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DESCRIPTION: This expert review was commissioned and
approved by the AGA Institute Clinical PracticeUpdates Committee
and theAGAGoverningBoard toprovide timely guidance on a topic
of high clinical importance to the AGAmembership. The intent is to
evaluate the current data on mechanism of altered coagulation in
patients with cirrhosis, provide guidance on the use of currently
available testing of the coagulation cascade, and help practitioners
use anticoagulation and pro-coagulants appropriately in patients
with cirrhosis. METHODS: This review is framed around the best
practice points, which were derived from the most impactful
publications in the area of coagulation in cirrhosis and agreed to
by all authors. BEST PRACTICE ADVICE 1: Global tests of clot
formation, such as rotational thromboelastometry, thromboelas-
tography, sonorheometry, and thrombin generation, may even-
tually have a role in the evaluation of clotting in patients with
cirrhosis, but currently lack validated target levels. BEST PRAC-
TICE ADVICE 2: In general, clinicians should not routinely correct
thrombocytopenia and coagulopathy before low-risk therapeutic
paracentesis, thoracentesis, and routine upper endoscopy for
variceal ligation in patients with hepatic synthetic dysfunction–
induced coagulation abnormalities. BEST PRACTICE ADVICE 3:
Blood products should be used sparingly because they increase
portal pressure and carry a risk of transfusion-associated circu-
latory overload, transfusion-related acute lung injury, infection
transmission, alloimmunization, and/or transfusion reactions.
BEST PRACTICE ADVICE 4: The following transfusion thresholds
for management of active bleeding or high-risk procedures may
optimize clot formation in advanced liver disease: hematocrit
�25%, platelet count >50,000, and fibrinogen >120 mg/dL.
Commonly utilized thresholds for international normalized ratio
correction are not supported by evidence. BEST PRACTICE
ADVICE 5: Thrombopoietin agonists are a good alternative to
platelet transfusion, but require time (about 10 days) to elevate
platelet levels. BEST PRACTICE ADVICE 6: The large volume of
fresh frozen plasma required to reach an arbitrary international
normalized ratio target, limitations of the usual target, minimal
effect on thrombin generation, and adverse effects on portal
pressure limit the utility of this agent significantly. BEST PRAC-
TICE ADVICE 7: The 4-factor prothrombin complex concentrate
contains both pro- and anticoagulant factors that offer an
attractive low-volume therapeutic to rebalance a disturbed he-
mostatic system. However, dosage is, in part, based on interna-
tional normalized ratio, which is problematic in cirrhosis, and
published experience in liver disease is limited. BEST PRACTICE
ADVICE 8: Anti-fibrinolytic therapy may be considered in patients
with persistent bleeding from mucosal oozing or puncture wound
bleeding consistent with impaired clot integrity. Both ε-amino-
caproic acid and tranexamic acid inhibit clot dissolution. Neither
is believed to generate a hypercoagulable state, although both
may exacerbate pre-existing thrombi. BEST PRACTICE ADVICE 9:
Desmopressin releases von Willebrand factor as its primary he-
mostatic mechanism. As this factor is usually elevated in cirrhosis,
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the agent lacks a sound evidence-based foundation, but may be
useful in patients with concomitant renal failure. BEST PRACTICE
ADVICE 10: Systemic heparin infusion is recommended for
symptomatic deep vein thrombosis and portal and mesenteric
vein thrombosis, but there are unresolved issues regarding
monitoring with both the anti-Xa assay and the partial throm-
boplastin time due to cirrhosis-related antithrombin deficiency
(heparin cofactor). BEST PRACTICE ADVICE 11: Treatment of
incidental portal and mesenteric vein thrombosis depends on
estimated impact on transplantation surgical complexity vs risks
of bleeding and falls. Therapy with low-molecular-weight heparin,
vitamin K antagonists, and direct-acting anticoagulants improve
portal vein repermeation vs observation alone. BEST PRACTICE
ADVICE 12: Direct-acting anticoagulants, such as the factor Xa and
thrombin inhibitors, are relatively safe and effective in stable
cirrhotic patients, but are in need of further study in patients with
more advanced liver disease.

