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ABSTRACT

Background: Pancreas thrombosis is a significant complication after pancreas transplantation. Most cen-
ters use pharmacologic thromboprophylaxis with anticoagulants and antiplatelet drugs during and/or
immediately after transplantation. Currently, there is no consensus on the best thromboprophylaxis in
these patients.

Methods: A literature review of MEDLINE, SCOPUS, and Google Scholar was done. Studies administered
pharmacologic thromboprophylaxis after pancreas transplantation and reported thrombosis and/or
bleeding complications were recruited.

Results: Aspirin, unfractionated or low-molecular-weight heparin (LMWH) were the most utilized op-
tions. Dextran, antithrombin III, and warfarin have been occasionally used. The reported rates of throm-
bosis and bleeding ranged from 4-43% and 0.3-58%, respectively.

Conclusion: Best regimen and duration of pharmacologic thromboprophylaxis in pancreas transplanta-
tion remain to be determined. Low-dose aspirin is a common part of antithrombotic regimens that usu-
ally continue after discharge. Intraoperative heparin has been administered in some centers and appears
to decrease the risk of thrombosis without increasing the risk of bleeding. Adding post-operative, pro-
phylactic doses of intravenous or subcutaneous heparin, starting while the patient is homeostatically
stable, forms a part of the current thromboprophylaxis regimen. LMWH has sometimes been substituted
for heparin; however, the dose adjustment according to renal function is challenging. Warfarin should be

reserved only for patients with hypercoagulability or for thrombosis treatment.
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INTRODUCTION

ancreas transplantation is a treat-
Pment option for uncontrolled diabetic

patients [1]. As diabetes mellitus is a
leading cause of end-stage kidney disease, si-
multaneous pancreas and kidney (SPK) transplan-
tation is the most common type of pancreas
transplantation. Patient and graft survival at-
ter pancreas transplantation is excellent. SPK
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transplantation improves the patients' quality
of life and decreases morbidities and mortality
associated with diabetes and secondary com-
plications [2, 37.

Due to the complexity of the pancreas trans-
plantation procedure, technical failure of
the pancreas graft, especially early after the
transplant surgery, is a challenging problem.
Pancreas allograft thrombosis is the expected
result of technical failure following pancreas
transplantation [4-67]. The incidence of pan-
creas graft thrombosis has been reported to be
between 1 to 40% in different studies [7-97. A
recent systematic review reported a graft loss
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rate of 83.3% In pancreas transplant recipients
who experience graft thrombosis [107].

The etiology of pancreas graft thrombosis is
multifactorial. It is mainly due to inherently
low microcirculatory blood flow through col-
lateral circulation. This circulation, which
drains splenic and mesenteric veins, has high
capacity, leading to venous stasis. Other
thrombogenic factors could be vascular injury
during transplant procedure 117, reperfusion
injury [12], or inherited hypercoagulability
and decreased fibrinolysis in diabetic patients
[137. Histological studies revealed that up to
33% of thrombosis after pancreas transplanta-
tion, might result from vascular injury due to
immunological failure (acute and hyperacute
rejections) early after transplantation [10, 14.

Several risk factors have been associated with
increased risk of pancreas allograft thrombo-
sis in different studies, including donor and re-
cipient age, donor and recipient obesity (body
mass index (BMI) of more than 30 kg/m?),
baseline hypercoagulability state, nontraumat-
ic especially cardio-cerebrovascular causes of
donor death, cold ischemic time and preserva-
tion time of more than 12-24 hours, hypoten-
sion and vasopressor use during transplanta-
tion, and post-reperfusion pancreatitis [4, 10].

Optimizing donor and recipient selection and
surgical factors modification are effective
strategies for reducing the risk of thrombosis
after pancreas transplantation. Most trans-
plant centers routinely use pharmacologic
thromboprophylaxis with various combina-
tions of anticoagulant and antiplatelet agents
during or immediately after transplant sur-
gery [15]. Different retrospective and cohort
studies have evaluated the effectiveness and
safety of different thromboprophylaxis proto-
cols for preventing graft thrombosis in pancre-
as transplantation [16, 17]. Although the ef-
ticacy of pharmacologic prophylaxis has been
shown in different studies, bleeding risk early
after transplantation is a significant concern
[187. Currently, there is no guideline or con-
sensus on the best thromboprophylaxis proto-
col for pancreas transplantation and any evi-
dence to support either selective or universal

anticoagulation after pancreas transplantation
is lacking [197. Herein, we reviewed the litera-
ture regarding different thromboprophylaxis
regimens that have been applied after pan-
creas transplantation by different centers or
researchers.

