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Anticoagulation in the cirrhotic patient
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In the past, patients with liver cirrhosis were thought to be prone to increased bleeding risk.
However, those with compensated liver cirrhosis actually have normal coagulative balance, which
can become altered when liver function worsens, or infection, bleeding, or acute kidney insuffi-
ciency occur. When this happens, it is now recognized that patients with liver cirrhosis are at
higher risk of thrombotic rather than haemorrhagic complications. Anticoagulation plays a
favourable role both when used therapeutically or prophylactically. Successful anticoagulation is
associated with a lower rate of decompensation and with improved survival. To date, treatment
has involved the use of low molecular weight heparins and vitamin K antagonists. Preliminary
data suggest that novel non-vitamin K antagonist oral anticoagulants can be used safely in
patients with liver cirrhosis.
© 2019 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the
Liver (EASL). This is an open access article under the CC BY-NC-ND license (http://creativecommons.
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Coagulation in cirrhosis
Anomalies/disorders
The liver is responsible for the production of the
majority of factors involved in the coagulative
process. In healthy individuals, the haemostatic
balance is maintained by the equilibrium
between pro- and anticoagulant proteins, whose
levels are normally well above the quantity
required for normal function as only a small per-
centage of them (less than 50%) are necessary
for haemostasis.1 This abundance of coagulative
factors makes the system very stable and scarcely
influenced by external perturbation factors. In
chronic liver disease, especially in patients with
cirrhosis, there is a reduced synthesis of both
procoagulant and anticoagulant proteins, charac-
terized by the reduction of liver-dependent pro-
haemostatic clotting factors (FII, V, VII, IX, X and
XI), reduced levels of fibrinolytic proteins but
increased tPA, and decreased endogenous antic-
oagulants such as proteins C, protein S, and
antithrombin.2,3 Factor VIII and von Willebrand
factor (vWF) are instead increased.4,5 Although
Factor VIII is produced in the liver (in sinusoidal
cells), it is also physiologically synthesized in
endothelial cells outside the liver, which explains
why its levels can be high despite the presence of
chronic liver disease. Increased vWF levels reflect
enhanced production by the endothelium or
reduced clearance by the liver.

Thrombocytopenia, secondary to the spleno-
megaly induced by portal hypertension and pla-
telet function defects, only slightly affects
coagulative performance due to high levels of pla-
telet activators like FVIIIa and Vwf, and reduced
VWF-cleaving ADAMTS13.6 The quantitative
increase of vWF in cirrhosis can compensate for
the qualitative and quantitative defects of plate-
lets. The plasma of patients with cirrhosis was
shown to be able to induce increased adhesion
both in platelets from individuals and patients
with low or normal platelet counts.7

On the whole, these data have led several
authors to debate the existence of coagulopathy
in cirrhosis. Patients with cirrhosis are no longer
considered prone to bleeding because of their
coagulative parameters but are rather considered
as being in a less stable but still normal coagula-
tive state, which can be defined as “rebalanced
haemostasis”.1,8

It should be underlined, however, that
patients with cirrhosis are not a homogeneous
entity and that the essentially normal coagulative
status described above can be found in a sub-
group of patients with cirrhosis, i.e. those with
compensated disease. Being in a compensated or
decompensated state has a number of implica-
tions. These 2 entities have an entirely distinctive
pathophysiology, decidedly different prognosis
and respond differently to acute stress.9–12 In
compensated patients with preserved liver func-
tion, spontaneous bleeding is extremely rare and
bleeding episodes (variceal rupture or portal
hypertensive gastropathy/enteropathy) are the
consequence of portal hypertension and not of
the coagulative imbalance.12,13 In these patients,
mechanical complications of invasive procedures
are the most common cause of bleeding episodes,
which usually resolve without the need for
treatment.14–16 Patients with decompensated
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Key points

Patients with compensated liver cirrhosis have a nearly normal coagulative balance

In patients with compensated liver cirrhosis, bleeding (mostly variceal) is usually the conse-
quence of worsening portal hypertension

Onset and progression of chronic liver failure are associated with derangement of coagulative
balance

Modification in the equilibrium between thrombotic and antithrombotic proteins can result
in a thrombotic, rather than haemorrhagic, condition

Anticoagulants obtain recanalization of portal vein thrombosis in about half of treated cases
but the impact on natural history should be obtained by randomized clinical trials, which
are not available.

There is evidence that activation of the coagulative cascade has a role in sustaining chronic
liver injury

Prophylactic anticoagulation might be useful not only in preventing PVT but also decompen-
sation, but controlled studies are awaited.
cirrhosis, especially those with ascites, and
patients with acute-on-chronic liver failure
(ACLF) have a severe systemic inflammation dri-
ven by an abnormal bacterial translocation,
which causes organ dysfunction, renal failure and
more unstable coagulation.9,17 In decompensated
patients, coagulative performance becomes
impaired and bleeding risk, both spontaneous
and related to invasive procedures, increases con-
sistently, regardless of the alteration in traditional
coagulation tests.12,18 Infections and acute kidney
insufficiency (AKI)16 have recently been recog-
nized as risk factors for the disruption of the
unstable haemostatic balance of cirrhotic patients.
Possible mechanisms include increased fibrinolytic
activity and alterations in platelet function in the
presence of renal impairment and release of
heparin-like factors during infection. However,
thorough investigations into the mechanisms
involved are still lacking18(Fig. 1).