Coagulation in Cirrhosis: Thrombosis
and Bleeding

Coagulation disorders are an integral component of liver
disease and constitute a key aspect of most prognostic
scores. Bleeding issues have been the dominant clinical
problem for many years, but inappropriate clotting is now
recognized and is attributed to changes in the hemostatic
balance.1,2 Bleeding can be broadly divided into (1) portal
pressure driven with less relevance of hemostatic mecha-
nisms and (2) mucosal or puncture wound bleeding, which
often has a component of premature clot dissolution or
hyperfibrinolysis, which in liver disease has been named
accelerated intravascular coagulation and fibrinolysis
(AICF).2 The mechanism of hyperfibrinolysis remains un-
certain but involves changes in the thrombolytic system.3

Liver-derived dysfibrinogen may act as a counterforce to
clot dissolution.4 Inappropriate clotting is seen especially in
portal vein thrombosis (PVT) and mesenteric vein throm-
bosis, but also in peripheral limb deep vein thrombosis
(DVT). These often warrant challenging considerations of
anticoagulant therapy or prophylaxis. Hypercoagulability
stem Library from ClinicalKey.com by Elsevier on August 28, 2019.
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can also contribute to liver atrophy through
microthrombosis.5

A number of key changes in hemostatic pathways have
been elucidated—some favor bleeding and others favor
clotting (Figure 1). In stable cirrhosis, the system is reba-
lanced by off-setting factors, but generally the balance is
regarded as precarious and significantly influenced by other
factors, such as volume status, systemic infection, and renal
function. Thrombocytopenia is probably the best-known
change and is attributed to splenic sequestration and
decreased thrombopoietin (TPO). Platelet dysfunction has
also been described, but these anticoagulant changes are
significantly offset by increased endothelial-derived von
Willebrand factor (vWF).6 Similarly, diminished liver-
derived procoagulant factors, such as factors V, VII, and X,
cause prolongation of the prothrombin time, but are
significantly offset by diminished liver-derived anticoagu-
lant factors, especially protein C.7 Moreover, elevated
endothelial-derived factor VIII, coupled with low protein C,
contributes to a relatively hypercoagulable state.8 These
changes, together with relative venous stasis and endothe-
lial injury (Virchow’s triad) contribute to the common
development of PVT and occasional DVT in cirrhosis pa-
tients. These changes complicate pre-procedure prophylac-
tic strategies. In short, hemostatic pathways in cirrhosis are
often rebalanced in a precarious manner and these currents
can tip in either direction.

Tests of Hemostasis in Cirrhosis:
Strengths and Shortcomings

All currently available laboratory measures of hemo-
stasis have significant limitations in liver disease patients
and lack adequate prospective data, especially as pre-
procedure risk measures. None account for variables such
as volume status (portal-collateral pressure and flow), renal
function, or endothelial dysfunction.9 The international
normalized ratio (INR) is the most problematic because of
its entrenched but unfounded position in traditional medical
teaching. The test is a mathematical manipulation of the
prothrombin time and measures procoagulant factors I, II, V,
VII and X, but does not measure the deficit of liver-derived
anticoagulant factors, such as protein C. Moreover, the test
is “normalized” against warfarin-treated patients based on
the activity of an added commercially available thrombo-
plastin reagent. This causes significant variation in the INR
in cirrhosis between different hospitals, depending on which
thromboplastin is used in the test.1,10 Furthermore, use of
fresh frozen plasma to “correct” a prolonged INR in cirrhosis
does not actually change thrombin production (factor II),
but does exacerbate portal hypertension.2,3,11,12

Platelet-level manipulation is the other mainstay of
traditional teaching. The convergence of retrospective and
in vitro studies regarding platelet levels in the 50,000–
60,000 range as promoting thrombin generation has led to
this range becoming the target for prophylaxis.1,2,13,14