MATERIALS AND METHODS

A literature review of the medical databases,
including MEDLINE, SCOPUS, and Google
Scholar, was performed up to April 2021 us-
ing the keywords ("pancreas transplantation"
or "pancreatic transplantation" or "pancreas
after kidney" or "pancreas transplant alone"
or "solitary pancreas transplant" or "simul-
taneous pancreas kidney" or "simultaneous
kidney pancreas" or" simultaneous kidney and
pancreas" or "simultaneous pancreas and kid-
ney” or "kidney and pancreas" or "pancreas
and kidney" or "kidney pancreas" or "pan-
creas kidney" or "primary combined pancreas
and kidney" or "pancreas-kidney" or "kidney-
pancreas" or SPK) AND ("thrombosis" or "an-
ticoagulant" or "antiplatelet" or "heparin" or
"enoxaparin" or "low molecular weight hepa-
rin" or "aspirin"). In the relevant studies, a
manual review of the reference lists was also
performed. No data or language filters were
applied. Studies that had administered phar-
macological thromboprophylaxis after pan-
creas transplantation and reported thrombosis
and/or bleeding complications were included.

RESULTS

After the exclusion of duplications and unre-
lated studies, 30 articles were evaluated. Table
1 summarizes the characteristics of the includ-
ed studies, the applied pharmacologic throm-
boprophylaxis regimen in each study, and
the rates of graft thrombosis, gratt loss, and
bleeding, if reported. Most pancreas trans-
plant centers administered some form of phar-
macologic prophylaxis intraoperatively, post-
operatively, or both to prevent pancreas graft
thrombosis. As seen in Table 1, anticoagulants
and antiplatelet drugs have been widely used
for prophylaxis of graft thrombosis in pan-
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creas transplant recipients. Low-dose aspirin,
unfractionated heparin or low-molecular-
weight heparin (LMWH) are the most uti-
lized options for thromboprophylaxis follow-
ing pancreas transplantation [16-18, 20-22].
Intravenous (IV) dextran, antithrombin III,
and warfarin have been used occasionally [23-
287. Among the included studies, the rates of
thrombosis, bleeding complications, and pan-
creas allograft loss ranged from 4-43% [27,
297, 0.3-58% [11, 30], and 0-21.6% [28, 30],
respectively. Some selected studies are dis-
cussed below, while all articles have been sum-
marized in Table 1

Intraoperative Anticoagulation

One component of thromboprophylaxis regi-
men used In some centers is an intraoperative
bolus of IV heparin [7, 17, 31-857]. Arjona-
Sénchez et al. performed a retrospective anal-
ysis among 198 SPK transplantation patients
from 1989 to 2017. In that study, pancreas
graft thrombosis and bleeding complications
were compared between SPK transplant recip-
ients who had undergone intraoperative hepa-
rinization with those who had not. One day
after surgery, all patients were administered
a daily prophylactic dose of LMWH 40 mg.
Aspirin 100 mg daily was started on the third
postoperative day for all patients. The rates
of pancreas graft thrombosis were 4.9% and
14.6% among patients who received and did
not receive intraoperative heparin, respec-
tively (P= 0.119). The incidences of hemoperi-
toneum (17.1% vs. 12.2%; P= 0.53) and upper
gastrointestinal bleeding (9.8% vs. 4.9%; P=
0.67) were higher in patients who received
intraoperative heparin, but the differences
were not statistically significant. The authors
concluded that intraoperative heparinization
during SPK transplantation surgery was not
helptul, so they stopped using intraoperative
systemic heparin [177]; However, observing
their data shows that pancreas graft thrombo-
sis was approximately threefold more common
among patients who did not receive intraoper-
ative heparin. This difference may be clinical-
ly remarkable, although it was not statistically
significant. Walter et al. [27] and Fertmann
et al. [247] administered 1500-3000 interna-
tional units (IU) of antithrombin III intraop-
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eratively and then started IV heparin infusion
4-6 hours after transplantation. Both of them
reported thrombosis rates of 16% at the end of
their studies. Prospective comparative studies
with more patients are needed to clarify intra-
operative anticoagulantation's effectiveness in
thrombosis prevention in pancreas transplan-
tation.