On the whole, it appears that coagulative status
is subordinate to portal hypertension in determin-
ing bleeding risk. The results of the randomized
controlled trials of recombinant factor VIIa (rFVIIa)
vs. placebo in patients with advanced cirrhosis and
active variceal bleeding support this hypoth-
esis.19,20 The individual studies were unable to
identify differences between patients treated
with rFVIIa or placebo in the ability to control 24-
hour bleeding, or to prevent rebleeding or death
at day 5. Only a meta-analysis of the individual
data from the 2 studies was able to identify a ben-
eficial effect of rFVIIa in the selected subgroup of
patients with advanced cirrhosis and active bleed-
ing from oesophageal varices at the time of endo-
scopy.21 However, the authors underlined the
risk of increased arterial thrombo-embolic events
as a consequence of treatment, thus suggesting
that rFVIIa treatment should be reserved for
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Fig. 1. Haemostatic balance in cirrhotic patients in different Ch
liver disease.

JHEP
patients with a lack of bleeding control after stan-
dard treatment. No evidence-based data are avail-
able regarding the usefulness of fresh frozen
plasma to correct coagulative abnormalities in
acute or chronic liver disease or to improve out-
comes in variceal bleeding.22

A final warning should be given regarding
novel thrombopoietin agonist drugs, whose use
for bleeding prophylaxis in invasive procedures
has been associated with higher portal vein
thrombosis (PVT) occurrence. Early studies with
eltrombopag were associated with high PVT
occurrence, likely because of administration of an
ill-chosen therapeutic dosage.23 Later studies,
with novel molecules like lusutrombopag, demon-
strated a lower rate of thrombotic complications.24

However, the most relevant and clear-cut finding
of all these studies was the recognition of the
safety of invasive procedures both in treated and
in control groups, despite abnormalities in routine
coagulative tests (like prothrombin time [PT] or
partial thromboplastin time [PTT]). This further
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reinforces the concept that complications are asso-
ciated much more with mechanical injuries than
with coagulative abnormalities.

Evaluation of coagulative abnormalities
The standard tests of haemostasis (PT/international
normalized ratio [INR] and platelet count), widely
used to estimate coagulopathy and bleeding risk
in patients undergoing invasive procedures, do
not reflect the coagulative complexity of patients
with cirrhosis. The traditional level of INR below
1.5 as the cut-off for safe invasive procedures25

has recently been questioned.13 Fibrinogen levels
seem better predictors of bleeding in patients
with high INR.26–28

Similarly, while the guidelines usually suggest
using a platelet count of 50x103/mm3 to determine
whether it is safe to perform invasive procedures,
there is no sound data on this threshold. A lowplate-
let count reflects a larger spleen size and is influ-
enced by the degree of portal hypertension.
However, a low platelet count is not associated
with higher bleeding risk in patients with compen-
sated cirrhosis, even in those on anticoagulants.29–30

Global tests such as viscoelastic tests like
thromboelastography (TEG) and thromboelasto-
metry (ROTEM) are able to explore initial clot for-
mation in non-centrifuged blood and final clot
strength in whole blood, as well as the presence
of hyper fibrinolysis or premature clot dissolution,
although they are not able to assess platelet dys-
function and the effects of vWF.31

TEG, as well as ROTEM, gives a graphic picture
of clot formation (Fig. 2). The blood, incubated at
37°C is suspended in a heated cup, connected to a
detector system that uses a torsion wire in TEG
and an optical detector in ROTEM. TEG can reveal
changes in clot formation due to altered coagula-
tion factors, fibrinogen, platelets and fibrinolysis.
TEG-guided haemostatic therapy has been shown
to be safe in trauma, surgery and in cirrhotic
patients undergoing liver transplantation.32

Recently, TEG has shown its utility as a key tool
to determine the need for blood transfusions in cir-
rhotic patients with severe coagulopathy (based on
traditional indices: INR >1.8 and platelet count
<50x103/mm3) undergoing invasive procedures.14

A recent meta-analysis in a variety of elective and
emergency surgical settings confirmed that TEG-
guided transfusion protocols reduced the require-
ment for blood product transfusion and improved
patient outcomes (including survival in an emer-
gency setting).33

Thrombin generation tests (TGTs) evaluate
thrombin generation and decay, enabling assess-
ment of the balance between the two. Coagulation
of the test plasma (platelet poor or platelet rich) is
activated by small amounts of tissue factor and
phospholipids; the reaction of thrombin generation
is continuouslymonitored bymeans of a thrombin-
specific fluorogenic substrate. Endogenous
JHEP
thrombin potential, defined as the net amount of
thrombin that test plasmas can generate on the
basis of the relative strength of the pro- and antic-
oagulant drivers, is the most important parameter
derived from the thrombin-generation curve. TGT
assays are promising for the investigation of
hypo- or hypercoagulability.34–36 TGT assays have
been used extensively to show the rebalanced/
hypercoagulable state in patients with liver dis-
ease. However, because of their technical complex-
ity and a lack of studies assessing their utility, the
use of TGT assays in the clinical setting of cirrhosis
needs to be validated.