However, elevated vWF (see above) and increased circu-
lating activated platelets in cirrhosis are mitigating condi-
tions that have not been taken into consideration.4,15 When
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increased platelet levels are deemed urgently necessary,
single-donor platelet transfusion will minimize immunologic
risk. Thrombocytopenia in cirrhosis is multifactorial,
involving shortened platelet survival, platelet sequestration,
and/or inadequate bone marrow response. The lifespan of a
normal platelet is approximately 10 days and one-third are
sequestered in the spleen.16 The half-life of transfused
platelets has been reported to be as low as 2.5–4.5 days,17

and their function is diminished.18 As a result, when pro-
cedures are planned in advance, recently approved TPO
agonists are a nice alternative to platelet transfusion.19–21

TPO agonists have the advantage of not increasing portal
pressure and elevating platelets for longer than transfusions
can; however, eltrombopag has been associated with PVT
when platelets inadvertently increased dramatically in a
minority of patients.22 Both avatrombopag and lusu-
trombopag have more modest effects on platelet levels and,
when used for a short duration, have not had this issue in
currently available clinical trials.19–21 Dosing, duration of
use, and expected platelet increases are depicted in Figure 2.

Recently, fibrinogen levels have emerged as potentially
more meaningful than INR to couple with platelet levels as a
measure of bleeding risk, although target levels (usually
120–150 mg/dL) have to be conjectured from trauma
literature.23,24 When repletion of fibrinogen is desired,
cryoprecipitate can be used, and because it is contained in a
smaller volume than fresh frozen plasma, will have less of
an impact on portal hypertension. Ninety-eight percent of
fibrinogen is synthesized in the liver, and its half-life is
approximately 4 days in healthy individuals,25 which is
shortened in cirrhosis.26

Alternative means of assessing hemostatic pathways in
cirrhosis have been investigated as potentially more reli-
able. The thrombin generation assay or endogenous
thrombin production test has been instrumental in
advancing our understanding of hemostatic pathways in
cirrhosis, but seems unlikely to translate into a viable clin-
ical tool, although the field is evolving rapidly.

Whole blood tests are collectively known as “viscoelastic
elastic tests” (including thromboelastography [TEG], rota-
tional thromboelastometry [ROTEM], and sonorheometry),
and they offer potentially better means of simulating the
in vivo activity of the hemostatic pathways.27 These tests
depend on changes in a “resistance to motion” measure
(TEG, ROTEM) or ultrasound density (sonorheometry) that
detect thickness of an evolving clot. Using a small cuvette of
whole blood, both ROTEM and TEG transduce resistance to
stirring, as soluble factors become insoluble fibrin/platelet/
red blood cell clot and then decreased resistance as a clot
undergoes plasmin-driven dissolution (ie, lysis of the fibrin
clot). The reactions can be run with various clot stimulators
and additives to focus on different aspects of clot formation
and dissolution. Thus, reports often show several “channels”
wherein one may show the trace with inhibitors of platelets
or fibrinolysis, for example. Although more physiologic than
conventional tests, nuances of technique are unresolved
(duration of the trace and stimulators) and the tests them-
selves remain without well-defined parameters in cirrhosis
patients, thus requiring subjective interpretation of complex
stem Library from ClinicalKey.com by Elsevier on August 28, 2019.
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Figure 1. The mechanisms of altered coagulation that affect patients with cirrhosis are reviewed. Adapted with permission
from Tripodi et al.71
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Figure 2. A depiction of
how to use once daily
closed oral thrombopoietin
agonists before a proced-
ure in patients with
cirrhosis.
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data. The most consistent utility in the published literature
in cirrhosis has been the demonstration of intact clotting
mechanisms, despite abnormal conventional indices, thus
avoiding unnecessary plasma use.28
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Coagulation Assessment for
Procedures

Several common procedures do not routinely require
coagulation assessment in patients with cirrhosis before
their performance, and include diagnostic and therapeutic
paracentesis, common forms of thoracentesis, upper
endoscopy to screen for and band esophageal varices, and
diagnostic (but not therapeutic) colonoscopy29–31 (risk
levels for procedures defined in Intagliata et al1). Para-
centesis and thoracentesis have a large body of data,
including American Association for the Study of Liver Dis-
eases guidelines, supporting the low risk of bleeding, even in
patients with a combined elevation in INR and thrombocy-
topenia, and therefore the risks of transfusion greatly
outweigh the potential benefit.29,31 This does not apply to
pharmacologically anticoagulated and renal failure patients,
who may be at increased risk for bleeding from these
proceedures.32

