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Abstract
Although the perioperative bleeding complications and 
the major side effects of blood transfusion have always 
been the primary concern in liver transplantation 
(OLT), the possible cohesion of an underestimated 
intrinsic hypercoagulative state during and after the 
transplant procedure may pose a major threat to both 
patient and graft survival. Thromboembolism during 
OLT is characterized not only by a complex aetiology, 
but also by unpredictable onset and evolution of the 
disease. The initiation of a procoagulant process may 
be triggered by various factors, such as inflammation, 
venous stasis, ischemia-reperfusion injury, vascular 
clamping, anatomical and technical abnormalities, 
genetic factors, deficiency of profibrinolytic activity, 
and platelet activation. The involvement of the arterial 
system, intracardiac thrombosis, pulmonary emboli, 
portal vein thrombosis, and deep vein thrombosis, 
are among the most serious thrombotic events in the 
perioperative period. The rapid detection of occlusive 
vascular events is of paramount importance as it 
heavily influences the prognosis, particularly when 
these events occur intraoperatively or early after 
OLT. Regardless of the lack of studies and guidelines 
on anticoagulant prophylaxis in this setting, many 
institutions recommend such an approach especially 
in the subset of patients at high risk. However, the 
decision of when, how and in what doses to use the 
various chemical anticoagulants is still a difficult task, 
since there is no common consensus, even for high-
risk cases. The risk of postoperative thromboembolism 
causing severe hemodynamic events, or even loss 
of graft function, must be weighed and compared 
with the risk of an important bleeding. In this article 
we briefly review the risk factors and the possible 
predictors of major thrombotic complications occurring 
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in blood losses. Currently, not only is the number of 
liver recipients who undergo massive transfusions 
steadily decreasing but clinical evidence has also 
emerged to support the opposite trend, attesting to 
a possible cohesion of an underestimated intrinsic 
hypercoagulative state during and after the transplant 
procedure. The better definition and understanding 
of the so called re-balanced haemostatic system in 
end-stage liver disease has in fact underlined the 
substantial risk of developing perioperative thrombotic 
complications that is present in certain liver recipients[2]. 

Thrombotic events, although much more less 
frequently encountered than bleeding complications, 
deserve special attention because they pose a major 
threat to both patient and graft survival.

Fortunately, in the majority of institutions, the strict 
and continuous point-of-care, perioperative monitoring 
of haemostasis has led to the abandonment of tradi-
tional attempts to prophylactically reverse perioperative 
abnormal coagulation tests. An on-demand strategy of 
coagulation factor transfusion is, in fact, safe and allows 
for a restrictive transfusion policy. 

It has to be underlined that surgical factors and 
abilities make critical contributions to the minimisation 
of blood loss. Operative approaches aiming at 
preventing splanchnic organ stasis, careful handling 
of perihepatic inflammatory adhesions, and the 
maintenance of meticulous haemostasis of damaged 
collateral vessels originating from portal and splanchnic 
hypertension may result in a substantial proportion 
of patients who receive transplants without any need 
for coagulative blood products. Furthermore, surgical 
technique and skill are among the central determinants 
of the intraoperative release of tissue factor, which, 
in association with possible related technical defects, 
undoubtedly contributes to OLT-related vascular 
thrombosis[3].

Risk of thRomboembolism in olt
Thromboembolism during OLT is complex in aetiology 
and unpredictable in onset and evolution. The initiation 
of a procoagulative process may be triggered by 
abnormal thrombin generation and platelet function, 
along with a lack of efficacy of the profibrinolytic 
system. Secondary to cirrhosis, pro- and anti-coa-
gulants make up an unstable balance, and several 
factors inherent to the procedure of transplantation 
can promote a hypercoagulable state[2]. 

Liver-related vascular thrombosis, such as portal 
vein thrombosis and hepatic artery thrombosis, 
systemic thromboembolic processes, and the formation 
of thrombi in the central venous and pulmonary 
circulation, are among the reported causes of either 
graft failure or life-threatening adverse events (Table 1).

Various transplantation-related triggers, such as 
surgical damage, the release of activators from the 
donor liver, blood stasis, and systemic inflammatory 
responses, can activate coagulation or induce platelet 
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in the perioperative period, as well as their incidence 
and clinical features. Moreover, the indications to 
pharmacological prophylaxis and the current treatment 
strategies are also summarized.
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Core tip: Data from many transplant centers demon-
strate an underlying hypercoagulative state during 
liver transplantation. A dysfunctional hypercoagulable 
condition may persist for a variable time period after 
the transplant procedure. Occlusive vascular events 
deserve special attention because they pose a major 
threat to both patient and graft survival. Regardless 
of the lack of definitive guidelines on postoperative 
preventive antithrombotic treatment, many institutions 
recommend prophylactic anticoagulation in liver 
recipients at high risk of vascular thrombotic events. 
The present paper reviews the characteristics and risk 
factors of thrombotic complications after liver tran-
splantation; in addition it presents valuable information 
on the relevance of pharmacologic thromboprophylaxis.
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intRoDUCtion
Liver transplantation (OLT) has become a particularly 
successful therapy for patients with end stage 
liver disease. Innovations in surgical techniques, 
anaesthesiological approaches and post-operative 
care, along with improvements in immunosuppressive 
regimens, have led to 80%-90% one-year survival 
rates for transplant recipients and satisfactory long-
term overall outcomes[1]. 

Perioperative bleeding complications in liver 
transplantation and the major side effects of blood 
transfusion have always been the primary concern 
accompanying this procedure, as surgery includes 
native liver dissection and removal under conditions 
of deranged coagulation, portal hypertension, and 
diffuse collateral venous flow. However, improved 
surgical skill during hepatic dissection, the introduction 
of modern devices for the prompt haemostasis of 
the small vascular structures, a dedicated, protocol-
guided, anaesthesia care team, and intraoperative 
continuous monitoring and treatment of coagulative 
abnormalities have contributed to an important decline 



activation. Other factors capable of increasing the 
thrombotic risk include clamping (total or partial) of 
the vena cava or portal vein, ischemic insults to the 
intestine, liberation of splanchnic infectious mediators, 
injury to a large capillary bed, release of tissue throm-
boplastin and use of venovenous bypass (Table 2).

A causative role of venovenous bypass in the 
development of thrombosis has been suggested, as the 
exposure of blood to the foreign surface of the tubing 
system is a well-known trigger activating coagulation, 
despite any heparin coating. However, some authors 
have suggested that, by reducing the stasis of blood in 
the inferior vena cava and splanchnic region during the 
anhepatic phase, venovenous bypass can reduce the 
risk of thrombus formation[3].