On the whole, whenever possible, point-of-care
coagulation tests like TEG or ROTEM should be
used, as they are able to give an accurate picture
of the coagulative performance of the cirrhotic
patient, when it is needed, helping to determine
whether transfusion of blood components is
required.

Thrombosis in cirrhosis
Deep vein thrombosis
Observational studies in the general population
have found that patients with liver disease have a
higher risk of ischaemic stroke and venous throm-
boembolism (VTE) compared with patients with-
out liver disease.37–39 Several surveys have shown
an increased risk of venous thromboembolism of
approximately 1.7- to 2-fold in patients with liver
disease compared to controls.40–43 In addition,
patients with non-alcoholic steatohepatitis
(NASH)-related cirrhosis have a higher risk of VTE
events compared to patients with other causes of
liver disease.44 Similarly, patients with hepatitis C
virus (HCV) infection (with or without cirrhosis)
have an increased risk of VTE compared to patients
without HCV infection according to a meta-
analysis of 3 large epidemiological studies (risk
ratio 1.38, 95% CI 1.08–1.77).45 Only 1 study46

found that VTE occurred in patients with moder-
ate/severe chronic liver disease at a rate lower
than in general medical patients. In all cases, the
presence of cirrhosis in patients with VTE has
been associated with increased mortality.40,46 In
summary, although heterogeneity in the design
and results of available studies preclude a definite
conclusion on the level of risk for VTE in patients
with cirrhosis, it is clear that patients with cirrhosis
are not protected from VTE and therefore should
be considered for specific prophylaxis. Data are
lacking for the stratification of VTE risk, including
laboratory features of coagulation.
Splanchnic vein thrombosis
In a seminal study, Wanless and co-workers
showed that explanted livers from patients with
advanced liver disease harbour widespread throm-
botic occlusion of the intrahepatic hepatic venous
and portal venous systems.47 The parenchymal
Reports 2019 vol. 1 | 227–239 229
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Fig. 2. Changes in TEG® and ROTEM® tests in normal conditions, cirrhosis and anticoagulation. A:Whole blood viscoelastic tests can be detected using ROTEM
(optical method, bottom line) or TEG (electromechanical method; upper line). ROTEM measures similar parameters on the graphic compared to TEG: R time is
clotting time (CT) represent the period of initial fibrin formation. K time is clot formation time (CFT), which measures the rate of clot formation and reflects
fibrin rate build up and cross linking, MA is maximum clot firmness (MCF) represents the ultimate strength of the clot (platelet and fibrin) and LY30 is (CL30)
measures the rate of amplitude reduction from MA at 30 minutes detects fibrinolysis. B: TEG (left) ROTEM (right) showing prolonged clotting time and R in a
patient treated with Heparin. C: TEG (left) ROTEM (right). Hypercoagulable state with short CT, CFT, R and K. increased MCF and MA. D: ROTEM (upper) and TEG
(bottom) in a patient with decompensated OH- cirrhosis showing hyocoagulable state with prolonged CT, R and K and reduced MCF and MA and decreased A10,
MCF on FIBTEM showing hypofibrinogenemia.
areas corresponding to the obstructed territories
undergo atrophy and replacement by fibrous
tissue, a lesion denominated parenchymal extinc-
tion.47,48 Narrowing and distortion of the large
hepatic veins appear to be common in patients
with cirrhosis. However, thrombosis of these
large hepatic veins is difficult to characterize in
patients with cirrhosis because the predominantly
intrahepatic course of the veins makes it difficult
to distinguish primary from secondary obstruc-
tion. By contrast, thrombosis of the main portal
vein, or its right or left branches, being extrahepa-
tic, has proved easy to evaluate with Doppler
ultrasound or CT scan in patients with cirrhosis,
either at the time of decompensation, or in the
work-up or surveillance before transplantation,
or during screening for hepatocellular carcinoma.

The prevalence and the incidence of extrahepa-
tic PVT vary mostly according to the severity of
associated liver disease. In patients with predomi-
nantly Child-Pugh class A cirrhosis, typically inves-
tigated during screening for hepatocellular
carcinoma, incidence is about 5% and 11% at 1
and 5 years, respectively.49 In patients with
advanced Child-Pugh class C cirrhosis, typically
JHEP
considered or listed for liver transplantation, the
reported prevalence was up to 15–23% and inci-
dence 7–18%50 to 16.6%51 in the first year.

