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Abstract: In this review, we analyze the epidemiology of thromboses related to end-stage liver disease (ESLD), discuss causes of
hypercoagulability, describe susceptible populations, and critically evaluate proposed prophylaxis and treatment of thromboses.
Classically, ESLD has been regarded as a model for coagulopathy, and patients were deemed to be at high risk for bleeding com-
plications. Patients with ESLD are not auto-anticoagulated, and they do not have a lower risk of portal vein thrombosis, intracardiac
thrombus formation, pulmonary embolism or hepatic artery thrombosis. Though the cause of hypercoagulability is multifactorial,
endothelial dysfunction likely plays a central role for all patients with ESLD. Some subpopulations, such as patients with nonalco-
holic steatohepatitis and autoimmune conditions, are at increased risk of thrombotic events as are patients of Hispanic ethnicity.
The science behind prophylaxis of different types of clotting and treatment of thromboses is developing rapidly. A number of med-
ications, including low molecular weight heparin, unfractionated heparin, aspirin, vitamin K antagonists, and direct oral anticoag-
ulants can be used, but clear guidelines are lacking. Acute intraoperative clotting can be associated with high mortality. Routine
use of transesophageal echocardiography can be helpful in early recognition and treatment of intraoperative thrombosis. Heparin
should be reserved for cases of intracardiac thrombus/pulmonary embolismwithout hemodynamic instability. In unstable patients,
low dose of recombinant tissue plasminogen activator can be used. In this new era of heightened awareness of thrombotic events
in ESLD patients, prospective randomized trials are urgently needed to best guide clinical practice.
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End-stage liver disease (ESLD) is associated with com-
plex alterations in the physiology of multiple biological

systems in the human body.One of these fundamental changes
is the reduced ability of the liver to synthesize proteins, includ-
ing procoagulation and anticoagulation factors. Classically,
ESLD has been regarded as amodel for coagulopathy, and pa-
tients were deemed to be at high risk for bleeding complica-
tions. It has, however, been demonstrated that patients with
cirrhosis rarely have unprovoked bleeding when compared
to patients on anticoagulant therapy, patients with other ac-
quired coagulopathies, or those with congenital coagulation
deficiencies.1 If bleeding does occur, the sites are typically
gastrointestinal and related to increased portal pressure.

Early liver transplantations (LT) were associated with dra-
matic bleeding and requiredmassive transfusions of fresh fro-
zen plasma and other blood products to correct abnormal
hemostasis, as reflected by laboratory tests. Over time, due
to improved surgical procedures and anesthesia manage-
ment, the need for transfusions has declined,2 arguing against
the clinical relevance of standard laboratory assays, such
as the International Normalized Ratio (INR), activated
partial thromboplastin time, and blood platelet count in
assessment and prediction of bleeding tendency.3 Research
has clearly demonstrated that patients with ESLD are not
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auto-anticoagulated, but predisposed to thromboses dur-
ing each stage of LT.4

Recently, much has been published on hypercoagulability
in ESLD. This review provides a broad overview of this sub-
ject. Based on most recent important literature, the authors
also made recommendations for prophylaxis and treatment
of thromboses, with emphasis on the period preceding and
immediately after LT.Determinationof levels of evidence and rec-
ommendation for treatment were based on current guidelines.5
CAUSES OF HYPERCOAGULABILITY IN ESLD

Hypercoagulability in patients with ESLD is associated
with fundamental changes in the coagulation profile at the
level of primary, secondary and tertiary hemostasis. Though
the cause of hypercoagulability is multifactorial, endothelial
dysfunction (ED) likely plays a central role.

The endothelium is the largest organ in the human body,
comprising of more than 1013 cells.6 It separates blood from
underlying tissue thereby maintaining coagulation homeo-
stasis at the vascular wall. Endothelial dysfunction alters vas-
cular tone as well as local pro/anticoagulant balance due to
expression of tissue factor on the surface of endothelial cells.7

Endothelial cells synthesize tissue factor pathway inhibitor
which may be decreased in ESLD.8 Inflammation and oxida-
tive stress also cause ED.9Hepatic ED induced by inflammation
is mediated by activation of Toll-like receptors and secretion of
tumor necrosis factor-α.6 Endotoxin, also known as lipo-
polysaccharide, is a component of the cell wall of gram neg-
ative bacteria. Lipopolysaccharide is recognized by Toll-like
receptors and induces production of tumor necrosis factor-
α by monocytes in cirrhotic patients.10 Portal endotoxemia
occurs under physiological conditions.11 Endotoxin is absorbed
from the colon and cleared by hepatic Kupffer cells. Liver injury
leads to leakage of endotoxin into the systemic circulation
due to reduced reticuloendothelial clearance and portosystemic
shunts.7 Violi et al7 demonstrated elevated blood endotoxin
concentrations in cirrhotic patients. In these patients, a gradient
exists between endotoxin concentrations in the portal circula-
tion and lower concentrations in the systemic circulation, albeit
still higher than concentrations in controls. The same study
demonstrated a correlation between endotoxemia and pro-
thrombin F1 + 2, a marker of thrombin generation, suggest-
ing an ongoing prothrombotic state in the portal circulation
of cirrhotic patients. Nitric oxide dysregulation, a frequent
finding in patients with ESLD, is associated with ED.12

ED is responsible for increased production of liver-
independent coagulation factors such as von Willebrand factor
(vWF), factor VIII (FVIII), and plasminogen activator inhibitor
one (PAI-1).13-16These alterations, in combinationwith changes
in the balance of coagulation/anticoagulation and fibrinolytic/
antifibrinolytic factors, affect all levels of the hemostatic system
(Figure 1).