Despite the shortcomings of measuring platelet count
and fibrinogen level, they are the standard of care assess-
ment of coagulation for all patients with cirrhosis when
determination of values is indicated before a procedure
(Table 1). Within the existing limitations, it is clear that
assessment and prophylactic measures need to be individ-
ualized and are best emerging from discussion among care
providers, the patient, and the team conducting an inter-
vention. The most important point to be considered is to
avoid those prophylactic measures, which offer only risk
without benefit.
CL
Risks of Blood Product Utilization
Blood product transfusion can be lifesaving, but the

risk of exacerbating portal hypertension from volume
expansion, bacterial and viral contamination, immunologic
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complications, and cost make it imperative to restrict
their use whenever possible. Although the immunologic
risks are fewer than the risks posed by increased portal
hypertension, transfusion-related lung injury and the
development of HLA antibodies that can impact subse-
quent transplantation or impair the ability to receive
further transfusions are serious complications.33

Transfusion-related lung injury rates increase in
conjunction with the number of transfusions and are
higher when platelets or plasma-containing blood prod-
ucts are utilized.34 The risks, which are often under-
estimated, are listed in Supplementary Table 1.35
Utilization of Pro-Coagulants, Including
Blood Products

Most hepatology practices in the past utilized fresh
frozen plasma and pooled platelet transfusions to the
exclusion of other agents. It is worth reconsidering these
practice patterns and incorporating other agents that have
lower volume and risk. When choosing to utilize pro-
coagulants and blood products, one must take into consid-
eration the immunologic and infectious risks of transfusion,
volume administered, and risks for clotting. The most
common options that can be considered are discussed.
Red Blood Cell Transfusions
When there is severe anemia and uremia, raising the

hematocrit �25% may improve the margination of platelets
and hemostasis. Total volume infused is approximately 250
mL/unit.
Platelet Transfusions
Platelets pooled from 5 or 6 single donors or that derive

from apheresis of a single donor when infused can be ex-
pected to increase the platelet count by 5,000–10,000. Total
volume infused is approximately 250 mL of platelet-rich
plasma/unit. There is decreased immunologic risk from
single donor vs pooled platelet transfusions.
stem Library from ClinicalKey.com by Elsevier on August 28, 2019.
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Table 1.Key Interventions in Procedural Bleeding Risk Mitigation, Thrombotic Complications in Cirrhosis, and Active Bleeding

Bleeding prophylaxisa Comment Anticoagulant therapy Comment Active bleeding Comment

Platelets �50,000 by infusion
or with TPO agonist if elective

Whether or not to recheck
platelets is debated but
recommended when
bleeding risk is assessed
as greater than minimal.a

Acute setting such as new
(especially if symptomatic)
PVT or extension of prior
thrombosis.

Systemic anticoagulation with
IV heparin or LMWH. Note,
asymptomatic incidentally
discovered PVT does not
invariably warrant therapy.
Spontaneous resolution
may occur, especially if
partial.

Portal hypertension–related Anti-portal hypertension
interventions, minimize
volume expansion and
blood product transfusions
due to effects on portal
pressure.

Fibrinogen �120 mg/dL Best achieved with
cryoprecipitate.
Weight-based dose usually
raises fibrinogen level by
50 mg/dL.

Chronic PVT especially in
patients listed for
transplantation or history of
symptomatic PVT or
mesenteric thrombosis.

DOACs are reported as safe
and effective in Child–Pugh
class A and early class B.
Vitamin K antagonists (eg,
warfarin) extensively
reported but problematic
due to uncertainty of target
INR.

Wound or mucosal oozing
suspicious for AIC or
hyperfibrinolysis

Platelets to �50,000,
fibrinogen �120 mg/dL,
Consider anti-fibrinolytic
agent (aminocaproic acid
or tranexamic acid).b The
role of other agents like
prothrombin complex
concentrate are not yet
defined.