In about 75% of patients, portal vein thrombi
occupy only a portion of the portal venous
lumen. Furthermore, in about half of patients,
thrombi are only transiently detected, as they
spontaneously disappear in the period of 3 to 6
months between successive imaging
procedures.49,52,53

When the risk factors for development of PVT
were investigated in prospective cohort studies
or cross-sectional surveys, the independent vari-
ables were all related to the severity of liver dis-
ease: size of oesophageal varices, gastrointestinal
bleeding, portal vein blood flow velocity, size of
the liver, ascites, encephalopathy, serum albumin,
serum bilirubin, or prothrombin levels.49,54–58

PVT appears to be more common in patients with
NASH or NASH-related cirrhosis than in cirrhosis
related to other causal factors.59 There are hetero-
geneous data on a relationship with those primary
prothrombotic conditions, such as Factor V Leiden
or the prothrombin G20210A gene mutation
whose diagnosis is not challenged by hepatic
Reports 2019 vol. 1 | 227–239 230
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dysfunction.49,60 Still, even if real, their role is
clearly marginal. It remains unclear whether
there is an independent relationship between
acquired coagulation inhibitors and PVT in patients
with cirrhosis.61 Prospective studies on the role
hypercoagulability – related with resistance to
thrombomodulin – may play in precipitating PVT
are limited.62–64 Actually, it is difficult to ascertain
which specific consequence of chronic liver disease
is mostly responsible for PVT development: coagu-
lation anomalies, slowing of portal blood flow,
endothelial injury or any other known or still
unknown factor. The role played by endothelial
dysfunction is complex, as several elements (like
bacterial translocation, stage of disease, severity
of portal hypertension) contribute to its
development.65

The consequences of PVT on the course and
outcome of underlying liver disease are difficult
to assess because of the link between liver disease
severity and the development of PVT. However,
several longitudinal studies including a prospective
one, failed to document an aggravation of liver dis-
ease severity following development of
PVT.49,52–53 In non-liver transplant patients with
cirrhosis, PVT is not clearly associated with
increased mortality.66 Furthermore, in patients
listed for liver transplantation, there is no indepen-
dent negative impact of PVT on pre-transplant
mortality after adjustment for the severity of liver
disease.67 By contrast, pre-transplant PVT does
affect post-transplant mortality, probably because
a proper reconstitution of the portal venous inflow
is critical for liver graft survival.67 In this regard,
there is convincing evidence that if reconstitution
of a physiological portal venous inflow to the
graft can be achieved, the outcome is very similar
to that of patients without PVT, whereas if this is
not the case the outcome is worse.68 Of note, the
negative impact of PVT on mortality is limited to
the first trimester after transplantation, while late
survival curves remain parallel in patients with
and without pre-transplant PVT.69

In summary, whereas the parenchymal damage
associated with intrahepatic PVT is well known,
the effect of extrahepatic PVT on the natural his-
tory of liver disease is unclear if not doubtful.
Hence, PVT appears to be an excellent marker of
poor outcomes in cirrhosis, while not being an
independent factor for these poor outcomes. How-
ever, PVT is probably both a marker and a factor for
a suboptimal outcome after liver transplantation.

Anticoagulation in cirrhosis: Potential
indications
Thrombosis
Most studies in cirrhotic patients with anticoagu-
lants have been conducted in PVT with lowmolecu-
lar weight heparins (LMWHs), vitamin K antagonists
(VKAs) or a combination. Delgado et al.70 found that
JHEP
among the 55 patients with cirrhosis and acute PVT,
60% of patients treated with LMWHs or VKAs,
achieved partial or complete recanalization after
6.8 months of treatment. Platelet count <50x103/
mm3 and use of VKAs were associated with an
increased risk of bleeding. The efficacy of warfarin
for PVT in patients with cirrhosis was confirmed in
patients awaiting liver transplantation as complete
or partial resolution of PVT was reported in 39%
and 43% of patients, respectively.71 In addition,
Francoz et al.50 reported that when using VKA treat-
ment in patients with cirrhosis and splanchnic vein
thrombosis awaiting transplantation, the proportion
of partial and/or complete recanalization was signif-
icantly higher in thosewho received anticoagulation
therapy (42% vs. 0%) after an average 8.1 months of
follow up. No difference in bleeding rates was
observed between the 2 groups. In a prospective
study in 28 cirrhotic patients with PVT treated with
LMWH, complete recanalization of the portal vein
occurred in 33% and partial recanalization in 50%
after a 6-month course of enoxaparin,with nobleed-
ing.72 Senzolo et al.73 also documented the efficacy
of LMWHs in 33 cirrhotic patients with PVT treated
with nadroparin for 6 months. The efficacy and
safety of LMWH therapy was confirmed with differ-
ent doses of enoxaparin for acute PVT in cirrhotic
patients.74 A recent meta-analysis on the effects of
anticoagulant therapy (LMWHs or VKAs) in patients
with cirrhosis and PVT showed, among 353 included
patients, a significantly higher proportion of PVT
recanalization (71%) in patients treatedwith anticoa-
gulants than in patients without (42%).75 In the 6
studies (257 patients) reporting on the rates of
bleeding, no difference of major or minor bleeding
between groups (with or without anticoagulation
therapy) was found (11% for both groups). In addi-
tion, data extracted from 6 studies (including 225
patients) showed that PVT progressed in 9% of
patients with anticoagulation therapy vs. 33% of
patients without.75 There are limited data on
direct-acting oral anticoagulants (DOACs) for treat-
ment of PVT in patients with cirrhosis. Case reports
and small retrospective studies suggest that DOACs
are safe in patients with mild or moderate
cirrhosis.76–78 Recently Hanafy et al.79 reported a
clinical trial comparing low doses of rivaroxaban
(10 mg twice daily) vs. warfarin in 80 patients with
cirrhosis (Child-Pugh class A or B) who had devel-
oped acute PVT. Recanalization of the portal vein
was obtained in 85% of patients treated with rivar-
oxaban, and only 45% of patients treated with war-
farin. No bleeding complications were observed in
the rivaroxaban group. Larger studies are needed
to confirm the safety and efficacy of DOACs to
treat PVT in cirrhosis, especially in patients with
severe cirrhosis. However, in the future, DOACs
will likely replace heparins and VKAs for treatment
of PVT in cirrhotic patients, the question still to be
addressed is which DOAC and at which dosage for
the safest profile.
Reports 2019 vol. 1 | 227–239 231