Cirrhotic patients are often thrombocytopenic due to
splenic sequestration and also impaired.16 In addition, in vitro
platelet function is reduced.17 Levels of vWF are abnormally
high in ESLD and correlate with severity of liver disease. The
cleaving protease ADAMTS13 regulates the multimeric struc-
ture of vWF. Cirrhotic patients have reduced ADAMTS13
levels with elevated amounts of high-molecular-weight vWF
in circulation.18 Lisman et al16 found the functional capacity
of vWF was reduced and ADAMTS13 levels were highly
variable, concluding that high levels of vWF compensate
for a reduction in function of the protein. Despite a reduced
number of platelets due to splenic sequestration, this change
in concentration of vWF is a key factor responsible for hyper-
coagulability. In addition, cirrhosis is associated with chronic
inflammation and low-grade endotoxemia which may lead
to platelet hyperreactivity suggesting that there is less of a pri-
mary hemostatic clotting defect present in cirrhotic patients
than previously thought.19

Secondary hemostasis depends on coagulation factors, many
of which are synthesized by the liver. Factor V and Vitamin
K-dependent factors (II, VII, IX and X) are reduced in severe
liver disease, reflected by an elevated INR.13 Proteins S and C
are also vitamin K-dependent anticoagulants produced by
the liver. Their concentrations are decreased in ESLD,20 thereby
compensating for the reduction in plasma procoagulant
levels.15 It has been demonstrated that in ESLD, not just the
concentration, but also the activity of anticoagulation factors
including proteins S, C as well as antithrombin III (ATIII) is
significantly reduced.20 Conventional coagulation tests such
as the INR do not allow full activation of protein C and do
not reflect this compensation; therefore INR does not predict
bleeding risk.1,20 Decreased concentration of protein C is
also responsible for hypercoagulability due to its involve-
ment in the thrombomodulin pathway. Under normal condi-
tions thrombomodulin (an endothelial receptor) activates
protein C with subsequent suppression of thrombin genera-
tion. In vitro thrombomodulin resistance increases with sever-
ity of liver disease suggesting a procoagulant imbalance.3

Resistance to thrombomodulin due to ED in combination
with protein C deficiency can lead to thrombin overproduc-
tion. These changes, as well as overall design of coagulation
tests created to assess procoagulant function but not antico-
agulant function, have led to a situation where conventional
coagulation tests do not reflect the actual coagulation status
of patients in ESLD.21,22 Viscoelastic testing provides reliable
information regarding all components of the coagulation sys-
tem and should be used for assessment of coagulation in pa-
tients with ESLD.23,24

Fibrinolysis, or tertiary hemostasis, is a highly regulated
mechanism by which fibrin is lysed by plasmin, thereby con-
trolling excess fibrin formation. Plasmin's proenzyme plas-
minogen is activated under normal circumstances by tissue
plasminogen activator (t-PA), urokinase plasminogen activa-
tor, and activated factor XII. These activators are balanced
by inhibitors, such as PAI-1, plasmin inhibitor, and thrombin
activatable fibrinolysis inhibitor.3 Fibrinolysis becomes hy-
peractive in up to 46% of liver cirrhosis patients.14 Plasmin-
ogen and antiplasmin levels are reduced in ESLD. Factor XIII
and thrombin activatable fibrinolysis inhibitor concentra-
tions are also lower in cirrhotic patients.15 Simultaneously,
there are increased levels of t-PA (due to decreased metabo-
lism in the liver) and PAI-1 (due to increased endothelial pro-
duction).25 These changes in profibrinolytic and antifibrinolytic
drivers most likely restore the balance of fibrinolysis in patients
with liver disease to some extent,3 albeit with reduced reserve
and a tendency to be tipped to one side or the other due tomi-
nor homeostatic perturbations. Reliable laboratory tests for
global assessment of fibrinolysis are lacking.26

Clot stability also contributes to hypercoagulability in pa-
tients with ESLD. Recentwork describes abnormal fibrin clot
structure and function as a risk factor for thrombosis, including
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FIGURE 1. Summary of factors contributing to portal vein thrombosis.
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arterial and venous thromboembolic events.27 Hugenholtz
et al28 demonstrated that the kinetics of clot structure were
decreased, leading to slower clot formation with an associ-
ated decreased clot permeability in cirrhotic patients. These
changes are probably due to modification of the fibrinogen
molecule in an oxidative environment. Decreased clot perme-
ability impairs thrombolytic activity, predisposing to throm-
botic events.