Perioperative thromboembolic complications can 
also occur after the migration of thrombi produced 
around pulmonary artery catheter or venous catheters 
or originating from a transjugular intrahepatic porto-
systemic shunt (TIPS)[3,4]. Additional factors include the 
excessive use of haemostatic agents (i.e., fresh-frozen 
plasma, anti-Vitamin K agents, platelets, recombinant 
factor Ⅶa and antifibrinolytic drugs). Microthrombosis 
of the pulmonary circulation has also been attributed 
to platelet aggregates that are activated in the liver 
graft during reperfusion[4,5].

The impaired clearance of activated coagulation 
factors with gradual increases in the thrombin-antith-
rombin-Ⅲ complex, excessive activation of coagulation 

and consumptive coagulopathy may also be caused by 
a decreased hepatic blood flow or the poor recovery of 
a new graft. High pulmonary artery pressures, haemo-
dynamic instability, and increased levels of serum 
lactate have also been recognised as intraoperative 
factors predisposing to thrombotic complications[6]. 

An enhanced haemostatic capacity not only related 
to an altered local flow dynamics but also to various 
acquired and genetic thrombotic risk factors may be 
observed in patients with Budd-Chiari-syndrome, pre-
existing portal vein thrombosis, pelvic and deep leg 
vein thrombosis, Factor V-Leiden (APC resistance), 
protein C deficiency, primary biliary cirrhosis, primary 
sclerosing cholangitis, and malignant liver tumors[7]. 

The incidence, distribution, and severity of hyper-
coagulative state with associated complications in 
liver transplant recipients are still unknown. Krzanicki 
et al[8] by retrospectively reviewing the database of 
intraoperative thromboelastography (TEG) of 124 
liver transplant recipients, observed a high rate 
of hypercoagulation in patients with cholestatic 
pathologies (42.9%) and with primary biliary cirrhosis 
(85.7%), in those with primary sclerosing cholangitis, 
and in those fulminant hepatic failure (50%) and non-
alcoholic steatohepatitis (37.5%).

intRaCaRDiaC thRombosis anD 
pUlmonaRy emboli DURing olt
Although the estimated incidence of intracardiac 
thrombosis (ICT) and/or pulmonary emboli (PE) is 
low (reported ranges from 1.2% to 6.2%)[6], these 
serious complications are an often-overlooked cause 
of mortality during adult liver transplantation that can 
occur in any phase of the transplant. As reported by 
Lerner et al[9], approximately 30% of the cases were 
noted during the preanhepatic phase versus over 30% 
during the anhepatic and the reperfusion phase of the 
procedure.

In a review by Warnaar et al[10], the number of intra-
operative reported episodes up to 2006 was 74, with 
PE alone in 32 patients (43%) and a combination of 
PE and ICT in 42 patients (57%). In the retrospective, 
single-centre review by Cherian et al[11], out of 
approximately 3000 OLTx performed from 1982 until 
2007, only 36 patients were suspected of developing a 
PE (incidence rate of 0.37%).

A more recent series by Sakai et al[6] showed that 
the incidence of PE was 4.0% (20 cases). 

Many case reports have been published with 
different onsets, treatment and outcomes. Most of the 
ITC and PE during OLT occurred within a few minutes 
after graft reperfusion[12].

The lower rate of ITC and PE observed in previous 
studies may be due to the absence or very infrequent 
use of intraoperative transoesophageal echocar-
diography (TEE), which could have helped to identify 
ITC and/or PE as a possible cause of sudden serious 
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Table 1  Perioperative thromboembolic events in liver 
transplantation

Arterial complications
Intraoperative hepatic artery thrombosis
Early postoperative hepatic artery thrombosis
Coronary artery thrombosis
Peripheral arterial occlusion
Intracardiac thrombosis
Pulmonary emboli
Paradoxical air/thromboembolism
Early portal vein thrombosis/re-thrombosis
Post-orthotopic liver transplantion deep vein thrombosis and inferior 
vena cava thrombosis

Table 2  Major risk factors for perioperative thromboembolic 
events in liver transplant

Abnormal thrombin generation
Defective profibrinolitic system due to elevated plasminogen activator 
inhibitor 1 endothelial type levels
Platelet activation from venous stasis or inflammation
Intestinal ischaemia and liberation of infectious mediators
Tissue thromboplastin release
Vascular clamping/unclamping
Platelet aggregates and microthrombosis around catheters
Severe ischaemia-reperfusion phenomena
Veno-venous by-pass
High pulmonary artery pressure
Anatomical and/or technical causes
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plication that develops more frequently in the 
paediatric population due to their smaller vessel 
diameters[18]. In adults, anatomic abnormalities of 
either native or graft hepatic arteries, multiple donor 
arteries requiring reconstruction, and thrombophilia 
have been implicated.

Mechanical factors, including internal flaps, 
prolonged clamping of the hepatic artery during the 
performance of the anastomosis, the kinking of a 
long artery, and intra-arterial haematoma predispose 
for the unexpected abrupt development of hepatic 
artery thrombosis[18]. Other attributable factors include 
poor arterial flow, increased sinusoidal resistance, 
preservation injury and an imbalance in the coagulation 
factors, predisposing to hypercoagulability[18,19]. The 
diagnosis is confirmed by hepatic artery palpation or 
intraoperative Doppler ultrasonography. Immediate 
surgical arterial thrombectomy and/reconstruction are 
fundamental to restoring graft function.

eaRly postopeRative hepatiC 
aRteRy thRombosis
Thrombosis of the hepatic artery (HAT) can occur both 
early and/or months after the transplantation. The 
reported incidence of HAT ranges between 2.5% and 
6% in adults and 15%-20% in children[18]. Early HAT 
may frequently occur when laboratory values indicate 
an incomplete recovery of graft function, suggesting 
the presence of a hypocoagulable state. Children are 
more susceptible to the development of HAT due to the 
small arterial vessels, split procedures, and involuntary 
development of a high haematocrit[19].

Although, in many cases of HAT, no anatomical 
or technical causes can be identified, the following 
conditions are among the prominent predisposing 
factors: graft oedema due to poor initial graft function, 
multiple recipient arteries, coeliac trunk stenosis, 
lienalis steal syndrome, injury of the intima of the 
donor hepatic artery, previous transarterial chemoem-
bolisation, split and living related liver transplantation, 
aneurysm of the donor hepatic artery, aberrant 
arteries with fragile intima and long backtable arterial 
reconstruction before implantation[20,21]. Additional risk 
factors include increased blood product transfusion 
during transplant procedure, aortohepatic grafting, 
the need for infrarenal aorta vascular extension with 
respect to the use of supracoeliac aorta, and the pre-
sence of portal vein thrombosis before transplant[20-22].

A reduction in postanastomotic hepatic artery flow 
after revascularisation has been considered one of the 
most important predictors of early HAT after OLT[23].

