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Abstract
Portal vein thrombosis (PVT) is a frequent complica​tion in cirrhosis, particularly in advanced stages of the disease. As for general venous thromboembolism, risk factors for PVT are slow blood flow, vessel wall damage and hypercoagulability, all features of advanced cirrhosis. Actually, the old dogma of a hemorrhagic tendency in cirrhosis has been challenged by new laboratory tools and the clinical evidence that venous thrombosis also occurs in cirrhosis. The impaired hepatic synthesis of both pro- and anticoagulants leads to a rebalanced hemostasis, more liable to be tipped towards thrombosis or even bleeding. Conventional anticoagulant drugs (low molecular weight heparin or vitamin K antagonists) may be used in cirrhosis patients with PVT, particularly in those eligible for liver transplantation, to prevent thrombosis progression thus permitting/facilitating liver transplant. However, several doubts exist on the level of anticoagulation achieved as estimated by coagulation tests, on the efficacy of treatment monitoring and on the correct timing for discontinuation in non-transplant candidates, while in transplant candidates there is expert consensus on continuing anticoagulation until transplantation. The recent introduction of direct act​ing oral anticoagulant drugs (DOACs) in other clinical settings generates much interest on their possible application in patients with cirrhosis and PVT. However, DOACs were not evaluated yet in patients with liver disease and cannot be recommended for the present time.
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Core tip: Impaired liver synthesis of both pro- and anticoagulants maintains a haemostatic balance in advanced liver disease, but this balance is more unstable than in healthy subjects and can be easily tipped towards thrombosis or bleeding. Portal vein thrombosis (PVT) frequently occurs in advanced stages of cirrhosis and, if occlusive or extensive, may complicate or impede liver transplant. Therefore, prevention and treatment of PVT are frequent issues in cirrhosis patients, particularly in those eligible to liver transplant. Current treatments are with low molecular weight heparin or vitamin K antagonists and should be continued until transplantation in liver candidates, whereas no consensus exists regard​ing the duration of anticoagulation in non-transplant candidates. 
INTRODUCTION
Portal vein thrombosis (PVT) is a rare event in the gene​ral population, but is frequent in patients with cirrhosis, particularly in the advanced stages of the disease. Actually, the prevalence of PVT parallels the progression of cirrhosis, being less than 1% in patients with compensated disease, but 8%-25% in liver transplant candidates[1-4] and further increases when the disease is complicated by the occurrence of hepatocellular carcinoma. In this review article we describe the risk factors for PVT in cirrhosis, discuss the controversial clinical impact of PVT on the natural history of cirrho​sis and the current indications for PVT prevention or treatment. 
RISK FACTORS AND PATHOGENESIS OF PVT IN CIRRHOSIS

Slow blood flow, vessel wall damage and hypercoa​gulability, the classical triad of mechanistic factors for general venous thromboembolism identified by Virchow more than 150 years ago, are the perceived risk factors also for PVT in cirrhosis. Indeed, slowing of portal blood velocity, which occurs with the progression of liver disease, has been identified as a risk factor for PVT[5]. 

As for venous thromboembolism hypercoagulability has been reported at increased rate in some studies, but not in others. Causes include factor V Leiden and prothrombin gene mutation, hyperhomocysteinemia, protein C and protein S deficiencies, and elevated factor Ⅷ[6,7].