Postoperative Anticoagulation
Postoperative anticoagulation consisted of the
following parts:

Unfractionated heparin

A component of antithrombotic regimens that
have been widely administered in different
thrombosis prevention protocols among pan-
creas transplant recipients is IV heparin infu-
sion shortly after surgery while the patient is
homeostatically stable [11, 16, 18, 20, 21, 23,
24, 27, 28, 30, 32, 33, 36, 37 . Aboalsamh et
al. compared two thromboprophylaxis proto-
cols after SPK transplantation during a ret-
rospective cohort study. The first group was
administered oral aspirin 81 mg daily, start-
ing on postoperative day 1. The second group
received I'V heparin infusion starting at a dose
of 500 IU/hour (hr) from the recovery room
until 24 hours. Heparin infusion was de-esca-
lated by 100 IU/hr daily to be stopped on day
tive post-transplantation and followed by oral
aspirin 81 mg daily afterward. Pancreas graft
thrombosis and the resultant graft failure rate
was 21.2% in the first group, while no pan-
creas graft thrombosis happened in the second
group (P= 0.008). The postoperative hemor-
rhage rate was not significantly different be-
tween the two groups [167].

Adrogue' et al. retrospectively evaluated the
role of hypercoagulable states in thrombotic
events after SPK transplantation. They ad-
ministered 70 IU/Kg of bolus IV heparin in-
traoperatively followed by 7-10 IU/Kg/hr for
5-7 days postoperatively to patients who were
transplanted between 1994 to 2003. In addi-
tion, all recipients started taking 325 mg/day
of oral aspirin from day 3-5 after the opera-
tion, which was continued for three months.
The authors detected that using IV heparin
plus aspirin as a thromboprophylaxis regimen
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Table 1: Continued ...
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Table 1: Continued ...
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reduced the rate of pancreas graft thrombosis
from 12% to 6% compared to their experience
before 1994 when they did not apply periop-
erative heparin [827]. A comparison between
patients who received IV heparin in the first
48 hours after transplantation plus aspirin and
patients who received only aspirin 300-325
mg/day from the first day after pancreas
transplantation found a statistically non-sig-

nificant lower rate of complete thrombosis
among patients who received IV heparin in
combination with aspirin (10% vs. 15%;
P=0.452) [21]. Raveh et al retrospectively
compared four different anticoagulation regi-
mens early after pancreas transplantation.
Anti-coagulation regimens included subcuta-
neous (SC) heparin plus oral aspirin, dextran
plus SC heparin and oral aspirin, heparin infu-
sion, and none. IV heparin infusion was the
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most effective thromboprophylaxis regimen
as the rate of pancreas allograft thrombosis in
the heparin infusion group was 19% versus
48% in the rest of the groups (odds ratio (OR)
0.25, 95% contidence interval (CI): 0.09-0.70;
P= 0.01). Among the anticoagulation regi-
mens, heparin infusion was associated with
increased bleeding complications compared to
no anti-coagulation, but it depended on the
partial thromboplastin time (PTT). Six per-
cent of the patients with PT'T value below 60
seconds versus 25%of the patients with PTT
above 60 seconds needed re-exploration due to
bleeding (OR 5.7; 95% CI 0.98-33.08; P=
0.048) [237]. In their review article, Farney et
al. discussed the bleeding risk of IV heparin
infusion. The thromboprophylaxis protocol in
their center contained 1500—2000 IU heparin
bolus intraoperatively followed by a heparin
infusion of 100—200 IU/hr to a maximum rate
of 500 IU/hr after transplantation when the
patient was homeostatically stable. They did
not intent to increase the PTT and reported
increased risk of postoperative bleeding when
PTT prolonged beyond 50 seconds [57].