The role of thrombophilic genetic factors is well established
in venous thromboembolism (VTE), and a thrombophilic
genotype may be present in upwards of 69.5% of cirrhotic
patients who develop portal venous thrombosis (PVT).29 Co-
agulation factor V (FV) is a cofactor of the prothrombinase
complex that activates thrombin leading to the formation
of a blood clot. Factor V Leiden (FVL) is an autosomal dom-
inant genetic mutation of FVwhere activated protein C is un-
able to inactivate the clotting factor.30 The prevalence of this
condition is between 2% and 15% in the general popula-
tion.31 Excessive clotting due to this disorder is mainly ve-
nous and it is the most common contributor to deep venous
thrombosis (DVT).32 Homozygotes are at an increased risk
versus heterozygotes: 50- to 100-fold versus fivefold to 10-fold
increased risk of VTE, respectively.33 Patients with hepatitis C
infection have an odds ratio (OR) of 4.0 of developing cirrho-
sis in the presence of FVL-related activated protein C resis-
tance.34 Factor V Leiden increases the risk for arterial
thrombosis. It has been demonstrated that recipient FVL is
a risk factor for developing hepatic artery thrombosis (HAT)
after LT. A study by Fan et al demonstrated a baseline risk
for HAT after LT of 3.8% while 30% of patients with FVL
developed this complication postoperatively.35

Prothrombin G20210A mutation (PTHR A20210) leads to
elevated plasma prothrombin levels and is a moderate risk
factor for venous thrombosis (OR, 2.8).36 Some data suggest
a higher prevalence of PTHRA20210 in cirrhotic patients pre-
senting with PVT, but a meta-analysis by Qi et al30 did not
confirm this finding. High plasma homocysteine level is a
known risk factor for venous thrombosis, and mutation in
the methylenetetrahydrofolate reductase gene (MTHFR
C677 → T) was found in 43.5% of cirrhotic patients with
PVT, compared to 5% in those without PVT.29 In a larger
study performed by the same group, the MTHFR mutation
was not associated with PVT.37 Amitrano et al29 reported 2
cases of combined genetic defects leading to venous intestinal
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infarction in patients with liver cirrhosis. One patient had
FVL + MTHFR C677 → T mutations and the other one had
PTHR A20210 + MTHFR C677 → T mutations.

Myeloproliferative neoplasms (MPN) are common causes
of PVT of noncirrhotic origin. These conditions, although
rare, should be considered in cirrhosis patients with PVT.30

JAK2V617F mutations are present in 7% of patients with
PVT and liver cirrhosis.38

Thrombophilic geneticmutations aremore likely to predis-
pose patients with ESLD to thrombotic events compared with
the general population due to their hypercoagulable profile.

Antiphospholipid antibodies are commonly found in patients
with primary biliary cirrhosis.39 Antiphospholipid antibodies
are also frequently found in patients with Hepatitis C, where
their presence may be due to immunologic effects of the hep-
atitis C virus (HCV), or due to prolonged tissue damage.40Qi
et al41 demonstrated in a meta-analysis an association be-
tween PVT in liver cirrhosis and anticardiolipin antibodies.

In conclusion, despite the decreased concentrations of both
procoagulation and anticoagulation factors produced by the
liver, hepatic failure does not necessarily lead to a balanced
coagulation profile. In ESLD several pathophysiologicalmech-
anisms, especially profound ED, may be responsible for a
hypercoagulable state with the potential for severe throm-
botic complications.
ESLD AND VTE

Traditionally, patients with liver cirrhosis have been regarded
as being at reduced risk for VTE.42 The evidence describing
VTE risk has been conflicting. The majority of early evalua-
tions were relatively small single-center studies that did not
reflect a tendency for thrombosis associated with ESLD.43,44

Analyses ofmuch larger populations from national and inter-
national databases were necessary to determine this associa-
tion. One of the first significant evaluations was published in
2008 as a case-control study at a tertiary hospital, comparing
963 subjects with cirrhosis to 12405 controls. Patients with
cirrhosis did not have a lower risk of DVTor pulmonary em-
bolism (PE) in comparison to controls.45 The risk for VTE in
advanced liver disease was lower than in patients with con-
gestive heart failure or cancer. In a retrospective analysis of
the Danish National Registry, Søgaard et al demonstrated
that chronic liver disease (CLD), both in the presence or ab-
sence of cirrhosis, was associated with a higher relative risk
of unprovoked VTE compared to controls with ORs of
2.06 and 2.1 respectively.46 VTE in cirrhotic patients was as-
sociated with increased short termmortality. In a subsequent
study, Søgaard's group found that adjusted 30-day mortality
rate ratios were 2.17 and 1.83 for DVTand PE, respectively.47

In a similar nationwide analysis of hospitalized patients in the
United States, Wu and Nguyen48 demonstrated that the OR
for VTE was 1.23 in compensated cirrhosis, and 1.39 in de-
compensated cirrhosis, but only in those younger than45years
of age. This study, using data from the National Inpatient
Sample, also showed an increased mortality associated with
VTE in cirrhotic patients (ORs, 2.16 and 1.6 in compensated
cirrhosis and decompensated cirrhosis, respectively).

After these publications, the relationship between CLD
and thromboembolismwaswidely recognized. The incidence
of VTE in hospitalized patients with CLD varies between
0.5% and 8.2%.45,48-50 “Auto-anticoagulation” in the setting
of an elevated INR in this population does not exist.4

Dabbagh et al50 described 190 subjects who developed VTE
over a 7-year period. Notably, 51 of these subjects' INR was
equal to or greater than 2.2.