More in general, the long standing belief of a “spon​taneous anticoagulation” in cirrhosis, due to the reduced hepatic synthesis of coagulant factors, and recognized by the prolongation of the classical coagulation tests prothrombin time (PT) and activated partial throm​boplastin time (APTT), has recently been revised in favour of a new concept of “rebalanced haemostasis” in cirrhosis. Indeed, PT and APTT, due to their design, are much more sensitive to the procoagulants, than to the natu​rally occurring anticoagulants protein C, protein S, and antithrombin, which are also synthesized by the liver and are decreased, often severely, in plasma from cirrhosis patients. Protein C, in vivo, is activated by thrombin and quenches thrombin generation in order to limit the activation of the coagulation cascade. However, for Protein C being activated, the presence of thrombomodulin, its endothelial receptor, is required. Since thrombomodulin is not present in the PT and APTT reagents, it appears that such test are unsuitable to assess the balance of pro- and anticoagulants in plasma from cirrhosis patients and to predict bleeding events[8-10]. Recently, global coagulation tests able to account for both pro- and anticoagulants, such as the thrombin generation test, indicate that plasma from patients with cirrhosis generates equal amounts of thrombin as compared to plasma from healthy subjects, if measured in the presence of thrombomodulin[11]. However, since also platelets, besides their role in primary haemostasis, support thrombin generation by assembling activated coagulation factors on their surface, a normal thrombin generation is still found if a sufficient platelet count of around 60 × 109/L is preserved[12]. 
Further evolution of research suggests, particularly in advanced cirrhosis, the occurrence of a procoagulant imbalance whose biomarker is the resistance to the inhibition of thrombin generation, expressed by the increased ratio of thrombin generation with/without thrombomodulin. The increased ratio between Factor Ⅷ (a strong procoagulant driver, markedly increased in cirrhosis plasma) and Protein C (a strong inhibitor of thrombin generation and of activated factor Ⅷ, severely decreased in cirrhosis plasma) appears to be the biological background of such imbalance[13]. 

In summary, PT or APTT can no longer be regarded as indexes of hypocoagulability in patients with cirrhosis. By converse, cirrhosis can be viewed as an acquired prothrombotic condition, a new concept that better fits with the tendency to PVT, or the increased rate of venous thromboembolism occurring in cirrhotic patients when exposed to risk factors[14]. 

CLINICAL IMPACT OF PVT IN CIRRHOSIS

The impact of PVT on the natural history of cirrhosis is controversial, as several studies evaluating the clinical outcome of cirrhosis patients after the diagnosis of PVT gave discordant results[4,15-18]. In fact, some studies suggest that PVT may progress to complete occlusion and/or extend to other splanchnic vessels in 40%-70% of cases. In addition, patients with PVT appear to have more than threefold increased risk of failure to control variceal bleeding[17] and a reduced post-trans​plant survival[4] suggesting that the presence of PVT in advanced liver disease is associated with critical outcomes. On the opposite hand, a recent multicenter study, showed, in a large series of patients, that the incidence of PVT, most often non-occlusive, did not in​fluence the clinical outcome and was associated with a high rate of spontaneous recanalization[19].

PROPHYLACTIC TREATMENT

The recent finding that prophylactic doses of enoxaparin, besides preventing PVT without increasing the rate of bleeding, also reduced bacterial translocation and the incidence of further decompensation in patients listed for liver transplantation[20] suggests a role for anticoagulants in cirrhosis wider than previously expected. Since acti​vated coagulation factors have other targets, besides clotting, and promote fibrogenesis by acting on platelets, endothelial cells and stellate cells, the role of anticoa​gulants might extend beyond the prevention or treatment of PVT in cirrhosis, towards the prevention of progression of cirrhosis itself[21].

Larger, confirmatory studies are needed before a widespread use of enoxaparin in patients with cirrhosis permeates clinical practice. However, the growing evidence from clinical studies and the finding of normal/increased amounts of thrombin generated in vitro demonstrates that the so-called “auto anticoagulation” of patients with cirrhosis is a false dogma.

This new concept generates consequences in clinical practice. For instance, thromboprophylaxis for the prevention of deep vein thrombosis should be given to cirrhosis patients, as to the general population, when exposed to such risk factors as immobilization, cancer or surgery[22,23]. However, such strategy is still not generally adopted in cirrhosis, due to the perceived risk of hemorrhage.

As far as PVT is concerned, anticoagulation might be indicated for treating or preventing PVT in particular settings, such as the patients eligible or listed for liver transplant or those undergoing hepatic resection[3,24].