As found, few studies administered therapeu-
tic doses of heparin after pancreas transplan-
tation to prevent thrombosis [22, 31], while
most studies have used prophylactic IV hepa-
rin doses [10, 15, 17, 19, 20, 23, 26, 27, 29, 32,
35, 86 for this purpose. When I'V heparin was
administered in therapeutic doses, bleeding
complications were reported in up to 17.5%
of the cases [81]. The bleeding risk after IV
heparin infusion seems to depend on the hep-
arin dose and PTT values. More studies are
needed to evaluate the optimal dose of heparin
and PTT goal to balance most antithrombotic
efficacy and least bleeding risk after pancreas
transplantation. The other areas that need
more research are comparisons between dif-
ferent routes of heparin administration (SC
versus V) and modes of heparin administra-
tion (bolus versus infusion administration) in
the pancreas transplantation population.

Low-molecular-weight heparin

LMWH could be an attractive option for
thrombosis prophylaxis after pancreas trans-
plantation due to the ease of administration,

Thromboprophylaxis and Pancreas Transplantation

once-daily dosing, and less need for laboratory
monitoring. In a retrospective study, Schenker
et al. compared IV heparin infusion adjust-
ed to target aPT'T within twice the normal
range versus once daily LMWH after SPK
transplantation. Patients did not receive an
antiplatelet agent. Vascular graft thrombosis
was 17% and 7% in the heparin and LMWH
groups, respectively (P= 0.047). The frequen-
cy of major bleeding did not significantly dif-
fer between the two groups (7.8% vs. 6.9%)
[20]. Also, Kopp et al. retrospectively evaluat-
ed LMWH efticacy for thrombosis prevention
after SPK transplantation. Their protocol ad-
justed the LMWH dose according to the pa-
tient’s weight. No other anticoagulant or anti-
platelet agent was administered. According to
computed tomography follow-up after trans-
plantation, 84% of the patients had evidence
of complete or partial thrombosis. Pancreas
graft loss occurred in 7.8% of the patients due
to thrombosis. This study required surgical
intervention in 9.6% of the patients because of
bleeding complications [227]. Estimation of ap-
propriate dosing based on patient weight, dose
adjustment in renal failure, cost, and revers-
ibility of anti-coagulation effect are the main
challenges for LMWH administration [5].
Although enoxaparin has been used safely in
renal failure, dose adjustment is required [387].
Dose adjustment of LMWH is complicated
due to unpredictable changes in renal function
over time early after SPK transplantation. Be-
cause of this limitation, Gopal e al. adminis-
tered LMWH at discharge, when renal func-
tion was stable, after the initial administration
of heparin during hospitalization [187]. In soli-
tary pancreas transplantation (pancreas trans-
plant alone (PTA) and pancreas after kidney
transplantation (PAK)) in which the trans-
plant recipient is nonuremic, LMWH dose
and safety could be more confident.