Control infection Active infection may cause
release of endothelial-
derived “heparinoids,”
which can have an
anticoagulant effect.

DVT prophylaxis in
hospitalized patients with
cirrhosis is indicated.

In the absence of bleeding,
routine DVT prophylaxis
measures are
recommended.

Control infection Active infection may cause
release of endothelial-
derived heparinoids, which
can have an anticoagulant
effect.

Optimize renal function Superimposed renal failure is
associated with uremic
platelet dysfunction,
volume issues, and
changes in hemostatic
cascade.

— — Optimize renal function Superimposed renal failure is
associated with uremic
platelet dysfunction,
volume issues, and
changes in hemostatic
cascade.

Hematocrit of �25% is
suggested

Improves platelet margination
(rheology).

— — Hematocrit of �24% is
suggested

Improves platelet margination.

aThe need for prophylactic measures depends on procedure risk assessment. In general, minor procedures like paracentesis/thoracentesis and upper endoscopy with
banding do not require prophylaxis, although the authors recognize that risk assessment will vary in the clinical context. A consensus review of common procedure risks is
available from Intagliata et al.1
bAnti-fibrinolytic agents are not generally thought to induce a prothrombotic state, but can be problematic with pre-existing pathologic thrombus, such as PVT.
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Cryoprecipitate
Cryoprecipitate has a volume of 10–20 mL/U. The in-

crease in plasma fibrinogen from 1 U of cryoprecipitate per
10 kg body weight will be approximately 50 mg/dL. An
average dose is 5–10 U (50–200 mL).
Fresh Frozen Plasma
Fresh frozen plasma (approximately 250 mL/U and

dosed at 10 mL/kg) is not recommended to correct any
coagulation factor deficiency. After a high volume is infused,
there is a substantial increase in portal pressure.
Concentrated Vitamin K–Dependent Clotting
Factors

Prothrombin complex (4-factor concentrate) off-label
use has been reported in cirrhosis and has the advantage
of correcting vitamin K–dependent clotting factor de-
ficiencies. Because dosing is based on the INR, this mecha-
nism of monitoring is problematic in patients with cirrhosis;
however, because of the minimal volume required (10–20
mL), it deserves further study.
Thrombopoietin Agonists
Avatrombopag and lusutrombopag are both oral TPO

agonists that have completed phase 3 trials and are now US
Food and Drug Administration–approved for use in patients
with liver disease.19,20 These agents can be used for a short
duration in chronic liver disease to increase the platelet
count before invasive procedures (Figure 2).
Antifibrinolytic Agents
Aminocaproic acid and tranexamic acid are administered

by oral or intravenous (IV) routes for a short duration to
reduce hyperfibrinolysis. Aminocaproic acid can be admin-
istered by mouth at a dose of 3 g 4 times per day or 4–5 g in
250 mL by infusion over 1 hour, followed by 1 g/h in 50 mL
of diluent, continued for 8 hours or until bleeding is
controlled. Tranexamic acid is recommended at a dose of 1 g
IV every 6 hours. These are rarely used prophylactically, but
more commonly used as a rescue measure if bleeding occurs
after procedures.
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Desmopressin
This agent enhances platelet function in uremia, but

lacks a physiologic basis in patients with isolated liver dis-
ease. Desmopressin may be given IV or subcutaneously at a
dose of 0.3 mg/kg (in 50 mL of saline over 15–30 minutes if
IV), or 3 mg/kg can be given intranasally. The hemostatic
effect is typically detected within 1 hour and lasts for 6–8
hours. Desmopressin may be appropriate for administration
to patients with end-stage renal disease and uremic platelet
dysfunction, but there are insufficient data to support use in
cirrhotic patients for prevention or treatment of bleeding
outside of those with concomitant end-stage renal disease.36
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Vitamin K
Vitamin K will take more than 12 hours to start cor-