ESLD AND PERIOPERATIVE THROMBOSIS

Preoperative

End-stage liver disease is associated with thrombosis at each
stage of LT: preoperatively, intraoperatively, and postopera-
tively. Portal vein thrombosis (PVT) occursmost frequently pre-
operatively, with an incidence between 0.5% and 16%.4,48,51

Englesbe et al52 report a PVT incidence of 2% among patients
on the LT waiting list. PVT among LT recipients was higher
(4%) and was associated with a 30-day death hazard ratio
(HR) of 1.5, and a 1-year mortality HR of 1.52.52 Singhal
et al20 reported a PVT incidence of 12.8% in 47 consecu-
tive patients with ESLD. An association between PVTand in-
creased morbidity and mortality was demonstrated in several
publications.51,53-55

Intraoperative

Intraoperative thrombosis is a serious complication associ-
ated with a very high mortality rate. The incidence of throm-
boembolic events in the form of intracardiac thrombus (ICT)
or PE during LT ranges from 1% to 6%.56,57 ICT/PE has been
described during all stages of LT, but most frequently around
reperfusion.58 Predisposing factors are preoperative VTE, a
transjugular intrahepatic portosystemic shunt (TIPS), veno-
venous bypass during LT, presence of pulmonary artery and
dialysis catheters, and exposure to antifibrinolytic agents. In-
traoperative mortality after PE is 30% and in-hospital mortal-
ity is 45%.58 The relatively low incidence of intraoperative
clotting events probably reflects the historically low utilization
rate of intraoperative transesophageal echocardiography (TEE).
However, TEE is routinely used, the incidence of thrombosis
seems to be much higher, but not necessarily associated with
hemodynamic instability. Schillcutt et al59 report abnormal
TEE findings in 88% of patients in a retrospective analysis.
44% of patients demonstrated evidence of microemboli,
32% demonstrated ICT and 5% PE. The presence of ICT
or biventricular dysfunction was predictive of major cardiac
adverse events as well as increased mortality.

Postoperative

Post-LT thrombotic events manifest as VTE, PVT, and
HAT. The incidence of posttransplant VTE is 5-10%, with
a 4.6% incidence 1 year after LT.60 Post-LT PVT is a rela-
tively infrequent complication with an incidence about 2%
and can be associated with preoperative PVT.61 Acute post-
operative PVT a high morbidity and mortality, often necessi-
tating urgent redo LT. PostoperativeHAT is classified as early
(within the first 90 days after LT depending on the particular
author) or late. Late HAT does not usually lead to graft fail-
ure, but early postoperative HAT frequently requires urgent
retransplantation.61 Pretransplant PVT is associated with
posttransplant thrombosis.53,61,62 Hepatic artery thrombo-
sis is present in more than 6% of patients after LT, is more
common in pediatric LT, and is frequently associated with
graft failure and increasedmortality.63 Although technical fac-
tors play a role in the development of HAT, nonsurgical fac-
tors such as low recipient weight, sclerosing cholangitis,
cytomegalovirus recipient/donor mismatch, retransplantation,
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and prolonged cold ischemic time are also associated with in-
creased rates of early HAT.64 In a prospective study by Eldeen
et al,65 828 patients underwent LTand 79 patients (9.5%) de-
veloped HAT. Twenty-three of these patients developed early
HAT—defined by the authors as occurrence within 21 days
of transplant. Amaximumamplitude value of 65mmor greater
on preoperative thromboelastography carried a hazard ratio
of 5.28 of developing early HAT.

ESLD POPULATIONS SUSCEPTIBLE TO
THROMBOTIC EVENTS

The association between ESLD and hypercoagulability is
well recognized. There are, however, special populations that
are at even greater risk in addition to the risk from ESLD.

Nonalcoholic Steatohepatitis

PE/DVT and PVT appear to occur more frequently in pa-
tients with liver cirrhosis due to nonalcoholic steatohepatitis
(NASH), independently of other factors predisposed to throm-
bosis such as diabetes and obesity.66-68 Chronic inflammation
in this condition leads to oxidative injury and ED with subse-
quent alteration in hemostatic balance. Major contributors to
this procoagulant state are increased concentrations of several
factors including FIX, FXI, and FXIII as well as reduced pro-
tein C levels. FVIII, vWF and PAI-1 are increased to a greater
degree than in other patients with ESLD.69,70 Potze et al71

challenge this view, suggesting that the increased risk for
thrombotic events in NASH-related cirrhosis is probably not
due to altered hemostasis but rather due to hypofibrinolysis
and altered fibrin clot structure associated with obesity. De-
spite this, multiple other studies have shown that the risk of
VTE in NASH persists even when adjusting for confounding
metabolic factors including obesity.68,72

Autoimmune Conditions

Bezinover et al62 demonstrated that causes of ESLD related
to autoimmune conditions predispose patients to periopera-
tive thrombosis. In their retrospective database analysis, au-
toimmune hepatitis was associated with both preoperative
PVT and postoperative thrombotic complications. Primary
biliary cirrhosis and primary sclerosing cholangitis were as-
sociated mostly with postoperative thrombosis. The cause
of this association is likely chronic inflammation, along with
increased release of cytokines. Fibrinogen and tissue factor
concentrations are higher in these patients than in those with
ESLD due to other causes.73,74

Chronic Hepatitis C

Chronic HCV infection may be a predisposing factor for
thrombosis. It has been demonstrated that HCV results in a
persistent inflammatory state leading to liver fibrosis.75 Chronic
HCV infection also leads to the production of various auto-
antibodies such anticardiolipins and is one of the causes of
antiphospholipid syndrome.76 Thrombin is generated at sig-
nificantly higher levels inHCVpatients.77 The predisposition
to thromboses of patients with HCV remains, however, con-
troversial and needs further evaluation.