Aspirin

Antiplatelet drugs, especially aspirin, are com-
ponents of most thromboprophylaxis protocols
(Table 1). There is no randomized controlled
trial or cohort study comparing different dos-
es and duration of aspirin administration as
thromboprophylaxis after pancreas transplan-
tation. Raveh et al. retrospectively compared
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four different anti-coagulation regimens early
after pancreas transplantation. They devel-
oped a sonographic-based thrombosis severity
score ('T'SS) system [T'SS = (vessel grade) x
(occlusion grade) x (diastolic flow grade)] in
their study. There was no association between
anti-coagulation regimens and venous TSS,
but arterial T'SS was higher in regimens with-
out antiplatelet therapy on the first day after
transplantation. This finding indicates the ef-
ficacy of antiplatelet therapy in thrombopro-
phylaxis protocols [237. In that study, platelet
function analysis was done for patients on the
day of surgery. Collagen-epinephrine (Col/
Epi) closure time (normal 98-182 seconds)
and collagen-ADP assay (Col/ADP) (normal
52-112 seconds) was measured. Isolated pro-
longed Col/Epi assay indicates a mild intrinsic
or aspirin-induced platelet dysfunction, while
prolongation of both Col/Epi and Col/ADP
indicates a significant intrinsic or induced
(other than aspirin) platelet dysfunction. Re-
sults should interpret in the absence of severe
anemia or thrombocytopenia. Graft throm-
bosis rate was 20% in patients with normal
platelet function, while thrombosis rates were
33% in patients with Col/Epi >182 seconds
and Col/ADP <112 seconds and 61% in those
with Col/Epi >182 seconds and Col/ ADP
>112 seconds (P= 0.002). Moreover, worsen-
ing platelets” function was associated with
higher venous TSS (P= 0.03). Col/Epi assay
was normal in 29% of the patients on chronic
low daily doses of 81 mg aspirin. This finding
suggests a daily dose of 325 mg aspirin may
be more eftective for thromboprophylaxis at-
ter pancreas transplantation [237]. Some trans-
plant centers have also used aspirin at a daily
dose of 325 mg in their thrombosis prevention
protocol [7, 11, 21, 31-33, 39]. Although daily
doses of 75 to 825mg of aspirin are defined as
low doses [897, there is a concern about the
bleeding risk with higher doses of aspirin in
this range. In a systematic review of studies
for cardiovascular thrombosis prophylaxis,
McQuaid et al. stated that a higher range of
low-dose aspirin (162.5 to 325 mg daily) did
not increase the relative risk of intracranial,
gastrointestinal or any other forms of major
bleedings comparing with lower range of low
daily doses of aspirin (75 to 162.5 mg daily). In

this systematic review, these doses ranges of
aspirin were compared with placebo for bleed-
ing risks [40]. Conversely, a systematic review
that compared clinical outcomes and bleed-
ing risk of aspirin daily doses of less than 160
mg versus 160 mg or higher in patients with
the acute coronary syndrome who underwent
coronary stent insertion or medical treatment
tfound no improvement in the clinical outcomes
with higher doses of aspirin. In contrast, ma-
jor bleeding happened more commonly in the
tirst month after acute coronary syndrome in
medically treated patients, but not in coronary
stent-inserted subjects, with higher than lower
aspirin doses (4% versus 1.7%) [41]. Prospec-
tive comparative studies are needed to deter-
mine the most effective doses of aspirin with
the least bleeding risk as thromboprophylaxis
after pancreas transplantation.

Warfarin

Warfarin has been used as a part of the throm-
boprophylaxis regimen after pancreas trans-
plantation in a few transplant centers [26, 287].
Wartfarin seems ineffective due to its delayed
onset of action, while graft thrombosis usually
occurs more often three days after pancreas
transplantation [227. Warfarin could be used
in patients with a known or suspected hy-
percoagulability state or to treat thrombosis
events. Other than these conditions, the risk of
bleeding probably outweighs any benefits [5,
157. Using different tools as predictors for an-
ti-coagulation, individualization of antithrom-
botic therapy after pancreas transplantation
has been studied in different articles. A recent
retrospective study by Gopal and associates
suggested using a thromboelastogram (TEG)
to guide anti-coagulation after SPK trans-
plantation. That study compared the incidence
of partial pancreas thrombosis, graft loss due
to thrombosis, and bleeding complications of
TEG versus conventional coagulation tests
(CCT) directed anti-coagulation in 68 SPK
transplant recipients. The thromboprophy-
laxis protocol consisted of an initial 100 U/
hr of heparin infusion titrated up to a maxi-
mum of 500 IU/hr guided by TEG results or
clinical and laboratory parameters in the CCT
group. This regimen is followed by 2500 or
5000 IU heparin subcutaneously, twice daily
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during hospitalization, and LMWH once
daily at discharge until six weeks post-trans-
plantation. After that, aspirin 75 mg daily was
continued indefinitely. Ten percent of grafts
(7 pancreases and 4 kidneys) were lost due to
thrombosis in the CCT group, while no graft
loss was due to thrombosis in the TEG group
(P=0.06). The rate of partial thrombosis in
the pancreas graft vasculature was 41.18% in
the TEG group and 25.50% in the CCT group
(P=0.23). The incidence of anti-coagulation-
related bleeding was 17.65% and 45.10% in
the TEG and CCT groups, respectively (P=
0.05) [187. Using the TEG guide in Vaidya et
al. the study showed that 34% of the patients
undergoing pancreas transplantation require
therapeutic anti-coagulation to prevent graft
thrombosis [257]. Additionally, Burke ez al.
performed intra-operative TEG to evaluate
the patient’s coagulation status and individu-
alize I'V heparin bolus from 0 to 5000 U prior
to clamping off. In their experience, only one
pancreas graft was lost due to thrombosis (1%)
in the first week following transplantation