However, although clinical data and modern global coagulation tests indicate that patients with cirrhosis have a rebalanced hemostasis or even a prothrombotic phenotype, particularly in advanced stages of the disease, this balance may be weak and can be tipped towards thrombosis or haemorrhage by ensuing com​orbidities, as bacterial infections or renal failure. In addition, patients with cirrhosis may have severe throm​bocytopenia, which adds risk to anticoagulation therapy.

Therefore, several warnings must be considered before implementing a more liberal use of anticoagulants in patients with liver cirrhosis and the risks and benefit of anticoagulation in these patients must be carefully weighted. These warnings regard safety, monitoring and, to some extent, the proper indication of anticoagulation in cirrhosis patients with PVT.

STRATEGIES OF TREATMENT IN PATIENTS WITH OVERT PVT

Concerning efficacy and safety of anticoagulation in cirrhosis patients with established PVT, the available data refer to five case series including, overall, 163 subjects, mostly with partial PVT[4,24-27] (Table 1). At month-6 of therapy, complete or partial recanalization occurred in 33%-45%, while thrombus progression developed in less than 10%. Factors predicting recanalization were recent onset (< 6 mo) of the thrombus and partial PVT. Treatment prolongation after six months was asso​ciated with a higher rate of recanalization and a lower incidence of thrombosis progression or recurrence. Most patients had past bleeding or high-risk varices, and received endoscopic therapy with or without beta-blockers prior to anticoagulation. Bleeding occurred in 5% of the patients. After stopping anticoagulation, the benefit declined rapidly, as PVT recurred in up to 40% of patients. Overall, these data indicate a favorable risk/benefit ratio.

However, although these good safety data for portal hypertension-related bleeding in patients treated with anticoagulants, the number of patients enrolled in clinical studies is still low to allow firm conclusions on the safety of prolonged anticoagulation treatment, and few data on non-portal hypertension-related bleedings are available. In addition, more data on the safety of anticoagulation in patients with advanced stages of cirrhosis are required.

The use of vitamin K anatagonists and low molecular weight heparins

As far as the anticoagulant to choose for patients with cirrhosis is concerned, vitamin K antagonists (VKA) and low molecular weight heparin (LMWH) are those currently used, although several doubts exist on the required doses, on the level of anticoagulation achieved as estimated by coagulation tests, and on the efficacy of treatment monitoring. In fact, LMWH monitoring may be complicated by the low levels of antithrombin frequently occurring in these patients[25] and by analytical troubles affecting the anti-factor Xa measurement in patients with liver disease[28,29]. As for VKA in cirrhosis patients, one may consider that the PT-INR was originally in​tended for patients on VKA to harmonize the PT results from different laboratories and thromboplastins, but is less valid for patients with cirrhosis as their coagulopathy is different from that caused by VKA[30-33]. In addition, the frequently encountered baseline PT prolongation in cirrhotic patients casts doubts on whether the level of anticoagulation achieved is correctly represented by the PT.

This notwithstanding, VKA and LMWH appear to be equally effective and relatively safe in patients with cirrhosis, although long-term regimens have not been evaluated yet. LMWH, although less practical because of the need for subcutaneous injections, can be used until transplantation. Importantly, and at difference with VKA, it does not interfere with the MELD score.

Conversely, VKA can be given orally, but interfere with the MELD score. Anticoagulation can be reversed rapidly at the time of transplantation by the administration of fresh frozen plasma. A platelet count < 50 × 109/L and the use of VKA were the only factors more frequently observed in patients with a bleeding episode suspected to be related to anticoagulation therapy[26].