A transient state of hypercoagulability, mainly 
postoperative hypercoagulability (e.g., due to un-
necessary excessive fresh frozen plasma or platelet 
administration), especially when associated with 
anatomical or technical abnormalities, can particularly 
act to precipitate HAT[24].

haemodynamic derangement.
The suggested association between intraoperative 

PE and ICT and the use of antifibrinolytic drugs 
remain controversial and have not been completely 
demonstrated[11,13].

In the review by Cherian et al[11] of 74 patients 
with PE and/or ICT, 34 (46%) did not receive any 
antifibrinolytic drugs; in various other cases, antifibri
nolytics were not implicated[9]. The case reports of 
patients who developed an intraoperative PE and/or 
ITC when aprotinin was given[14] have led to criticisms 
of the clinical safety of aprotinin. However, Warnaar 
et al[15] in a retrospective analysis of 1492 patients, 
demonstrated that intraoperative treatment with 
aprotinin was not associated with a significantly 
increased risk of postoperative thromboembolic events 
in comparison with controls.

Very rarely in liver recipients with porto-pulmonary 
syndrome or as a consequence of severe post-
reperfusion pulmonary arteriolar severe vasocon-
striction or pulmonary emboli, an abrupt increase 
in pulmonary artery pressure and right ventricular 
pressure can develop. In the presence of a significant 
increase in the right atrial pressure, an intra-atrial 
patent septum or foramen ovale may facilitate the 
passage of air bubbles from the right heart into 
the systemic circulation. Paradoxical air emboli and 
thromboemboli may thus be distributed to the terminal 
arteriolar bed of the brain and heart[16].

Serious ITC and PE manifest intraoperatively 
with systemic hypotension associated with increased 
pulmonary artery pressure or persistent haemody-
namic instability not responding to supportive therapy. 
The combination of haemodynamic compromise 
and TEE imaging allows for a correct diagnosis. The 
identification of ITC with TEE is quite easy, but the 
identification of clots in the peripheral pulmonary 
arterial tree is almost impossible. 

The overall mortality in the reported cases is 
high (from 45% to 68%), and better survival rates 
have been observed when aggressive cardioactive 
therapies and thrombolysis are immediately initiated. 
Thrombolytic therapy with recombinant tissue 
plasminogen activator (rTPA), despite the increased 
risk of significant haemorrhage, may reduce the 
mortality of patients with massive pulmonary 
embolism, generating superior survival (77%) over 
embolectomy (53%) or heparin[17]. Surgical pulmonary 
embolectomy, despite the potential serious risks 
facing a recipient with end-stage cirrhosis, has also 
been performed in such cases, generating more 
favourable results and complications than aggressive 
haemodynamic support alone[10].

intRaopeRative hepatiC aRteRy 
thRombosis
Acute thrombosis of the hepatic artery is a com-
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Postoperative cytomegalovirus infection, which 
leads to endothelial cell activation and increased 
platelet reactivity, has been associated with an in-
creased risk of HAT[25]. 

Early HAT typically leads to the ischaemia/necrosis 
of the graft. Unexpected dramatic increases in transa-
minases associated with a decrease in the bile flow and 
lightening of the bile colour, fever and haemodynamic 
impairment (septic-like syndrome) are typical signs of 
diffuse hepatic cell necrosis from early HAT[21].

Biliary complications (intrahepatic biliomas and 
biliary stenosis) with the preservation of graft function, 
represent signs of late HAT. Ischemic insults can, in 
fact, induce direct injury to the cholangiocytes and/or 
damage to the arterioles of the peribiliary vascular 
plexus. These microcirculatory disturbances lead to the 
apoptosis and necrosis of the cholangiocytes, resulting 
in the formation of strictures, biliary apoptosis, 
necrosis, and cholangitis[20,21].

In liver recipients at risk for HAT, thrombopro-
phylactic strategies with heparin followed by aspirin 
are beneficial, particularly in children. Sufficient 
anticoagulation is most significantly mandatory during 
the early postoperative period, despite its increased 
risk of postoperative haemorrhage. The risk of late 
HAT seems to be substantially decreased in patients 
receiving aspirin (3.6% vs 0.6%), suggesting a 
potential role of excessive platelet activation in the 
aetiology of this complication[26].

The early detection and prevention of HAT is of 
utmost importance, as these factors can heavily 
influence the prognosis of patients, particularly when 
found early after OLT. When not associated with 
“evident” graft failure, these features invariably involve 
the biliary strictures due to bile duct ischaemia. 

Doppler ultrasounds of the hepatic artery and MRI 
angiography are effective for the diagnosis of early 
postoperative arterial stenosis and thrombosis.

Treatment of early HAT relies rarely on interventional 
radiological thrombolysis, on surgical thrombectomy, 
and sometimes on reconstruction as the definitive 
therapy. A late diagnosis of HAT or a failed surgical 
approach may require urgent re-transplantation[27].

Treatment of early HAT relies rarely on interven-
tional radiological thrombolysis; surgical thrombectomy 
and sometimes anastomotic arterial reconstruction are 
the definitive therapy.

Portal vein thrombosis
Portal vein thrombosis (PVT) has been reported to 
occur in 4.9% to 10.6% of liver recipients, with the 
highest incidence occurring in the paediatric living 
donor population receiving left-side grafts[28,29].

Postoperative PVT may be partial, if there is 
some preservation of portal flow, or complete, if the 
occlusion involves the entire lumen. PVTs can emerge 
in the transplanted patients early after OLT, with 
marked clinical and biochemical signs, or at a variable 

time in the long-term course, with more subtle 
manifestations.

One important risk factor for the development of 
postoperative PVT is the presence of preoperative PVT, 
which is frequently associated with cirrhosis and liver 
cancer. However, this association is still controversial 
and has not consistently been demonstrated. In 
a report by Enestvedt et al[30], patients with pre-
operative PVT who did not have a higher rate of post-
operative thrombotic events showed no adversely 
impacted patient survival after OLT. 

Previous studies have shown that the incidence 
of early post-OLT rethrombosis in liver recipients 
with native PVT ranged from 5% to 21%[31]. In more 
recent data, the incidence of post-OLT portal vein 
rethrombosis after previous portal vein thrombectomy 
was found to be highly variable (6% to 40%)[32,33].

The preoperative extent of a thrombus within the 
portal venous bed is the main determinant of post-
reperfusion portal flow, guiding both the risk and 
the speed of portal vein re-thrombosis. Patients with 
complete PVT with extension throughout the portal 
venous bed were once excluded from receiving an 
OLT[31]. Currently the decision to include among OLT 
candidates those with a diffuse preoperative PVT is 
based on both the centre’s expertise and the surgeon’s 
skill and decision.