Race and Ethnic Groups

In the general population, the prevalence of perioperative
thrombotic events is higher in patients of black or white race,
whereas it is lower in Asian patients.78-80 In general, African
Americans (AA) are predisposed to VTE events due to higher
levels of factor VIII and vWF and lower protein C levels.80

However, in patients with ESLD, a completely different dis-
tribution of PVT was demonstrated. The AA population
had the lowest prevalence of PVT in comparison to other eth-
nic groups, and the Hispanic population had the highest.68,81

The reason for the low prevalence of thrombosis in the AA
population with ESLD is not completely understood, but a
genetic predisposition to decreased portal pressure in the
AA population is currently under discussion.81

Association between Pre and Postoperative Thrombosis

Papers based on a nationwideU.S. transplant database eval-
uation clearly demonstrated an association between preoper-
ative PVT and postoperative HAT.53,61,62 The cause of this
phenomenon can be related to the fact that hypercoagulability
seen preoperatively does not resolve immediately after trans-
plantation.82 Also, ongoing post-LT ED69 in combination
with prolonged cold ischemic time and technically demand-
ing surgical anastomoses,53 makes patients with PVT pre-
disposed to postoperative thrombotic complications.

Patients with conditions described above are potentially prone
to thrombotic events. Routine antithrombotic prophylaxis in
these susceptible populations is a frequent consideration.

ANTICOAGULATION IN ESLD

Heparin

The use of unfractionated heparin (UFH) and low-molecular
weight heparin (LMWH) in ESLD is well described.83-85 Liver
cirrhosis causes decreased antifactor Xa (anti-Xa) activity,
and concurrent increased INR and activated partial throm-
boplastin time.86 This makes monitoring of heparin therapy
very challenging.87 Uchikawa et al88 demonstrated that acti-
vated clotting time (ACT) measurement is a reliable method
for monitoring of LMWHanticoagulant effects during living
donor LT. The ACT level should be kept within normal range
to prevent hemorrhagic complications. This may be imprac-
tical when baseline ACT is already elevated in severe liver dis-
ease. ESLD is associated with decreased ATIII levels, possibly
renderingUFHandLMWHless effective,whereas lower anti-Xa
levels might still be adequate to produce clot.89 Reduced UFH
and LMWH effectivity may explain why Moorehead et al
found that VTE prophylaxis using UFH or LMWH was
not associated with a lower risk of VTE or an increased risk
of bleeding.90 There are several problems related to the use of
these agents. UFH and LMWHare administered parenterally
reducing patient compliance.91 Concern for heparin-induced
thrombocytopenia (HIT) and skin reactions may limit long-
term use of UFH and LMWH. The incidence of HIT in hos-
pitalized patients receiving thromboprophylaxis is 0.5%.92

Heparin-induced thrombocytopenia has been described in a
cirrhosis patient on therapeutic LMWH,93 but the risk of HIT
is unknown when prophylactic doses of UFH or LMWH
are used.84 LMWHmay accumulate in renal failure, complicat-
ing its use in patients with hepatorenal syndrome. UFH may
be a better option in patients with renal failure.86

Vitamin K Antagonists

Vitamin K antagonists (VKA) have a narrow therapeutic
margin and require regular monitoring as well as careful at-
tention to diet. In liver disease, the therapeutic margin may
be reduced due to alterations in pharmacokinetics related to
absorption, volumes of distribution, and protein binding.



TABLE 1.

Classification schemes for levels of evidence and
recommendations

Category of evidence

I Evidence from randomized controlled studies
II Evidence from nonrandomized experimental studies
III Evidence from nonexperimental descriptive studies
IV Expert opinion

Grade of recommendation

A Directly based on category I evidence
B Directly based on category II evidence, or extrapolated

recommendation from category I evidence
C Directly based on category III evidence, or extrapolated

recommendation from category I or II evidence
D Directly based on category IV evidence, or extrapolated

recommendation from category I, II, or III evidence

Adapted with permission from BMJ Publishing Group Ltd. Clinical guidelines: developing guidelines.
Shekelle PG, Woolf SH, Eccles M, Grimshaw J. BMJ. 1999;318:593-6. Copyright © 1999 British
Medical Journal Publishing Group. Adaptations are themselves works protected by copyright. So in
order to publish this adaptation, authorization must be obtained both from the owner of the copyright
in the original work and from the owner of copyright in the translation or adaptation.
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Vitamin K antagonists are difficult to monitor in liver cirrho-
sis because of baseline changes in INR, as well as high
between-laboratory variability in the INR of cirrhotic pa-
tients,87 putting them at risk for overdosing as well as
underdosing.94 Selection of a target INR range for VKA ther-
apy is frequently empirical in this population.91 Altering INR
increases a patient'sModel for End Stage Liver Disease score,
with subsequent organ allocation implications. Alternative
reliable monitoring tests for VKA use in cirrhosis have not
been established. Despite all the above deficiencies, Kuo
et al demonstrated, in a retrospective case-control study
using the Taiwanese National Health Insurance Research
Database, that warfarin use in cirrhosis subjects with atrial
fibrillation was effective for prevention of ischemic stroke
compared to no intervention.95 A total of 9056 subjects with
cirrhosis were included in this study, of which 754 were
treated with warfarin. These subjects had fewer complica-
tions such as encephalopathy and variceal bleeding. This
may be due to selection bias, as subjects on warfarin had
fewer comorbidities, as reflected by their CHA2DS2VASc
scores, compared to those receiving no intervention.