recting the hemostatic defect in vitamin K–deficient patients
and typically has only a minor impact on the prothrombin
time. However, it can be effective when patients have
experienced prolonged antibiotic therapy, poor nutrition, or
severe malabsorption. A dose of vitamin K administered
either orally as a 10-mg tablet or 10-mg IV should be given.
IV dosing carries risk of anaphylaxis. There are a paucity of
data to guide clinicians in identification of hospitalized pa-
tients with cirrhosis who may benefit from vitamin K ther-
apy, as well as optimal dosing and route of administration.
Absent an improvement in INR after a 10-mg dose of
vitamin K, repeated administration is unlikely to have
therapeutic benefit.
Peripheral Deep Vein Thrombosis,
Portal Vein Thrombosis, and Small
Vessel Intrahepatic Thrombin Activation

The incidence of venous thromboembolism (VTE) in
patients with cirrhosis is not decreased compared to those
without cirrhosis.37,38 In fact, population-based data report
increased relative risk for VTE in cirrhosis.39,40 In a meta-
analysis, the cumulative odds ratio for all VTE events was
1.7 for patients with cirrhosis compared to controls.41

Despite this risk, prophylactic anticoagulation for VTE in
hospitalized cirrhotics is significantly lower than non-cir-
rhotics.42 While there are no data to guide specific strate-
gies, there is no evidence that prophylactic anticoagulation
is associated with increased risk for bleeding complications
in cirrhotic patients.43

PVT is the most common VTE event in cirrhosis, with
increased rates in the setting of decompensation.44 Incident
PVT ranges from 5% at 1 year to 40% at 10 years.45 Higher
rates are reported in patients with nonalcoholic steatohe-
patitis and in those with more advanced liver disease un-
dergoing liver transplantation.46 Prior VTE, thrombophilia,
low portal vein flow velocity, malignancy, intra-abdominal
infection, and recent interventions all increase the risk for
PVT.43,45 Of note, patients with cirrhosis who develop PVT
and have no other history of clotting do not require a hy-
percoagulable workup. Clinical presentation is variable and
stability, regression, or resolution appears more common
than clot progression.45 Aside from malignant thrombus,
there is controversy as to whether PVT impacts prognosis in
cirrhosis, but definitely adds to technical complexity of
transplantation surgery and may have a negative impact on
transplantation outcomes.47–49 Anticoagulation with low-
molecular-weight heparin appears safe and effective for
PVT in cirrhosis.50 Two recent randomized controlled trials
have documented superiority of direct-acting oral anti-
coagulant (DOAC) treatment51,52 compared to warfarin
therapy in the ability to decrease PV clot burden with no
difference in overall rate of bleeding between the groups. In
addition, one study showed improved survival in DOAC-
treated patients compared to warfarin-treated patients.51

Of note, the majority of patients in both studies had
stem Library from ClinicalKey.com by Elsevier on August 28, 2019.
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compensated cirrhosis. In patients with acute PVT who are
at uncertain risk for bleeding, heparin infusion can be used
in the hospital setting, followed by conversion to low-
molecular-weight heparin if tolerated or a DOAC for
compensated cirrhosis.51–54 Warfarin should be avoided
when possible.

Anticoagulation may produce change in PVT volume on
imaging as early as 2 weeks on therapy.52 Reported dura-
tion of anticoagulation therapy in the systematic review and
meta-analysis by Loffredo et al50 ranged from 3 to 12
months and meta-regression found duration did not influ-
ence outcomes; 71% achieved at least partial recanalization
and 53% had complete recanalization after approximately 6
months of treatment.50 Based on these observations, repeat
imaging at 6 months is appropriate for most cirrhotic pa-
tients with PVT to assess efficacy of anticoagulation therapy,
although assessment at earlier time points may also be
reasonable in patients deemed high risk for therapeutic
anticoagulation. In the event of incomplete clot resolution
with therapeutic anticoagulation of at least 6 months’
duration, treatment options include extending duration of
therapy with the same agent, switching to a different class of
therapeutic anticoagulation, or transjugular intrahepatic
portosystemic shunting. Patients with cirrhosis and PVT
should be assessed for the presence of varices in accordance
with current practice guidelines.30 Management of varices
for purposes of primary or secondary prophylaxis may
include non-selective b-blockers and esophageal variceal
ligation. Of note, studies reporting on rates of variceal
bleeding in the setting of therapeutic anticoagulation for
PVT found the rate of variceal bleeding was significantly
lower in anticoagulant-treated patients compared with un-
treated patients (odds ratio, 0.23).50 Absent data regarding
the role of anticoagulant therapy and esophageal variceal
ligation–associated bleeding complications, it seems ideal to
use non-selective b-blockade for primary prophylaxis in
patients with PVT on therapeutic anticoagulation.