Optimal perfusion of the portal vein is very 
important during the early postoperative period, and 
factors causing a steal phenomenon (e.g., previous 
splenectomy, or large collaterals) may decrease the 
portal vein blood flow.

Other risk factors for post-transplant PVT include 
severe pre-transplant portal hypertension, other 
treatments for portal hypertension (e.g., TIPS, 
portocaval shunt, splenectomy, and splenic vein 
embolisation), hypoplastic portal veins, mismatches 
in the size of the donor and the recipient portal 
vein, severe graft oedema, and large portosystemic 
collaterals[22]. Any injury to the portal vein wall (intimal 
injury) caused by a previous thrombectomy may also 
predispose to PVT, as well as any technical factors 
leading to redundancy, kinking, torsion, and stenosis 
at the site of the anastomosis[34].

Liver transplant recipients with significant preope-
rative portal vein occlusion, apart from their increased 
risk of rethrombosis, seem to be affected by a higher 
rate of serious postoperative complications and have 
a higher mortality[34]. Sharma et al[35] compared the 
incidence of postoperative complications in 78 recipients 
with PVT (study group) with a random sample of 78 con-
temporaneous recipients without PVT (control group). 
In the study group, the rate of primary non-functioning 
was significantly higher than in control group (9.0% 
and 1.3%, p = 0.063), with retransplantation rates of 
17.9% and 7.7%, respectively (p = 0.055).

Early PVT causes severe graft ischaemia, ascites 
and increased portal vein pressure. Hepatic infarction 
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may develop, even in the absence of arterial compro-
mise[36]. Irreversible graft loss mandates the need for 
emergency retransplantation (when possible). The 
clinical signs of early PVT parallel those of ingravescent 
allograft dysfunction, which can lead to haemorrhage, 
haemodynamic instability, intestinal ischaemia, and 
higher associated mortality[20]. A delayed onset of PVT 
is often not associated with severe graft failure but 
instead determines unavoidable portal hypertension. 
Frequent Doppler ultrasonography in the immediate 
postoperative period is essential to the early detection 
of PVT, especially in patients who have had a previous 
PVT. MRIangiography and CT scans can confirm the 
diagnosis.

Percutaneous treatment of post-OLT PVT, with 
mechanical and/or pharmacologic thrombolysis, has 
been attempted, but the favourable results are mostly 
described in case reports.

Cherukuri et al[37] reported a successful transjugular 
approach on postoperative day 10 following OLT 
with an overnight infusion of urokinase, followed 
by a pushing of the residual clot into a competitive 
splenorenal shunt. Mechanical fragmentation of a 
portal vein thrombus with contemporaneous use of 
urokinase and subsequent stent positioning has also 
been described[38].

However, percutaneous interventions, thrombolysis, 
and systemic heparinisation are not always effective 
alternatives to surgery. Immediate reoperation with 
acute thrombectomy or surgical resection followed 
by direct anastomosis with/without a venous graft, is 
frequently the most successful option.

Early post-operative anticoagulation with a short 
course of heparin should be recommended in high 
risk liver recipients with an underlying prothrombotic 
state, and especially in those undergoing caval 
transposition and “non-anatomical” procedures[39]. 
Patients with the persistence of a prothrombotic state 
not reversed by transplantation should receive long 
term anticoagulation (e.g., with antiVit K agents). The 
effect of low dose aspirin on the prevention of PVT or 
rethrombosis is still not defined[40]. 

post-olt Deep vein thRombosis anD 
infeRioR vena Cava thRombosis
Deep vein thrombosis (DVT) is a rare post-transplant 
complication, with a reported incidence of < 3% in 
previous studies and between 3.5% and 8.6% in more 
recent series[41-43].

Major risk factors for postOLT deepvein thrombosis 
include venous stasis due to prolonged immobilisation, 
the development of a hypercoagulable state as a 
result of an aggressive surgery, the administration of 
excessive procoagulant factors, lupus anticoagulant, 
and the prolonged maintenance of indwelling femoral 
vein catheters[43]. 

An apparently well-functioning graft may also 

synthesise abnormal proteins that could increase the 
risk for thrombosis.

It is worth noting that some defects in the proteins 
involved in the regulation of anticoagulation (inherited 
antithrombin, protein C or protein S deficiency, the 
factor Ⅱ G20210A mutation) can also be transmitted 
through liver grafts from donors to recipients[44,45].

Recurrent deepvein thromboses have been 
described in patients with “acquired” activated protein 
C resistance caused by a homozygous factor V Leiden 
gene mutation in a donor liver and in a liver recipient 
with a heterozygous protein C deficiency associated 
with dysfibrinogenaemia[45].

Liver-transplanted patients who receive a graft 
from a donor who was not screened for thrombophilic 
abnormalities are most likely not diagnosed as having 
a prothrombotic tendency until the first thrombotic 
episode occurs. In fact, screening for prothrombotic 
abnormalities is very rarely performed emergently 
before cadaveric transplantation. On the contrary, 
living-donor liver transplantation, which is a scheduled 
procedure, generally includes donor screening for 
genetic thrombophilic abnormalities.

In a retrospective review of 917 patients over 15 
years, Salami et al[42] reported a 4.58% incidence of 
venous thromboembolism occurring up to 1 year after 
OLT. Twelve (1.31%) patients had pulmonary emboli 
and DVT originating from both the upper and lower 
extremities. Upper extremity DVT is infrequently or not 
reported in this setting, even though liver recipients 
who need large bore catheters into the subclavian 
or internal jugular veins for a long time could easily 
develop this complication. Upper extremity DVT seems 
to be a risk factor for PE comparable with that of the 
lower extremities DVT, and with a similar, or even 
higher, mortality[46,47].

Doppler ultrasound is the preferred method for 
detecting a venous thrombosis. 

In the presence of either upper or lower extre-
mity DVT, therapeutic doses of LMWH should be 
administered, followed by oral anticoagulant therapy. 
Liver recipients with major risk factors for bleeding are 
candidates for to inferior vena cava filter insertion. This 
device is also essential in those who require urgent 
surgery that precludes anticoagulation and in cases of 
combined DVT and PE. 