Direct Oral Anticoagulants

Direct oral anticoagulants (DOAC) are attractive options
for use in ESLD. Experience with DOAC in cirrhotic patients
is limited because large clinical DOAC trials excluded pa-
tients with ESLD. These agents inhibit single coagulation
proteases and function independently of ATIII. Rivaroxaban,
apixaban and edoxaban are direct factor Xa inhibitors, cleared
by the liver and kidneys. Rivaroxaban is not recommended for
use in patients with Child-Turcotte-Pugh (CTP) class B and C
cirrhosis due to reduced anticoagulant effect in vitro, while
anticoagulation potency in CTPA and B patients are similar
to controls.96 DOACs do not induce HITand do not require
frequent laboratory monitoring, although commercially avail-
able drug levels are expected in the near future.87 Clinically,
major bleeding rates appear to be similar to rates in patients
receiving traditional anticoagulation, but more research is re-
quired.97 Dabigatran, a direct factor IIa inhibitor, is elimi-
nated mainly by the kidneys. Moderate liver impairment
does not affect its pharmacokinetics,98 although accumula-
tion in kidney failure requires dosage adjustment.99 Potze
et al96 demonstrated in an in vitro study that the anticoagu-
lant effect may be higher in patients with ESLD but this
needs to be confirmed by clinical studies. The anticoagulant
effect of DOACs may be reversed by prothrombin complex
concentrates, or dialysis in the case of dabigatran.100

Idarucizumab is the only agent approved by the US Food and
Drug Administration to reverse the effects of dabigatran.101

Intagliata et al102 describe the successful use of idarucizumab
to reverse the anticoagulant effects of dabigatran during LT,
which was completed safely with neither bleeding nor throm-
bosis. Andexanet alfa, a reversal agent for rivaroxaban and
apixaban, was also recently approved by the Food and Drug
Administration, however, use in cirrhosis patients has not
been described. The risk of bleeding in cirrhosis patients
using DOACs seems to be similar to when traditional antico-
agulants are used.97 Apixaban and edoxaban appear to be
safe in CTP Class A and B patients.97,103,104 Anticoagulation
with apixaban is less effective in CTP C patients,105 and little
is known about edoxaban and CTP C patients.91 The first
approved factor IIa inhibitor, ximelatragan, was withdrawn
due to hepatotoxicity.106 Currently available DOACs seem
to pose little risk of drug-induced liver injury.107 In the mean-
time, we eagerly await the results from the CIRROXABAN
trial. (https://clinicaltrials.gov/ct2/show/NCT02643212)

Aspirin

Nonsteroidal antiinflammatory drugs are generally avoided
in both compensated and decompensated liver cirrhosis due to
the risk of acute renal failure.108 There is also a correlation be-
tween nonsteroidal antiinflammatory drugs use and bleeding
from esophageal varices.109 Patients with ascites may develop
acute renal failure, hyponatremia, and diuretic resistance in re-
sponse to aspirin treatment.110 Aspirin use appears to be
safe in cirrhosis patients without significant varices after
coronary stenting.111 Successful use of aspirin for prevention
of posttransplant HAT has been described,112 however other
studies have not confirmed these findings.113,114
PERIOPERATIVE ANTITHROMBOTIC MANAGEMENT

Portal Vein Thrombosis (PVT)

PVT Prophylaxis
To date, the topic of PVT prophylaxis remains controversial

and relatively unexplored. Consequently, consensus guidelines
are lacking.115 A study by Villa et al demonstrating safe preven-
tion of PVT using prophylactic LMWH dosing is promising as
the authors demonstrated not only PVT prevention, but also re-
duced bacterial translocation, incidence of hepatic decompensa-
tion, and improved survival.116 Others are of the opinion that
the data are insufficient to justifywidespreadprimarypharmaco-
logical PVT prophylaxis.87 PVT prophylaxis may be indicated
in cirrhotic patients awaiting LT or after hepatic resection.117

Recommendation

PVT prophylaxis cannot be recommended for or against
based on the currently available literature andmay be consid-
ered on an individual case by case basis at the discretion of
the treating physician (level of evidence III, recommendation
grade C—see Table 1).

https://clinicaltrials.gov/ct2/show/NCT02643212
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Treatment of Established PVT
Similar to PVT prevention, the treatment of PVT offers

controversy and the majority of consensus opinion focuses
on patients who are candidates for LTasmost studies guiding
clinical decision making have been retrospective with signifi-
cant limitations. Despite this, bleeding rates are acceptable
and, in general, are similar to what is expected in an acutely
ill medical patient population.89,93,97,118-127 Rates of minor
bleeding are from 1-13% and major bleeding, including
variceal hemorrhage, intracranial hemorrhage, and retro-
peritoneal hemorrhage, are 5-20%. It is important to note
that there is significant heterogeneity in the definition of
bleeding events which limits accuracy across the literature.
A recent meta-analysis of observational anticoagulation
treatment trials for PVT utilizing LMWH or VKAs128

demonstrated a 3.3% pooled bleeding rate (both major
and minor events) (95%CI 1.1-6.7%). Furthermore, antico-
agulation itself has previously been shown to not be predic-
tive of upper gastrointestinal bleeding events, both variceal
and nonvariceal.129