The role for transjugular intrahepatic portosystemic
shunting in PVT is evolving and may address complications
like portal hypertensive bleeding, medically refractory clot,
and the need for repeated banding after variceal
bleeding.55,56

Local thrombin formation may serve as an important
mediator of fibrogenesis through direct activation of hepatic
stellate cells.43,57 As noted earlier, microthrombosis may be
an important factor in organ atrophy.5 This should be taken
into consideration when determining whether or not to give
anticoagulation prophylaxis for hospitalized and post-
operative patients with cirrhosis, as there may be beneficial
effects on progression of fibrosis and hepatic atrophy.

Other Factors That Affect Coagulation
in Cirrhosis

Although hepatic synthetic dysfunction affects coagula-
tion, other factors affecting cirrhotic patients can alter their
risk of bleeding as well (Figure 1). When bleeding occurs
occultly, sometimes from portal hypertensive complications,
resultant iron deficiency may follow, which may increase
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the risk of clotting.58 However, once the hematocrit drops
below approximately 25%, the erythrocyte concentration is
insufficient to push platelets toward vessel walls, which
impairs coagulation.59

The vWF amount and length are increased in patients
with cirrhosis, which elevates the risk for clotting. Of note,
vWF levels may further increase as lipopolysaccharide
blood concentration increases.60,61 Therefore, as bacterial
translocation increases, endothelial cell dysfunction
worsens, portal hypertension elevates, and vWF concen-
trations go up.

Patients may develop AICF, especially during periods of
decompensation; high factor VIII levels help distinguish
AICF from disseminated intravascular coagulation.62 AICF is
best characterized as a form of hyperfibrinolysis with pre-
mature clot dissolution and clinically evident mucosal
oozing and puncture wound bleeding. The exact mechanism
is controversial, but it represents a disturbance in the clot
remodeling system, with imbalance between regulatory
factors, such as tissue plasminogen activator and plasmin-
ogen activator inhibitor-1 and plasmin and a2-antiplasmin.3

Patients with renal failure have unique impairments to
platelet function with reduced serotonin in their a-granules,
disrupted intracellular calcium flux, and dysregulated
metabolism of thromboxane A2.

63 These platelets have
decreased adhesive and aggregative properties. In addition,
cirrhotic patients with renal failure frequently manifest
anemia, thrombocytopenia, platelet dysfunction, bacterial
translocation, and sometimes sepsis, all of which can affect
the bleeding risk. This combination represents one of the
most volatile hemostatic situations in cirrhosis, requiring
clinical judgment and utilization of transfusions only when
bleeding occurs.

Finally, alcohol intoxicant can affect coagulation; how-
ever, it may have bidirectional effects that balance one
another. Specifically, alcohol can impair platelet production
and initial clot formation but can also decrease
fibrinolysis.64
Anticoagulation Therapy in Cirrhosis
Although prospective, randomized, controlled, and blin-

ded trials are generally lacking, consideration of both pro-
phylactic dose anticoagulation for peripheral DVT in
hospitalized liver disease patients and full-dose anti-
coagulation in cirrhotic patients with acute PVT and DVT is
indicated. Prophylactic therapy for preventing PVT is also a
consideration in stable cirrhosis patients and may offer a
means of blunting disease progression, but this requires
extensive validation.65 With newly diagnosed PVT, the de-
cision to intervene with directed therapy rests on the extent
of the thrombosis, presence or absence of attributable
symptoms, and risk of bleeding and falls. No firm guidance
exists but the clearest “evidence-based” indication to treat is
among liver transplantation candidates due to the adverse
effects of PVT on technical aspects of the transplantation.66