RelevanCe of phaRmaCologiC 
thRombopRophylaxis afteR olt
Owing to the risks of bleeding and coagulopathy, 
antithrombotic prophylaxis to prevent DVT, HAT, 
PVT or PE is not routinely used in the immediate 
postoperative period. Clinical practice and laboratory 
data demonstrate that the normalisation of a stable 
haemostatic system by a new liver may take some 
time; furthermore, thrombocytopenia may persist for 
weeks. However, it has been shown that end-stage 
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cirrhotic patients may be at risk of DVT and PE, and 
some subset of liver recipients are at a very high risk 
of vascular thrombotic complications. For this reason, 
regardless of the lack of studies and guidelines on 
prophylactic anticoagulation in this setting, many 
institutions recommend such an approach in very 
particular circumstances[34]. The most difficult task 
is the decision of when, how and at which dose 
to use chemical anticoagulants, as no consensus 
exists, even in special high-risk situations. The risk of 
postoperative thromboembolism causing either serious 
haemodynamic events or loss of graft function needs 
to be weighed against the risk of bleeding. Bleeding 
complications may lead to intra-abdominal hematomas, 
graft dysfunction, infections, haemodynamic instability, 
renal dysfunction, or the need for the transfusion 
of blood products. Postoperative anticoagulation 
may preclude or delay urgent re-operations or other 
procedures, such as biopsy, endoscopy, and drainage 
insertion[48].

Patients who mostly benefit from routine throm-
boprophylaxis are those with recognised thrombophilia 
(as in Budd-Chiari syndrome) or those receiving 
massive amounts of fresh frozen plasma, platelet 
transfusions, or fibrinogen intraoperatively, especially if 
the recovery of graft function is rapid (Table 3).

Another group who should be considered for 
routine thromboprophylaxis consists of living donor 
transplants, paediatric transplants, pretransplant PVTs, 
recipients of grafts with reconstructed donor arteries, 
or those with complicated anastomosis at the portal 
site or difficult portal vein thrombectomy[49].

The value of a decreased PT, prolonged aPTT or 
increased INR as a predictor of hypocoagulability 
remains unclear after OLT, and some patients go on 
to develop a hypercoagulable state as a result of 
diminished anticoagulant and fibrinolytic activity. In 
addition to laboratory tests, the point-of-care monitoring 
of coagulation by ROTEM/TEG or other devices may 
help physicians to better identify “real-time” coagulation 
profiles.

In general, whether to administer prophylaxis 
depends on the clinical status of the patient, whereas 

the clinical presentation of any specific thrombotic 
event dictates the degree of anticoagulation required. 
A recent paper by Mukerji et al[48] advises not to begin 
anticoagulation until the posttransplant INR is above 
1.5 to 2 and the platelet count is below 50000. 

Paediatric patients or those with preoperative 
PVT, diabetes, obesity, hepatic cancer and a high 
cardiovascular risk may benefit from more intensive 
thromboprophylactic treatments. 

These pharmacological strategies mainly rely on 
IV LMWH heparin and the combination of heparin plus 
aspirin. The risk/benefit of each approach must also be 
evaluated in relation to the distance from surgery, the 
protein synthetic function of the graft, and the possibility 
of strictly monitoring the pharmacologic effects of the 
drug. Assessing the efficacy of thromboprophylaxis 
is, in fact, difficult because the monitoring of antiXa 
activity may be unpractical; that of protein C, S, and 
antithrombin postoperatively produced, defective; and 
that of platelet function, unknown.

The administration of antithrombotic drugs in high-
risk OLT recipients requires careful watching, as the 
anticoagulation efficacy in the presence of both graft 
and distant organ dysfunction may be unpredictable. 

For example, a reduction in the dosage of LMWH 
is recommended because LMWH has demonstrated 
an increased anticoagulant potency in patients with 
cirrhosis[50]. Heparin, which enacts its anticoagulant 
activity by virtue of the enhancing effect provided by 
antithrombin, may display wide variations in activity 
depending on the graft synthesis of antithrombin. In 
addition, in the presence of renal dysfunction, heparin 
may accumulate, leading to the need for frequent dose 
adjustments.

In the study by Shay et al[51] post-transplant prophy-
laxis with 325 mg daily of aspirin was associated with 
a significantly lower incidence of early HAT and a 
non-significant lower incidence of PVT. As previously 
mentioned, the effectiveness of antiplatelet prophylaxis 
in reducing the incidence of Hat was also demonstrated 
by Vivarelli et al[26].

Combination therapy with i.v. heparin or LMWH plus 
aspirin has also been proposed to prevent early events 
in individuals at a high risk of PVT or HAT. The use of 
bivalirudin in a patient with Budd-Chiari syndrome who 
required post-OLT anticoagulation and with a history 
of heparin-induced thrombocytopenia was reported by 
Anderegg et al[52].

P2Y12 blockers (such as clopidogrel) and/or aIIbb3 
blockers (such as abciximab), as well as thrombin 
inhibitors and inhibitors of activated factor X, such 
as dabigatran and rivaroxaban, have been proposed 
to prevent post-transplant arterial thrombosis. 
However, the lack of established reversal agents, their 
mechanism of clearance via the kidneys or liver, the 
risk of excessive anticoagulation in the immediate 
postoperative period, and unknown dose regimens 
have led to their very scarce consideration for the 
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Table 3  Major indications for post-orthotopic liver trans-
plantion thromboprophylaxis

Thrombophylic states

Excessive intraoperative administration of procoagulant factors
Split and living donor transplant
Small arteries or reconstructed arteries
Pre-transplant portal vein thrombosis
Complicated vascular anastomosis
Decreased portal vein blood flow
Hypoplastic portal vein
Caval transposition and “non-anatomical” procedures
Poor arterial flow
Multiple recipient arteries
Infrarenal aortohepatic grafting
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purpose of thromboprophylaxis.
The use of an implantable pump into the portal 

vein with the purpose of preventing and treating any 
rethrombosis of the portal vein after OLT has been 
reported by Shi et al[53] Using a minitype implantable 
pump that was implanted through the right gastro-
epiploic vein and had an extracorporeal tip on the skin 
surface slightly below the right costal arch, the authors 
delivered 250 U/kg of heparin every 24 h. The rate 
of rethrombosis in the portal vein was significantly 
lower than the rate of PVT among patients without 
an implantable pump. The implantable pump in their 
series significantly reduced the rate of relaparotomy or 
retransplantation and the in-hospital mortality rates.

ConClUsion
Despite the traditional belief that a prolonged PT 
and APTT suggest a hypocoagulable state and a 
bleeding tendency, some liver recipients in the early 
postoperative period are prone to developing micro- 
and macro-thrombi within the splanchnic, systemic 
and pulmonary circulation. A dysfunctional coagulation 
system associated with hypercoagulability may persist 
for a variable time period, and some individuals may 
display a normal or even higher thrombin generation 
capacity[1].

It is worth noting that patients who are examined 
with conventional coagulation tests may not have their 
potentially reduced level of anticoagulant proteins be 
detected; more sophisticated investigations are often 
necessary. The delayed recovery of the anticoagulant 
proteins along with the normal activity of almost all 
of the procoagulant factors achieved from day 1 to 3 
postoperatively was established several years ago[54].