In general, treatment with anticoagulation should be con-
sidered in all patients with CTP Class A or B cirrhosis. VKAs,
LMWH or DOACs may all be considered in coordination
with hematology consultation. VKAs are limited by the fact
that patients with cirrhosis often have elevated PT-INR
values at baseline. Consequently, smaller doses of VKAs are
required to obtain the consensus therapeutic window, and
frequent careful monitoring, which inconveniences the pa-
tient and places burden on the healthcare system, are stan-
dard. LMWH is similarly limited in practicality as daily
injections require patient education and availability, and
proper storage of medical supplies. Furthermore, using
anti-Xa levels to guide dosing of LMWH is problematic in
patients with cirrhosis as patients often fail to achieve the de-
sirable therapeutic levels of anti-Xa with either prophylactic
or therapeutic dosing.89 LMWH also does not have a rever-
sal agent. DOACs, while widely used in cardiovascular and
hematologic disease with favorable safety and efficacy pro-
files, are largely experimental in patients with cirrhosis. Al-
though bleeding rates are similar when comparing VKAs or
LMWH use to DOACs for PVT treatment,97 clinicians have
been hesitant to use DOACs for this purpose. Prothrombin
complex concentrates may be considered as a surrogate for
a direct reversal agent to normalize PTwhile the newer rever-
sal agents are awaited.130,131

Historically, TIPS has been considered to be contraindi-
cated in patients with cirrhosis and PVT. However, more re-
cent reports have surfaced and TIPS is in fact a safe and
effective treatment for chronic PVT complicated by signifi-
cant portal hypertension or symptomatic complete occlusion
of the main portal vein.132-134 Rates of recanalization are
similar to or better than that published for anticoagulation
alone, ranging from 60-92%, depending on procedural tech-
nique (eg, transsplenic vs transjugular) and TIPS can be consid-
ered an equivalent alternative to chronic anticoagulation.135-137

TIPS is often undertaken with concomitant anticoagulation
and is often institution dependent, however recent reports
suggest that TIPS alone may be enough for recanalization
without chronic anticoagulation.136-138 Whether or not anti-
coagulation or TIPS is utilized, the ultimate goal is for either
to serve as a bridge to transplantation to keep the portal vein
patent, allowing the surgical graft to be constructed.
Recommendation

The use of anticoagulation for treatment of established
PVTcan be recommended on an individual basis with a mul-
tidisciplinary approach in collaboration with a hematologist.
There are insufficient data on the choice of one anticoagulant
over another. Caution should be used in advanced liver disease
with CPT Class B or C. (Level III, Grade C). TIPS is an effec-
tive treatment for chronic PVT in patients with cirrhosis and
portal hypertension (Level II, Grade B).

Venous Thromboembolism (VTE)

Deep vein Thrombosis (DVT) and PE Prophylaxis
VTE complications are associated with increased hospital

length of stay and cost, leading to increased healthcare bur-
den, in addition to inferior outcomes.139 Primary prevention
of VTE in the general population is achieved with LMWH,
fondaparinux, UFH, or anti Xa and IIa inhibitors.87 In a study
published in 2006, only 21% of hospitalized patients with
cirrhosis received thromboprophylaxis.4 A third of these pa-
tients received pharmacological prophylaxis, whereas the re-
mainder received mechanical thromboprophylaxis. A more
recent report found that 44% of patients with CLD received
pharmacological prophylaxis,140 suggesting an increasing
awareness about the risk for VTE in these patients.

Prospective literature regarding VTE anticoagulation in pa-
tients with ESLD is scarce, mostly based on data from patients
with PVT,141 and appears to be safe in this population.89,90

Lisman et al87 are of the opinion that patients with ESLD
should receive LMWH prophylaxis in all situations where
patientswithout liver diseasewould receive thromboprophylaxis,
such as hospitalization, postsurgery and immobilization.Vivarelli
et al demonstrated that the presence of esophageal varices
was the only independent risk factor for bleeding complica-
tions in patients with cirrhosis who received VTE prophylaxis
after liver resection for hepatocellular carcinoma.142 Mechan-
ical thromboprophylaxis (in the form of pneumatic compres-
sion devices or compression stockings) should be offered to
patients with contraindications to anticoagulation. Hospital-
ized cirrhosis patients should have individualized plans for
pharmacological VTE prophylaxis.90

Recommendations

Hospitalized and immobilized patients with cirrhosis with-
out contraindication should receive VTE prophylaxis with
either LMWH or UFH. (Level III, Grade C).