73

DISCUSSION

Pancreas graft thrombosis, especially early
after transplantation surgery, remains a chal-
lenging problem. Due to the lack of random-
1zed controlled trials, insufficient evidence ex-
ists to ensure the best pharmacologic regimen
for thrombosis prevention in pancreas trans-
plant recipients. According to the available
retrospective observational studies, low-dose
aspirin in 75 to 325 mg daily is a common
part of thromboprophylaxis regimens in most
transplant centers. Although limited data sup-
ports more effective antiplatelet action of the
upper limit of this aspirin dosing range, there
are concerns regarding bleeding risk with
doses in the upper mid-range of low doses of
aspirin. Safety data derived from studies on
cardiovascular prophylaxis indication com-
paring major bleeding risk with a lower- and
upper-mid range of low doses of aspirin is re-
assuring. However, randomized controlled tri-
als in pancreas transplant patients are needed
to find the best dose of aspirin, balancing ef-

Thromboprophylaxis and Pancreas Transplantation

ticacy and safety for thromboprophylaxis in
this population. Continuing aspirin admin-
istration after hospital discharge is common
among pancreas transplant teams, varying
from three months to life-long.

Regarding the role of anticoagulant drugs in
preventing pancreas allograft thrombosis, al-
though there are some doubts, it seems that in-
traoperative heparin administration decreases
the risk of pancreas allograft thrombosis
without an increase in the bleeding risk. Post-
operative IV or SC heparin administration is
essential to current thromboprophylaxis regi-
mens after pancreas transplant surgery while
the patient is homeostatically stable. Accord-
ing to the available retrospective data, add-
ing prophylactic doses of heparin appears to
be more eftective than low-dose aspirin alone
without an increase in the risk of hemorrhage,
especially if PTT remains below 50-60 sec-
onds. In pancreas transplantation, sometimes
LMWH has been substituted for heparin.
LMWH has been effective for thrombopro-
phylaxis, but dose adjustment of LMWH ac-
cording to renal function, especially early af-
ter SPK transplantation, is challenging. Some
transplant centers continue the injectable an-
ticoagulant for several weeks after patients'
discharge. The need for this prophylaxis and
stratifying patients to continue thrombopro-
phylaxis with heparin and/or aspirin at home
require more studies.

Wartfarin is a less frequently used antico-
agulant for graft thrombosis after pancreas
transplantation, and it should be reserved for
patients with a known or suspected hyperco-
agulability state or the treatment of thrombo-
sis events. There is no data on the use of direct
oral anticoagulant agents to prevent thrombo-
sis after pancreas transplantation.

In conclusion, low-dose aspirin in the range of
75 to 325 mg daily is a standard part of throm-
boprophylaxis regimens in most pancreas
transplant centers. In addition, intraoperative
heparin administration seems to decrease the
risk of pancreas allograft thrombosis without
an increase in the bleeding risk. Postoperative
IV or SC heparin administration is essential
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to current thromboprophylaxis regimens at-
ter pancreas transplant surgery while the pa-
tient is homeostatically stable. LMWH has
been effective for thromboprophylaxis, but
dose adjustment of LMWH according to re-
nal function, especially early after SPK trans-
plantation, is challenging. Warfarin is a less
trequently used anticoagulant for graft throm-
bosis after pancreas transplantation, and it
should be reserved for patients with a known
or suspected hypercoagulability state or the
treatment of thrombosis events. There is no
data on direct oral anticoagulant drugs for
thromboprophylaxis among pancreas trans-
plant recipients.
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