Because conventional coagulation tests do not 
provide information about the quality or the dynamics 
of clot formation, the correction of postoperative 
coagulation parameters is unjustified unless clinical 
bleeding manifests.

An increasing awareness that hypercoagulability 
may potentially be exacerbated during transplant 
procedures should put physicians on alert for the 
rapid identification of possible predictors of vascular 
thrombosis. This awareness may help with the 
selection of those liver recipients most suitable for 
prophylaxis, a practice that continues to vary widely 
among centres.

RefeRenCes
1 Organ Procurement and Transplantation Network. Annual Report. 

Available from: URL: http: //www.unos.org/2011 annual report
2 Lisman T, Caldwell SH, Burroughs AK, Northup PG, Senzolo M, 

Stravitz RT, Tripodi A, Trotter JF, Valla DC, Porte RJ; Coagulation 
in Liver Disease Study Group. Hemostasis and thrombosis in 
patients with liver disease: the ups and downs. J Hepatol 2010; 53: 
362-371 [PMID: 20546962 DOI: 10.1016/j.jhep.2010.01.042]

3 Shaw BW, Martin DJ, Marquez JM, Kang YG, Bugbee AC, 

Iwatsuki S, Griffith BP, Hardesty RL, Bahnson HT, Starzl TE. 
Venous bypass in clinical liver transplantation. Ann Surg 1984; 
200: 524-534 [PMID: 6385876 DOI: 10.1097/00000658-19841000
0-00013]

4 Gosseye S, van Obbergh L, Weynand B, Scheiff JM, Moulin D, de 
Ville de Goyet J, Otte JB. Platelet aggregates in small lung vessels 
and death during liver transplantation. Lancet 1991; 338: 532-534 
[PMID: 1678799]

5 Sankey EA, Crow J, Mallett SV, Alcock RJ, More L, Burroughs 
AK, Rolles K. Pulmonary platelet aggregates: possible cause of 
sudden peroperative death in adults undergoing liver transplantation. 
J Clin Pathol 1993; 46: 222-227 [PMID: 8463414 DOI: 10.1136/
jcp.46.3.222]

6 Sakai T , Matsusaki T, Dai F, Tanaka KA, Donaldson JB, 
Hilmi IA, Wallis Marsh J, Planinsic RM, Humar A. Pulmonary 
thromboembolism during adult liver transplantation: incidence, 
clinical presentation, outcome, risk factors, and diagnostic 
predictors. Br J Anaesth 2012; 108: 469-477 [PMID: 22174347 
DOI: 10.1093/bja/aer392]

7 Segal H, Cottam S, Potter D, Hunt BJ. Coagulation and fibrinolysis 
in primary biliary cirrhosis compared with other liver disease 
and during orthotopic liver transplantation. Hepatology 1997; 25: 
683-688 [PMID: 9049219 DOI: 10.1002/hep.510250332]

8 Krzanicki D, Sugavanam A, Mallett S. Intraoperative hyperco-
agulability during liver transplantation as demonstrated by 
thromboelastography. Liver Transpl 2013; 19: 852-861 [PMID: 
23696318 DOI: 10.1002/lt.23668]

9 Lerner AB, Sundar E, Mahmood F, Sarge T, Hanto DW, Panzica 
PJ. Four cases of cardiopulmonary thromboembolism during liver 
transplantation without the use of antifibrinolytic drugs. Anesth 
Analg 2005; 101: 1608-1612 [PMID: 16301227 DOI: 10.1213/01.
ANE.0000184256.28981.2B]

10 Warnaar N, Molenaar IQ, Colquhoun SD, Slooff MJ, Sherwani 
S, de Wolf AM, Porte RJ. Intraoperative pulmonary embolism 
and intracardiac thrombosis complicating liver transplantation: a 
systematic review. J Thromb Haemost 2008; 6: 297-302 [PMID: 
18005235 DOI: 10.1111/j.1538-7836.2008.02831.x]

11 Cherian TP, Chiu K, Gunson B, Bramhall SR, Mayer D, Mirza 
DF, Buckels JA. Pulmonary thromboembolism in liver trans-
plantation: a retrospective review of the first 25 years. Transpl 
Int 2010; 23: 1113-1119 [PMID: 20497402 DOI: 10.1111/
j.1432-2277.2010.01105.x]

12 Moguilevitch M, Broderick C. Intracardiac Thrombosis during 
Adult Liver Transplantation. Case Rep Transplant 2013; 2013: 
618352 [PMID: 23984168 DOI: 10.1155/2013/618352]

13 Theuerkauf I, Harbrecht U, Pütz U, Fischer HP. [Massive pulmo-
nary capillary occlusion by microthrombi. Unexpected cause of 
fatal right heart failure during liver transplantation]. Chirurg 2002; 
73: 380-382 [PMID: 12063925 DOI: 10.1007/s00104-001-0369-1]

14 Fitzsimons MG, Peterfreund RA, Raines DE. Aprotinin admini-
stration and pulmonary thromboembolism during orthotopic 
liver transplantation: report of two cases. Anesth Analg 2001; 92: 
1418-1421 [PMID: 11375816 DOI: 10.1097/00000539-200106000
-00012]

15 Warnaar N, Mallett SV, Klinck JR, de Boer MT, Rolando N, 
Burroughs AK, Jamieson NV, Rolles K, Porte RJ. Aprotinin and 
the risk of thrombotic complications after liver transplantation: a 
retrospective analysis of 1492 patients. Liver Transpl 2009; 15: 
747-753 [PMID: 19562708 DOI: 10.1002/lt.21768]

16 Ellis JE , Lichtor JL, Feinstein SB, Chung MR, Polk SL, 
Broelsch C, Emond J, Thistlethwaite JR, Roizen MF. Right heart 
dysfunction, pulmonary embolism, and paradoxical embolization 
during liver transplantation. A transesophageal two-dimensional 
echocardiographic study. Anesth Analg 1989; 68: 777-782 [PMID: 
2660629 DOI: 10.1213/00000539-198906000-00016]

17 Jackson D, Botea A, Gubenko Y, Delphin E, Bennett H. Successful 
intraoperative use of recombinant tissue plasminogen activator 
during liver transplantation complicated by massive intracardiac/
pulmonary thrombosis. Anesth Analg 2006; 102: 724-728 [PMID: 
16492818 DOI: 10.1213/01.ane.0000197779.03866.ad]

8011 July 14, 2015|Volume 21|Issue 26|WJG|www.wjgnet.com

Feltracco P et al . Trombotic events in liver transplantation



18 Silva MA, Jambulingam PS, Gunson BK, Mayer D, Buckels JA, 
Mirza DF, Bramhall SR. Hepatic artery thrombosis following 
orthotopic liver transplantation: a 10-year experience from a single 
centre in the United Kingdom. Liver Transpl 2006; 12: 146-151 
[PMID: 16382467 DOI: 10.1002/lt.20566]