Treatment of DVT and PE
As the majority of anticoagulation studies in cirrhosis have

evaluated PVT, clinical recommendations for the treatment
of PE and DVT are often extrapolated from this similar area
of research. One retrospective study involving therapeutic
anticoagulation in 17 cirrhosis patients with VTE not asso-
ciated with PVT (11 patients with LMWH and 6 patients
with LMWH + acenocoumarol) 14 patients (83%) developed
hemorrhagic complications, of which 6 (35%) required blood
transfusions.143 Two recent prospective studies report a
low bleeding risk in patients with PVTon therapeutic anti-
coagulation.93,125 Lisman et al87 suggest initiating treatment
with LMWH, transitioning to VKA or maintaining long-term
LMWH therapy. The optimal dosing regime is unknown. Con-
servative dosing is recommended, especially in patients with se-
vere thrombocytopenia or renal failure. A recent experience
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from Intagliata et al97 examined patients with cirrhosis treated
with DOAC versus traditional (LMWH or VKA) and found
no difference in bleeding rates when comparing the 2 groups.
Of the 39 patients who were, 16 had VTE.97 There was no
difference between cohorts in bleeding events (4 [20%] of
20 in DOAC group versus 3 [16%] of 19 in traditional anti-
coagulant group).

Recommendation

Patients with cirrhosis and VTE should be treated with an-
ticoagulation similar to other medical patients. There is no
agent of choice and LMWH, UFH, VKAs, and DOACs can
be considered on an individual basis (level III, grade C).

Acute Intraoperative Thromboses

There are many reports describing ICT or PE during
LT.56,57,144-146 These cases are usually associated with dra-
matic changes in hemodynamics and frequently have bad out-
comes. Due to more common use of intraoperative TEE, ICT
seems to be a relatively frequent finding in patients undergoing
LT. Intracardiac thrombus as detected by TEE is not neces-
sarily associated with hemodynamic instability, nor does it
always require treatment.59,146 There are only a few reports
of successful management of symptomatic ICT or PE during
LT. Techniques used to treat ICTand PE include the use of re-
combinant t-PA (rTPA), thrombectomy, extracorporeal circu-
latory support, and intravenous heparin with various degrees
of success.145,147,148 In early publications, acute PE with circu-
latory compromise was treated with 40 to 100 mg of intrave-
nous rTPA administered over 2 hours.149,150 This treatment
is associated with hemorrhage, which may be severe during
LT. Recombinant t-PA doses of 0.5 to 4 mg administered
through a central vein during LTappear to be safe and effective,
albeit with increased transfusion requirements.145 Protin et al146

propose an algorithm based on the size and progression of an
ICT visualized by TEE. Management options include watchful
waiting, heparin infusion, and rTPA administration. More
prospective research is needed to guide management of this
potentially devastating condition.

Recommendation

Routine use of TEE may help early recognition and treat-
ment of intraoperative thrombosis before significant hemo-
dynamic instability occurs. Administration of heparin should
be reserved for ICT/PE without hemodynamic instability. In
an unstable patient, doses of rTPA 0.5 to 4 mg and higher (de-
pending of degree of instability) can be used (level IV, gradeD).

HAT

Hepatic artery thrombosis is diagnosed by hepatic artery
palpation or Doppler ultrasonography. Restoration of graft
function requires immediate surgical arterial thrombectomy
and reconstruction.151 In liver recipients at risk for HAT,
thromboprophylactic strategies with heparin or aspirin may
be beneficial.152 The use of UFH and LMWH to reduce the
incidence of HAT in high risk populations such as pediatric
and living donor LT is described.153,154 Reports of use of hep-
arin during deceased donor LT are limited. Aspirin's role in
preventing early HAT seems unclear. Wolf et al report that
low-dose aspirin therapy (up to 81 mg per day) does not re-
duce early HAT incidence,113 whereas higher dose aspirin
(325 mg per day) reduced the incidence of early HAT from
3.9% to 1.8%.155 Both studies report a low incidence of
significant bleeding. The risk of late HAT seems to be sub-
stantially decreased in patients receiving aspirin (3.6% vs
0.6%).112 Prospective randomized trials are lacking. In addi-
tion, pretransplant PVT is associated with posttransplant
HATwithin the first 90 days after liver transplant.53,156Whether
or not use of an anticoagulant in a patient with pretransplant
PVT can prevent posttransplant HAT remains unknown.

Recommendation

Prophylactic administration of UFH and LMWH in the
immediate perioperative period, to reduce the incidence of
HAT in liver transplant recipients at high-risk for HAT, should
be considered on an individual basis. Recommendations for or
against chronic aspirin use to prevent HAT cannot be made
at this time. (level of evidence III, grade C).
CONCLUSIONS

The historical concept that patients with ESLD are auto-
anticoagulated is no longer valid. ESLD patients have reduced
hemostatic reserve, which can manifest as hypercoagulability
as much as, if not more often, than bleeding. Hospitalized
cirrhotic patients are at an increased risk of thrombotic
events and should be considered for thromboprophylaxis—
mechanical and/or pharmacological. There is a paucity of
data regarding thromboprophylaxis and treatment of VTE
in cirrhotic patients. Clinical practice is based on data from
the general population as well as from ESLD patients with
PVT. Anticoagulation appears to be a safe and effective treat-
ment for PVT on an individual basis, but cannot be univer-
sally recommended. Intracardiac thrombosis during LT and
HATare thrombotic complications unique to LT that require
urgent intervention. In this new era of heightened awareness
of thrombotic events in ESLD patients, prospective random-
ized trials are urgently needed to best guide clinical practice.
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