Direct oral anticoagulant agents: Where we are

Many of the warnings related to LMWH and VKA could be overcome by the recently introduced direct acting oral anticoagulant drugs (DOACs), which inhibit thrombin (Dabigatran) or activated factor X (Rivaro​xaban, Apixaban and Edoxaban). These drugs have the advantages of oral administration, fixed dose and no need of laboratory monitoring[34]. Moreover, their mechanism of action is independent of antithrombin, which is necessary for LMWH be effective, but may be severely impaired in cirrhosis patients. Finally, DOACs do not interfere with the MELD score. However for now, anticoagulation induced by DOACs is not quickly reversible and this may be a concern in case of bleeding. Another potential issue is renal function; DOACs, espe​cially dabigatran, have predominantly renal excretion and impairment of renal function, frequently observed in patients with cirrhosis, could cause drug accumulation[35].

Notwithstanding, DOACs, which are currently used to prevent venous thromboembolism in orthopedic surgery and, at therapeutic dosages, in atrial fibrillation and deep vein thrombosis[36-38], appear to be as effective as LMWH or warfarin, with less bleeding complications. However, although the overall lower bleeding rate in patients treated with DOACs vs VKA, the incidence of gastrointestinal bleeding appears to be slightly but definitively increased, with an absolute risk of 2.6% vs 2%[39]. This might be a matter of concern in cirrhosis patients for the future. For now, whether DOACs are safe and effective in cirrhosis is unknown, as patients with abnormal liver function tests were excluded from the studies on DOACs.

Indication to anticoagulation: Critical issues

A further point refers to the proper indication of anticoa​gulation in patients with PVT and cirrhosis. Several issues need consideration: The grade (partial or occlusive) and extent of PVT, its clinical presentation and the assumed consequence on the outcome of cirrhosis, and, notably, whether the patient is eligible or not for liver transplant.

Firstly, PVT occurring in cirrhosis patients is often partial and asymptomatic, accidentally detected at ultrasound evaluation during follow-up. For this PVT type there is no evidence from prospective studies[19,40,41] of a causal relationship between its occurrence and worsening of the disease. In addition, the outcome of partial PVT, when assessed prospectively, appears to be highly variable, with either spontaneous progression or regression[41]. In other instances, abdominal pain, gastrointestinal bleeding, development or worsening of ascites or hepatic encephalopathy are associated with the onset of PVT. In addition, intestinal infarction may occur. Such clinical presentation, most often related to occlusive PVT, mainly when extended proximally and deeply into the superior mesenteric vein, obviously affects the disease outcome and requires prompt anticoa​gulation.

A third issue regards the eligibility of the patient to liver transplant. Because of improved surgical techniques and perioperative management, liver transplant is no longer a contraindication, even in cases of extensive PVT. However, PVT causes technical difficulties in the setting of transplantation, with a negative impact on the outcome and, in some instances, may represent a definitive contraindication for transplantation.

Furthermore, the real impact of PVT on the access to the waiting list for liver transplantation is presently unknown. Therefore, the current or future eligibility of the patient to liver transplant must be considered when deciding to prescribe anticoagulants or not.

All these issues were discussed at the recent Baveno VI workshop in a session devoted to vascular diseases of the liver, where the risks and benefits of anticoagulation were thoroughly balanced. It was agreed to consider anticoagulation in potential transplant candidates with thrombosis of the main portal vein trunk or progressive PVT, in order to permit or facilitate liver transplantation and reduce post-transplant mortality and morbidity. In addition, in untreated potential transplant candidates with PVT, it was agreed to recommend an imaging follow-up every three months and anticoagulation in case of progression. As for the duration of anticoagulation, there was consensus on maintaining anticoagulation until transplantation to prevent re-thrombosis.

Conversely, for non-candidates to LT, no recom​mendation regarding anticoagulation treatment could be made, but it was stated that anticoagulation could be considered in selected cases, such as patients with thrombosis extended to the superior mesenteric vein or with known “strong” prothrombotic conditions[42].

Transjugular intrahepatic porto-systemic shunt: An alternative to anticoagulation?