19 Orlandini M, Feier FH, Jaeger B, Kieling C, Vieira SG, Zanotelli 
ML. Frequency of and factors associated with vascular complications 
after pediatric liver transplantation. J Pediatr (Rio J) 2014; 90: 
169-175 [PMID: 24370174 DOI: 10.1016/j.jped.2013.08.010]

20 Duffy JP, Hong JC, Farmer DG, Ghobrial RM, Yersiz H, Hiatt 
JR, Busuttil RW. Vascular complications of orthotopic liver 
transplantation: experience in more than 4,200 patients. J Am Coll 
Surg 2009; 208: 896-903; discussion 903-5 [PMID: 19476857 
DOI: 10.1016/j.jamcollsurg.2008.12.032]

21 Pareja E, Cortes M, Navarro R, Sanjuan F, López R, Mir J. 
Vascular complications after orthotopic liver transplantation: 
hepatic artery thrombosis. Transplant Proc 2010; 42: 2970-2972 
[PMID: 20970585 DOI: 10.1016/j.transproceed.2010.07.063]

22 Yerdel MA, Gunson B, Mirza D, Karayalçin K, Olliff S, Buckels 
J, Mayer D, McMaster P, Pirenne J. Portal vein thrombosis in 
adults undergoing liver transplantation: risk factors, screening, 
management, and outcome. Transplantation 2000; 69: 1873-1881 
[PMID: 10830225 DOI: 10.1097/00007890-200005150-00023]

23 Marín-Gómez LM, Bernal-Bellido C, Alamo-Martínez JM, 
Porras-López FM, Suárez-Artacho G, Serrano-Diaz-Canedo J, 
Padillo-Ruiz J, Gómez-Bravo MA. Intraoperative hepatic artery 
blood flow predicts early hepatic artery thrombosis after liver 
transplantation. Transplant Proc 2012; 44: 2078-2081 [PMID: 
22974916 DOI: 10.1016/j.transproceed.2012.07.077]

24 Lisman T, Bakhtiari K, Pereboom IT, Hendriks HG, Meijers JC, 
Porte RJ. Normal to increased thrombin generation in patients 
undergoing liver transplantation despite prolonged conventional 
coagulation tests. J Hepatol 2010; 52: 355-361 [PMID: 20132999 
DOI: 10.1016/j.jhep.2009.12.001]

25 Madalosso C, de Souza NF, Ilstrup DM, Wiesner RH, Krom RA. 
Cytomegalovirus and its association with hepatic artery thrombosis 
after liver transplantation. Transplantation 1998; 66: 294-297 
[PMID: 9721795 DOI: 10.1097/00007890-199808150-00003]

26 Vivarelli M, La Barba G, Cucchetti A, Lauro A, Del Gaudio M, 
Ravaioli M, Grazi GL, Pinna AD. Can antiplatelet prophylaxis 
reduce the incidence of hepatic artery thrombosis after liver 
transplantation? Liver Transpl 2007; 13: 651-654 [PMID: 
17457885 DOI: 10.1002/lt.21028]

27 Mueller AR, Platz KP, Kremer B. Early postoperative com-
plications following liver transplantation. Best Pract Res Clin 
Gastroenterol 2004; 18: 881-900 [PMID: 15494284 DOI: 10.1016/
S1521-6918(04)00109-X]

28 Jia YP, Lu Q, Gong S, Ma BY, Wen XR, Peng YL, Lin L, Chen 
HY, Qiu L, Luo Y. Postoperative complications in patients with 
portal vein thrombosis after liver transplantation: evaluation 
with Doppler ultrasonography. World J Gastroenterol 2007; 13: 
4636-4640 [PMID: 17729421]

29 Ueda M, Oike F, Kasahara M, Ogura Y, Ogawa K, Haga H, Takada 
Y, Egawa H, Tanaka K, Uemoto S. Portal vein complications in 
pediatric living donor liver transplantation using left-side grafts. 
Am J Transplant 2008; 8: 2097-2105 [PMID: 18727696 DOI: 
10.1111/j.1600-6143.2008.02360.x]

30 Enestvedt BK, Enestvedt CK, Diggs B, Orloff SL. Hyperco-
agulability in Liver Transplant Recipients: Does Portal Vein 
Thrombosis Predict Post-Operative Thrombotic Complications? Open 
J Organ Transplt Surg 2011; 1: 1-7 [DOI: 10.4236/ojots.2011.11001]

31 Manzanet G, Sanjuán F, Orbis P, López R, Moya A, Juan M, Vila 
J, Asensi J, Sendra P, Ruíz J, Prieto M, Mir J. Liver transplantation 
in patients with portal vein thrombosis. Liver Transpl 2001; 7: 
125-131 [PMID: 11172396 DOI: 10.1053/jlts.2001.21295]

32 Tao YF, Teng F, Wang ZX, Guo WY, Shi XM, Wang GH, Ding 
GS, Fu ZR. Liver transplant recipients with portal vein thrombosis: 
a single center retrospective study. Hepatobiliary Pancreat Dis Int 
2009; 8: 34-39 [PMID: 19208512]

33 Gimeno FA, Calvo J, Loinaz C, Meneu JC, Pérez B, Gomez R, 

Jiménez C, Abradelo M, Moreno A, Sesma A, García I, Moreno 
E. Comparative analysis of the results of orthotopic liver transplan-
tation in patients with and without portal vein thrombosis. 
Transplant Proc 2005; 37: 3899-3903 [PMID: 16386578 DOI: 
10.1016/j.transproceed.2005.10.085]

34 Lladó L, Fabregat J, Castellote J, Ramos E, Torras J, Jorba R, 
Garcia-Borobia F, Busquets J, Figueras J, Rafecas A. Management 
of portal vein thrombosis in liver transplantation: influence on 
morbidity and mortality. Clin Transplant 2007; 21: 716-721 [PMID: 
17988264 DOI: 10.1111/j.1399-0012.2007.00728.x]

35 Sharma R , Kashyap R, Jain A, Safadjou S, Graham M, 
Dwivedi AK, Orloff M. Surgical complications following liver 
transplantation in patients with portal vein thrombosis--a single-
center perspective. J Gastrointest Surg 2010; 14: 520-527 [PMID: 
19960270 DOI: 10.1007/s11605-009-1111-4]

36 Gladysz-Polak A, Polak WG, Jazwiec P, Chudoba PJ, Halon A, 
Patrzalek D, Szyber P. Favorable resolution of hepatic infarctions 
in transplanted liver after portal vein thrombosis treated by surgical 
thrombectomy: a case report. Transplant Proc 2006; 38: 3135-3137 
[PMID: 17112919 DOI: 10.1016/j.transproceed.2006.08.108]