In clinical practice, the European Association
for the Study of the Liver (EASL) guidelines80

recommend LMWH treatment at weight-adjusted
dose for the treatment of acute PVT in patients
with cirrhosis. LMWH is preferred over unfractio-
nated heparin (UFH), except in patients with
severe renal impairment (<30 ml/min). Anticoagu-
lation therapy should be prolonged for 6 months,
using either LMWH or VKAs. Long-term anticoagu-
lation therapy with VKAs should be proposed only
after a careful evaluation of risks and benefits, and
should be re-evaluated at regular time intervals
(e.g. 6 monthly).

In every patient with cirrhosis given any form
of anticoagulation therapy, prophylaxis for gastro-
intestinal bleeding related to portal hypertension
must be carefully checked.

However, it has been shown that anticoagula-
tion does not worsen bleeding outcomes in acute
conditions,30 nor increase bleeding risk during
variceal band ligation.29

No thrombosis
Anticoagulation for PVT prevention
PVT is a common complication in cirrhosis, arising
in 10–27% of patients during progression of
disease.49,51 Its occurrencewas previously indicated
as a possible cause for disease worsening, especially
in the transplant setting. However, it appears that
PVT is one of several indicators of progressive liver
disease, and the occurrence of decompensation at
the same time as PVT is the result of rapidlyworsen-
ing portal hypertension, as a consequence of
upregulation of systemic inflammation and inap-
propriate activation of the coagulation system,
linked with increased bacterial translocation
through the damaged intestinal mucosal barrier in
patients with portal hypertensive colopathy.51 The
prospective study of enoxaparin treatment for pre-
vention of PVT51 showed that anticoagulation not
only prevented PVT but also improved bacterial
translocation, decreased systemic inflammation,
and also prevented hepatic decompensation and
improved survival (Fig. 3). A confirmatory study,
which instead of enoxaparin uses rivaroxaban, is
ongoing; its resultswill be of paramount importance
to confirm not only PVT prevention, which is likely,
but also, and most importantly, the positive effect
on progression of disease (ClinicalTrials.gov Identi-
fier: NCT02643212). The confirmation of this result
will be highly relevant for the treatment of
advanced chronic liver disease.
Anticoagulation as an antifibrotic therapy
Portal hypertension is the end result of the archi-
tectural distortion occurring during protracted
liver damage. Dysregulated activation of fibrogenic
cells (hepatic stellate cells [HSCs] and portal myo-
fibroblasts)81 leads to distortion of hepatic archi-
tecture. A relevant role in this process is played
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by the alteration of hepatic microcirculation, with
thrombotic occlusions of small intrahepatic veins
and sinusoids frequently occurring.47 This is fol-
lowed by progressive venous obstruction and the
occurrence of “parenchymal extinction”, i.e. the
irreversible loss of contiguous hepatocytes and
their replacement by fibrous tissue.

These considerations strongly suggest that
anticoagulation could be a rational approach to
prevent and to treat liver fibrosis. A relevant num-
ber of experimental studies in different animal
models of chronic liver disease (thioacetamide,
CCl4, and high-fat diet) and with different types
of anticoagulation (LMWH, VKA, new oral anticoa-
gulants) have challenged this hypothesis (reviewed
in Turco et al., Curr Hep Rep, 2018).82 On the whole,
all studies but one showed a reduction in the devel-
opment of hepatic fibrosis. Two studies evaluated
portal pressure, showing significant reductions, at
the same time as decreased HSC activation.83,84

Clinical studies are fewer and results under-
standably less clear-cut (reviewed in reference 82).
Three studies51,85,86 mostly showed improved liver
function and reduced rates of decompensation.
However, patients undergoing treatment had
established cirrhosis and therefore the effect on
fibrosis was hardly ascertainable. In the study
by Dhar et al.,87 HCV-positive patients with
recurrent infection after liver transplant under-
went treatment with warfarin. The availability
of direct-acting antivirals for HCV soon after the
start of the study led to its discontinuation. How-
ever, preliminary data, presented as an abstract,
showed a significant reduction of fibrosis 1 year
after LT in anticoagulated patients in comparison
with controls.

On the whole, anticoagulation deserves to be
further evaluated as an antifibrogenic treatment.
The new oral anticoagulant drugs will offer a bet-
ter tool to evaluate the effect of long-term anticoa-
gulation on fibrogenesis, once their safety in
chronic liver disease has been confirmed.

