are unable to describe its
role in venous thrombosis. ABO identical pair is preferred for
transplantation of pancreas to avoid any thrombotic complication [17].
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Duration of cold ischemia: The longest reported duration of cold
ischemia is 34 hours with a successful pancreas transplant. Most
researchers do not find any correlation for duration of cold ischemia
and possible complications if duration is lower than 24 hours [13,15].
Some recent authors state that prolonged duration more than 12-24
hours can be a risk factor for thrombosis of pancreatic graft [28]. So,
we conclude that surgeon should try to transplant the graft as early as
possible within the time limit of 24 hours otherwise it is considered as
a risk factor for thrombosis of the pancreatic graft.
Administration of steroids: It is recommended to administer the
high amounts of steroids, to prevent the edema of the gland which
appears during perfusion with the cooling liquid and during
mobilization of the internal organs [15]. By reducing edema of gland
we can reduce the risk of thrombosis.
Liquid of conservation: The liquid of conservation the solution of
VIASPAN®, (University of Wisconsin organ preservation solution),
unanimously considered as the best, as it makes possible to preserve
pancreas for 30 hours [29] but some other studies suggest the same
efficacy for pancreas transplantation with histidine-tryptophanketoglutarate (HTK) [30].
Post transplantation risk factor: The study in hand enlists some
major risk factors that should or can be managed after the
transplantation is done. By keeping these factors in attention and
addressing them in a proper way can reduce the risk of thrombosis in a
pancreatic graft.
Venous anastomosis: Venous anastomosis is a key factor for
thrombosis. There are two different processes recommended for
venous anastomosis as purpose to decrease the risk of venous
thrombosis. Some authors suggest a venous anastomosis between a
short portal segment and an iliac vein well mobilized, after the ligature
of the hypogastric branches. By this, portal angioplasty [31] can be
avoided. Mostly preferred way is a long portal segment (possibly
extended in ex vivo), anastomosed with an external or primitive iliac
vein without excessive mobilization and section of the hypogastric
branches [32].
Microcirculation: Pancreas has a reduced circulatory flow as
compare to other solid organs like liver and kidney that is 1.3 percent
of the cardiac total cardiac flow. This ratio is not changed in the graft,
regardless of the technique is used. The changes of microcirculation in
grafted pancreas play an important role in the occurrence of venous
thrombosis and are represented by the following sequence: reperfusion
- cellular death - edema - increase in local resistance to blood flow
[12]. This local resistance can lead to the thrombosis in a pancreatic
graft. So regarding the surgical approach in the case of venous
thrombosis of the pancreatic graft, the majority of teams prefer
explanation to reperfusion [12,33,34]. Thrombosis may also be partial
or complete in regard to the extent of involvement of the pancreas [35].
Partial occlusive thrombosis, which is probably underreported, occurs
more frequently than complete thrombosis and pancreas graft survival
is much more likely [36]. If the partial thrombosis is early diagnosed it
can only be treated with Aspirin and reperfusion can be reduced to
anticoagulant medication for 3 months in total venous thrombosis
[36,37]. Thrombectomy associated with heparin followed by an oral
anticoagulation is mentioned as another effective treatment for
reperfusion [38]. Hypotension of pancreatic graft is a cause for
thrombosis if pancreatic graft is well perfused incidence of thrombosis
can me addresses properly [39].
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Post-operative Von willebrand factor: Von willebrand factor is
associated with thrombosis so it should monitored carefully after the
surgery as it is reported to be high in the patients found with venous
thrombosis of pancreatic graft [40].
Post-operative hyperinsulinemia: In all studies, the occurrence of
venous thrombosis is fast, most frequently between 12 hours and 5
days. Hyperinsulinemia settles soon after declamping of graft. Insulin
favors platelet aggregation and induces a state of hypercoagulability
which might be a factor towards thrombosis [41].

Different types of pancreas transplant
Registered data suggest that simultaneous pancreas and kidney
(SPK) transplant recipients have less pancreas graft thrombosis
compared to pancreas after kidney (PAK) or pancreas transplant alone
(PTA) recipients [42]. Best results are said when pancreas
transplantation is done simultaneously with kidney the anticoagulant
effects of uremia and lower risk for acute rejection associated can be a
reason for lower risk for vascular thrombosis.
Anticoagulation therapy: Anti-coagulation therapy plays a key role
in reducing the incidence of thrombosis [42,43]. Low-molecularweight heparin LMWH and unfractionated heparin UFH were on trial
for DVT [44,45]. Experimental study reveals that once daily fixed dose
of LMWH is effective to prevent pancreatic graft thrombosis [46].
LMWH like bemiparin suggested treatment for DVT, diabetic
complications like ulcer on lower extremity and other surgical
thrombotic complications [47].

Conclusion
The major problem which can occur after transplantation is the
Thrombosis of pancreas. To address the issue, this study extends
guidelines helping surgeons to minimize the chances of thrombosis.
The existing literature on medical history suggests that age of donor
and recipient should be less than 45 years of age, apart from the
duration of cold ischemia and use of proper solution of conservation.
The study further suggests that Post-operative von willebrand factor
and hyper insulinemia should be well controlled. SPKT show best
result rather than PAK and PTA.
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