37 Cherukuri R, Haskal ZJ, Naji A, Shaked A. Percutaneous 
thrombolysis and stent placement for the treatment of portal 
vein thrombosis after liver transplantation: long-term follow-
up. Transplantation 1998; 65: 1124-1126 [PMID: 9583875 DOI: 
10.1097/00007890-199804270-00018]

38 Baccarani U, Gasparini D, Risaliti A, Vianello V, Adani GL, 
Sainz M, Sponza M, Bresadola F. Percutaneous mechanical 
fragmentation and stent placement for the treatment of early 
posttransplantation portal vein thrombosis. Transplantation 2001; 
72: 1572-1582 [PMID: 11707747 DOI: 10.1097/00007890-200111
150-00016]

39 Francoz C, Valla D, Durand F. Portal vein thrombosis, cirrhosis, 
and liver transplantation. J Hepatol 2012; 57: 203-212 [PMID: 
22446690 DOI: 10.1016/j.jhep.2011.12.034]

40 Glynn RJ, Ridker PM, Goldhaber SZ, Buring JE. Effect of low-
dose aspirin on the occurrence of venous thromboembolism: a 
randomized trial. Ann Intern Med 2007; 147: 525-533 [PMID: 
17938390]

41 Ishitani M, Angle J, Bickston S, Caldwell S, Isaacs R, Pruett T. 
Liver transplantation: incidence and management of deep venous 
thrombosis and pulmonary emboli. Transplant Proc 1997; 29: 
2861-2863 [PMID: 9365593 DOI: 10.1016/S0041-1345(97)00709-4]

42 Salami A, Qureshi W, Kuriakose P, Moonka D, Yoshida A, 
Abouljoud M. Frequency and predictors of venous thrombo-
embolism in orthotopic liver transplant recipients: a single-center 
retrospective review. Transplant Proc 2013; 45: 315-319 [PMID: 
23267811 DOI: 10.1016/j.transproceed.2012.06.060]

43 Annamalai A, Kim I, Sundaram V, Klein A. Incidence and 
risk factors of deep vein thrombosis after liver transplantation. 
Transplant Proc 2014; 46: 3564-3569 [PMID: 25498090 DOI: 
10.1016/j.transproceed.2014.09.113]

44 Willems M, Sterneck M, Langer F, Jung R, Haddad M, Hagel 
C, Kuetemeier R, Eifrig B, Broering D, Fischer L, Rogiers X. 
Recurrent deep-vein thrombosis based on homozygous factor V 
Leiden mutation acquired after liver transplantation. Liver Transpl 
2003; 9: 870-873 [PMID: 12884202 DOI: 10.1053/jlts.2003.50136]

45 Cransac M, Carles J, Bernard PH, Malavialle P, Freyburger 
G, Winnock S, Saric J. Heterozygous protein C deficiency and 
dysfibrinogenemia acquired by liver transplantation. Transpl Int 
1995; 8: 307-311 [PMID: 7546154 DOI: 10.1111/j.1432-2277.1995.
tb01526.x]

46 Hingorani A, Ascher E, Hanson J, Scheinman M, Yorkovich W, 
Lorenson E, DePippo P, Salles-Cunha S. Upper extremity versus 
lower extremity deep venous thrombosis. Am J Surg 1997; 174: 
214-217 [PMID: 9293848 DOI: 10.1016/S0002-9610(97)00088-3]

47 Ascher E , Salles-Cunha S, Hingorani A. Morbidity and 
mortality associated with internal jugular vein thromboses. Vasc 
Endovascular Surg 2005; 39: 335-339 [PMID: 16079942 DOI: 
10.1177/153857440503900405]

48 Mukerji AN, Karachristos A, Maloo M, Johnson D, Jain A. 

8012 July 14, 2015|Volume 21|Issue 26|WJG|www.wjgnet.com

Feltracco P et al . Trombotic events in liver transplantation



Do postliver transplant patients need thromboprophylactic 
anticoagulation? Clin Appl Thromb Hemost 2014; 20: 673-677 
[PMID: 24917126 DOI: 10.1177/1076029614538490]

49 McLin VA , Rimensberger P, Bel l i DC, Wildhaber BE. 
Anticoagulation following pediatric liver transplantation reduces 
early thrombotic events. Pediatr Transplant 2011; 15: 117-118 
[PMID: 21159111 DOI: 10.1111/j.1399-3046.2010.01426.x]

50 Senzolo M, Rodriguez-Castro KI, Rossetto V, Radu C, Gavasso S, 
Carraro P, Zerbinati P, Sartori MT, Simioni P. Increased anticoagulant 
response to low-molecular-weight heparin in plasma from patients 
with advanced cirrhosis. J Thromb Haemost 2012; 10: 1823-1829 
[PMID: 22712870 DOI: 10.1111/j.1538-7836.2012.04824.x]

51 Shay R, Taber D, Pilch N, Meadows H, Tischer S, McGillicuddy 
J, Bratton C, Baliga P, Chavin K. Early aspirin therapy may reduce 
hepatic artery thrombosis in liver transplantation. Transplant Proc 

2013; 45: 330-334 [PMID: 23267805 DOI: 10.1016/j.transproceed.
2012.05.075]

52 Anderegg BA, Baillie GM, Uber WE, Chavin KD, Lin A, Baliga 
PK, Lazarchick J. Use of bivalirudin to prevent thrombosis 
following orthotopic liver transplantation in a patient with Budd-
Chiari syndrome and a history of heparin-induced thrombo-
cytopenia. Ann Clin Lab Sci 2008; 38: 277-282 [PMID: 18715858]

53 Shi Z, Yan L, Zhao J, Li B, Wen T, Xu M, Wang W, Chen Z, Yang J. 
Prevention and treatment of rethrombosis after liver transplantation 
with an implantable pump of the portal vein. Liver Transpl 2010; 
16: 324-331 [PMID: 20209592 DOI: 10.1002/lt.21988]

54 Stahl RL, Duncan A, Hooks MA, Henderson JM, Millikan WJ, 
Warren WD. A hypercoagulable state follows orthotopic liver 
transplantation. Hepatology 1990; 12: 553-558 [PMID: 2401460 
DOI: 10.1002/hep.1840120317]

P- Reviewer: Berg T, Viegas C    S- Editor: Ma YJ    L- Editor: A    
E- Editor: Ma S

8013 July 14, 2015|Volume 21|Issue 26|WJG|www.wjgnet.com

Feltracco P et al . Trombotic events in liver transplantation



                                      © 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

2  6


	8004.pdf
	WJGv21i26-Back Cover.pdf