Practical management
Several warnings have been raised regarding
anticoagulation in cirrhosis, relating to safety con-
cerns and the uncertain possibility of achieving
effective anticoagulation due to variability in phar-
macokinetics and potency of anticoagulants in cir-
rhosis. Nevertheless, most studies were able to
achieve their therapeutic aim without relevant
side effects. In the next paragraphs, we will
address advantages and disadvantages of available
anticoagulant drugs for prophylaxis of thrombotic
conditions (VTE and PVT) or for PVT treatment.

Anticoagulant therapeutics

Parenteral anticoagulant
Themost widely used agents are UFH, LMWHs, fon-
daparinux and danaparoids. These drugs act by
Reports 2019 vol. 1 | 227–239 232

http://ClinicalTrials.gov


Improved survival 

No PVT

Lower portal hypertension

Improved survival 

Higher portal hypertension

Bacterial translocation

PVT

PV recanalization

Anticoagulation

Prophylactic Therapeutic

Bacterial translocation PVT development Decompensation

Fig. 3. Role of prophylactic and therapeutic anticoagulation in the natural history of cirrhosis.

Review
binding antithrombin (AT) to inhibit thrombin and/
or Factor Xa. In cirrhotic patients decreased AT may
be associated with reduced efficacy of these treat-
ments, especially in patients with severe disease.
However, several in vitro studies showed an
increased effect of LMWH in cirrhotic plasma
despite low AT or anti Xa levels.88,89 No relevant
clinical studies on VTE treatment in cirrhotic
patients with UFH or LMWHs are available. VTE
treatment with UFH needs laboratory monitoring
with PTT and/or anti Xa or anti IIa activity. The ther-
apeutic range of PTT is usually between 1.5–2.5
times more than the upper limit of the institutional
PTT reference range, but these values are variable
depending on the analyzer and reagents. A thera-
peutic range of 1.5–2.5 corresponds to an anti Xa
or anti IIa activity of 0.3–0.7 UI/ml, as AT is often
decreased, these tests may underestimate levels of
UFH. UFH has been gradually replaced by LMWH.
No laboratory monitoring (anti Xa) is required
except in patients who are underweight, obese, or
have renal insufficiency. Severe renal insufficiency,
quite common in cirrhosis, is a contraindication to
LMWH and should be tested before starting treat-
ment. The last VTE guidelines from the American
College of Chest Physicians recommend LMWH as
the preferred anticoagulant in patients with liver
disease and coagulopathy.90

No specific guidelines exist regarding the man-
agement of different anticoagulation drugs in
patients with cirrhosis in case of worsening hepatic
and/or kidney function. However, some recom-
mendations can be derived from other guidelines:
LMWH, i.e. the treatment of choice in patients
JHEP
with liver disease requiring anticoagulation, should
be stopped in case of acute kidney injury and
replaced with other heparins not affecting kidney
function until normalization of renal function.

Oral anticoagulants
Vitamin K antagonists (VKA) inhibit vitamin K-
dependent synthesis of clotting factors II, VII, IX
and X. It also decreases the production of the inhibi-
tors protein C and S. Warfarin has traditionally been
the oral anticoagulant of choice for the treatment of
VTE and the prevention of ischaemic stroke in atrial
fibrillation with a recommended target INR of 2–3
in the general population. Due to the narrow thera-
peutic range and significant drug-drug interactions,
biological and clinical surveillance should be per-
formed in patients receiving these treatments in
order to maintain an optimal time in therapeutic
range (TTR).91 In liver disease, VKA treatment is par-
ticularly challenging as warfarin has significant
plasma protein binding (~99%), it is predominantly
eliminated by the liver through a cytochrome
P450-dependent metabolism, and INR at baseline is
often elevated. Thus, the dose of warfarin and the
target INR are not well defined in this population.
Suboptimal dosing in response to an elevated INR
at baseline may result in an increased risk of throm-
botic events, while titrating to a supratherapeutic
INR could result in bleeding complications.92

Patients with liver disease have a lower mean time
in TTR, which has been associated with a 2-fold
increase in bleeding risk compared with patients
without liver disease.93 To date no prospective clini-
cal trial has examined safety and efficacy of warfarin
Reports 2019 vol. 1 | 227–239 233



in patientswith liver disease. The balance of benefit/
risk should be carefully evaluated for each patient,
the target INR is usually maintained at 2-3; these
patients should be carefully surveyed and moni-
tored and if possible included in a therapeutic edu-
cational programme. Furthermore, for prolonged
treatment, the benefit/risk ratio should be regularly
re-evaluated.