Similarly to what is described for acute extrahepatic portal vein obstruction in non-cirrhotic patients[43], theoretically, an endovascular approach could be useful to manage PVT also in the context of cirrhosis. However, the experience in the setting of patients with cirrhosis is very limited and hampered by the additional inconvenience that the detection of PVT in this clinical setting is generally incidental and it is difficult to establish the age of the thrombus. The best described endovascular approach is the transjugular intrahepatic porto-systemic shunt (TIPS). It might represent an alternative to anticoagulation. Indeed, TIPS may be feasible in patients with PVT, particularly if the intra-hepatic branches of portal vein are patent[44,45]. Luca et al[45] reported a case series of 70 patients with non-tumoral PVT treated with TIPS for the management of complications due to portal hypertension. More than half of patients achieved complete recanalization and 30% a marked decrease in thrombosis, whereas no improvement occurred in only 13%. This success rate was similar to that observed for anticoagulation. Therefore TIPS may be an option in patients with contraindication to anticoagulation treatment. 

CONCLUSION
Despite a long-standing faith, liver cirrhosis is not associated with hypocoagulability. Instead, hypercoa​gulability, particularly in advanced disease, prevails. This is confirmed by the fact that both deep venous thrombosis and, particularly, PVT occur in cirrhosis. Although PVT in cirrhosis is frequently asymptomatic and may have a variable spontaneous evolution, it may require anticoagulation treatment in patients eligible for liver transplant or in case of thrombus progression. Either LMWH or VKA can be used, appear equally effec​tive and share a relatively good safety profile, but larger studies, involving patients with advanced disease are needed to confirm these findings. DOACs, although promising because of their mechanism of action, have not been evaluated in patients with liver disease and cannot currently be recommended.

Anticoagulants, besides their effect on clotting, appear to decrease fibrogenesis. Such finding, if confirmed in future studies, will expand the role of anticoagulants in the clinical management of cirrhosis.
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Table 1  Studies on management of portal vein thrombosis in cirrhotic patients


Ref.


�
Study type


�
PVT


�
Number anticoagulate patients


�
Number controls


�
Typeanticoagulant


�
Duration anticoagulation


�
Repermeation/stabilization/progression of thrombosis in anticoagulate patients


�
Repermeation/stabilization/progression of thrombosis in control patients


�
Bleeding complications in anticoagulate patients


�
Bleeding complications in controls


�
�
Francoz et al[4]


�
Proscpective; 


Case control�
29


�
19


�
10


�
VKA (target INR 2-3)


�
Mean 8.1 mo


�
8/10/1


�
0/4/6


�
1 variceal bleeding after EBL


�
NA


�
�
Amitrano et al[25]


�
Prospective


�
28


�
28


�
-


�
Enoxaparin 200 UI/kg per day


�
6 mo in repermeation, until end follow up in partial responders


�
21/5/2


�
-


�
1 anemia in PHG


�
-


�
�
Senzolo et al[24]


�
Prospective; 


Case control�
56


�
35


�
21


�
Nadroparin 95 antiXa U/kg twice a day





�
6 mo after complete repermeation, until the end of follow up in other patients


�
21/7/5


�
1/5/15


�
1 variceal bleeding;


1 cerebral haemorrage;


1 haematuria;


1 epistaxis�
5 variceal bleeding


�
�
Delgado et al[26]


�
Retrospective


�
55


�
55


�
-


�
VKA (8 patients); 


VKA → LMWH (21 patients); 


LMWH (26 patients)�
Median 6.8 mo (range 1-56 mo)


�
33/22/0


�
-


�
6 variceal bleeding;


1 obscure gastrointestinal bleeding;


1 lower gastrointestinal bleeding;


1 oral bleeding after dental extraction�
-


�
�
PVT: Portal vein thrombosis; VKA: Vitamin K antoagonists; LMWH: Low molecular weight heparin; NA: Not available; PHG: Portal hypertensive gastropathy; EBL: Endoscopic bend ligation; INR: Internatiol normalized ratio.
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