In the last decade DOACs have emerged. DOACs
inhibit FXa (apixaban, rivaroxaban, edoxaban) or
FIIa (dabigatran), with several randomized trials
demonstrating comparable or superior efficacy and
safety profile compared with warfarin in patients
with atrial fibrillation or VTE. DOACs are given
once or twice daily, at fixed doses, and need no
laboratory monitoring. DOACs are currently recom-
mended as a first-line treatment in themanagement
of atrial fibrillation or VTE in the guidelines.90,91

Unfortunately, patients with liver disease have
been systematically excluded from clinical trials.
Liver disease could influence several aspects of
DOAC pharmacokinetics, including systemic elimi-
nation, plasma protein binding, cytochrome P450
mediated metabolism, biliary excretion, and also
comorbidities such as renal insufficiency94 (Table
1). However, several observational studies showed
the efficacy and safety of DOACs for the treatment
of VTE and/or prevention of ischaemic stroke in
patients with cirrhosis.76,95,96 These observational
results should be interpreted with caution, the sam-
ple sizes are small, the analyses were not adjusted
for difference in characteristic among the treatment
groups, and very few or no patients with severe cir-
rhosis were included. The Food and Drug Adminis-
tration (FDA) and European Medicines Agency
(EMA) recommend using the Child-Pugh score to
guide dosing and use of DOAC: FDA97 and EMA98

do not recommend using DOACs in patients with
Child-Pugh C liver disease, or in patients with any
liver disease associated with coagulopathy. The
DOACs apixaban, dabigatran and edoxaban can be
used with caution and/or adjusted doses in patients
Table 1. Pharmacological characteristics of oral anticoagulatio

Warfarin Apixaban

Target VKORC1 Factor Xa

Half-life (h) 20- 60 ~12

Prodrug no no

Renal clearance (%) no 25

Hepatic clearance 100 75

Requires CYP450 yes yes

Plasma protein binding (%) 99 87

Substrate for P-gP no yes

Coagulation monitoring Yes INR no

Coagulation assay INR Anti Xa act

Reversal agent 4F-PCC, Vit K Andexanet

Modified from Qamar et al. 2018, with permission.

JHEP
with Child-Pugh A and B, but the use of rivaroxaban
in patients with Child-Pugh B is not recommended.
In practice DOACs can be used in patients with atrial
fibrillation or VTE in Child-Pugh A cirrhosis, if indi-
cated, and with adjusted doses in Child-Pugh B cir-
rhosis, but should not be used in Child-Pugh C
patients. Renal insufficiency, drug-drug interactions,
weight, previous bleeding events and thrombocyto-
penia should be evaluated before introducing these
treatments. The ratio of benefits to risks of these
treatments should be carefully assessed for each
patient, alongside close biological and clinical sur-
veillance. A periodical re-evaluation of the balance
of benefits/risks should be planned for long-term
anticoagulation.

Venous thromboembolism
Venous thromboembolism (VTE) in cirrhosis is an
increasingly recognized clinical problem, proving
once more that patients with liver cirrhosis are
not spontaneously protected from thrombotic epi-
sodes. The low platelet count and the increased
INR levels of patients with cirrhosis do not reduce
the risk of developing deep vein thrombosis or
pulmonary embolism.42 Prophylactic anticoagula-
tion benefit is well established and recommended
in guidelines for the general population of inpati-
ents,99 while major concerns still exist regarding
the prophylactic use of anticoagulation in patients
with cirrhosis for fear of facilitating bleeding
events. Several studies have shown that themajor-
ity of patients with cirrhosis do not receive pro-
phylaxis against VTE when admitted into hospital
wards100,101 or prophylaxis when given is subopti-
mal.102 Interestingly, the reason behind the deci-
sion of avoiding VTE prophylaxis was not related
to a high INR levels or low platelet count, but it
was mostly the consequence of lack of knowledge
regarding the high risk of cirrhotic patients of
developing VTE.102 Safety and efficacy of prophy-
lactic anticoagulation for VTE in hospitalized cir-
rhotic patients have been demonstrated beyond
n agents.

Dabigatran Edoxaban Rivaroxaban

Factor IIa Factor Xa Factor Xa

12-17 10-14 7-13

yes no no

80 50 35

20 50 65

no minimal yes

35 55 95

yes yes yes

no no no

ivity Thrombin Time Anti Xa activity Anti Xa activity

alfa Idarucizumab Andexanet alfa (Not yet FDA approved) Andexanet alfa
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doubt.95,103 Prophylaxis should therefore be
started in patients with cirrhosis in case of surgery,
hospitalization or immobilization regardless of INR
levels. Special attention should be paid to cirrhotic
patients with NASH, who have a higher risk of VTE
events, sometimes despite already being on
anticoagulation.44

PVT prophylaxis
As outlined in the previous paragraphs, experience
with prophylactic treatment for PVT in patients
with liver cirrhosis is very limited, as only 1 pro-
spective study has been published so far.51 This
prospective randomized trial showed that LMWH
not only prevented PVT, but also was also able to
Table 2. Clinical studies assessing the efficacy of anticoagulati

Reference Type of
study

N of
patients

Stage of fibro
cirrhosis

PATIENTS WITHOUT PVT

Shi, 200385 Prospective 52
HBV related
fibrosis

Huang, 200786 Prospective 75
HBV related
cirrhosis

Villa, 201251 Prospective 34
Advanced cirr
(CTP B7-C10)

Dhar, 201587 Prospective n.a.
Post liver tra
plant HCV-re
liver fibrosis

PATIENTS WITH PVT

Francoz, 200550 Prospective 19
Cirrhosis, aw
LT

Amitrano, 201072 Retrospective 28 Cirrhosis

Garcovich, 2011105 Retrospective 15 Cirrhosis

Delgado, 201270 Retrospective 55 Cirrhosis

Senzolo, 201273 Prospective 35 Cirrhosis

Werner, 201371 Retrospective 28
Cirrhosis, aw
LT

Chung, 2014106 Prospective 14 Cirrhosis

Risso, 2014107 n.a. 50
Cirrhosis, aw
LT

Cui, 201574 Prospective 65 HBV cirrhosis

Chen, 201667 Retrospective 30 Cirrhosis

Wang, 2016108 Prospective 31 Cirrhosis

Zhang, 2017109 Prospective 7
Decompensa
cirrhosis

Hanafy, 201879 Prospective 80 HCV cirrhosis

Pettinari-Vukotic,
2018110

Retrospective 81 Cirrhosis

HBV, hepatitis B virus; HCV, hepatitis C virus; LT, liver transplantation

JHEP
prevent decompensation and improve survival.
LMWH use even in patients with advanced liver
disease was totally safe. Safety has been confirmed
in other small uncontrolled studies using LMWH in
absence of PVT.27,104

A prospective trial for PVT prophylaxis with the
new oral anticoagulant Rivaroxaban is ongoing but
no data are so far available (ClinicalTrials.gov Iden-
tifier: NCT02643212).

PVT treatment
Several studies, using both heparins (both unfrac-
tioned and LMWH) and VKAs have been published.
They have been recently reviewed in a comprehen-
sive meta-analysis by Loffredo et al.,75 which shows
on in patients with cirrhosis/advanced fibrosis.

sis/ Type of
Anticoagulant

Duration of
anticoagulation

Outcome(s)

liver
Heparin/LMWH 3 weeks

Improved liver function, reduced collagen
proliferation

LMWH 3 weeks
Improved liver function, improved portal
vein blood flow velocity, improved collagen
levels

hosis
LMWH 12 months

Reduced decompensation rate, reduced
bacterial translocation and inflammation,
improved survival

ns-
lated VKAs 12 months Decreased fibrosis

aiting LMWH followed by
VKAs

8 months 42% of complete PV recanalization

LMWH 6 months
33% of complete and 50 % of partial PV
recanalization

LMWH 6 months 47% of PV recanalization

LMWHs or VKAs 7 months 60% of partial or complete PV recanalization

LMWH 6 months
36% of complete and 27% of partial PV
recanalization

aiting
VKAs 10 months

39% of complete and 43% of partial PV
recanalization

VKAs 4 months
43% of complete and 27% of partial PV
recanalization

aiting
n.a. n.a. 70% of PV recanalization

LMWH 6 months 78% of partial or complete PV recanalization

VKAs 8 months 68% of PV recanalization

VKAs 12 months 100% of PV recanalization

ted
Fondaparinux 1-3 weeks 100% of PV recanalization

Rivaroxaban vs.
VKAs

6 months
85% of PV recanalization with rivaroxaban;
45% with VKAs

LMWH (69%), Fon-
daparinux (19%) or
VKA (12%)

13 months 57% of PV recanalization

; PV, portal vein; PVT, portal vein thrombosis; VKAs, vitamin K antagonists.
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that patients with liver cirrhosis and PVT responded
to anticoagulant therapy with an increased rate of
recanalization and with reduced progression of
thrombosis and did not experience significant side
effects from therapy. Less clear is whether there
was a positive effect on outcome, both in term of
bleeding episodes and occurrence of decompensa-
tion. This is not surprising as all studies but 5 were
retrospective, all were small-sized, the treatment
protocols were heterogeneous as was the Child-
Pugh class or model for end-stage liver disease
score at enrolment (Table 2).

Very similar drawbacks can be found in the stu-
dies with the recently introduced DOACs. Because
no data on their safety in patients with chronic
liver disease were available from registration stu-
dies, several groups started small pilot studies to
ascertain their safety (reviewed in111). All studies
confirmed that DOACs could be safely used in
chronic liver disease but their efficacy in PVT treat-
ment is still to be ascertained.

Recently, a non-pharmacological approach to
PVT treatment with transjugular intrahepatic por-
JHEP
tosystemic shunt was also developed. Results are
reviewed in Valentin et al.112 but will not be dis-
cussed in this review, as these studies are not
anticoagulation-based.

On the whole, convincing data about a real
advantage from treatment of PVT are lacking, as
obtaining recanalization of portal vein does not
guarantee per se an improvement of the course
of chronic liver disease. A prospective study with
well-defined endpoints in a well-characterized
cohort of patients would probably be the only
way of clarifying these issues. An ongoing pro-
spective study, presented at The Liver Meeting™
2018, in patients with Child-Pugh class A cirrhosis
shows that the occurrence of PVT in these patients
is low (3% at 1 year and 7% at 3 years) and does
not negatively influence the course of disease.
However, the effect of anticoagulation for PVT
treatment should be prospectively evaluated in
more advanced patients with cirrhosis, i.e. Child-
Pugh class B/C, as in these patients the possible
favourable effect of anticoagulation could be
greater.
P, et al. Clin-
Epub 2014 Apr 5. PubMed PMID: 2471
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