Pharmacologic intervention carries risk, has been mostly
reported with either warfarin or heparin-derived medica-
tions, and is associated with increased rates of repermeation
stem Library from ClinicalKey.com by Elsevier on August 28, 2019.
. Copyright ©2019. Elsevier Inc. All rights reserved.
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and less variceal bleeding.50 Interventional radiology–
directed transjugular intrahepatic portosystemic shunts or
stents may have a role in restoring pretransplantation
portal vein anatomy.67 Restoration of portal flow through
combined pharmacologic and interventional radiology
therapy may also result in improved hepatic function and
diminished symptoms.68 Therapy with warfarin can be
hampered by a baseline prolongation of the INR, creating
uncertainty regarding target levels, and heparin-derived
products are complicated by diminished liver-derived anti-
thrombin III (heparin co-factor), which raise unresolved
issues about monitoring of heparin with the anti-Xa assay.
Safe use of DOACs (eg, dabigatran, apixaban, rivaroxaban,
and edoxaban) has been reported, although these agents
should be avoided in most Child–Pugh class B and all class C
patients.53 DOAC-treated patients who are listed for trans-
plantation warrant consideration of reversibility of drug
therapy. Agents are available for dabigatran (idarucizumab)
and all the other DOACs (andexanet alfa) to reverse the anti-
Xa activity.69

Current evidence supports use of routine DVT prophy-
laxis in admitted cirrhosis patients in the absence of overt
contraindications.70
TE
Relationship Between
Hypercoagulability and
Decompensation

The aggregate data points to hypercoagulability in pa-
tients with cirrhosis,41 especially in the portal venous cir-
culation, where flow decreases as portal hypertension
worsens. Recent data have correlated the increased pro-
duction of vWF in patients with cirrhosis to worsening as-
cites, increased incidence of variceal hemorrhage and
bacterial infections, and worse overall transplantation-free
survival.60 The detrimental effects of hypercoagulability
were further documented in a prospective trial of enox-
aparin therapy for patients without PVT, which demon-
strated that enoxaparin treatment lowered the incidence of
PVT, decreased the incidence of decompensation, and
improved overall survival.65 Therefore, it is believed that
intrahepatic microvascular thrombosis, often triggered by
adjacent necroinflammation, may play a role in ischemia-
induced tissue injury (known as parenchymal extinction),
which kills hepatocytes, activates stellate cells, and pro-
motes fibrosis progression.
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Conclusions
The coagulation cascade is rebalanced in patients with

cirrhosis and results in a relative hypercoagulable state, as
evidenced by the increased risk for both PVT and VTE.
Standard measures of coagulation, such as INR, serve the
practitioner poorly when an accurate assessment of
bleeding risk is needed. Pervasive reliance on and misin-
terpretation of INR results in underutilization of prophy-
lactic and therapeutic anticoagulation in admitted patients
with cirrhosis, which needs to be resolved. When assessing
Downloaded for Anonymous User (n/a) at VA San Diego Healthcare Sy
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a patient’s pre-procedure bleeding risk, one should ensure
that: (1) treatment is necessary to prevent bleeding, as
several procedures (paracentesis, thoracentesis, and diag-
nostic endoscopy) do not require routine evaluation unless
the patient is on therapeutic anticoagulation; and (2)
platelet number and fibrinogen level are adequate. Trans-
fusions carry significant risk for immunologic consequences,
exacerbate portal hypertension, and are likely overutilized
in patients with cirrhosis. Further study of global measures
of coagulation, such as TEG and ROTEM, to determine
appropriate cutoffs for therapeutic intervention are urgently
needed.
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Note: To access the supplementary material accompanying
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Supplementary Table 1.Complications of Blood Product
Transfusions

Variable(s) FFP Platelets

Short-term Transfusion reactions
Cross-match errors
Prolonged ventilator time
Exacerbation of portal hypertension
Transfusion-related acute lung injury
Increased mortality
Infection transmission
Potential hypercoagulable complications,

eg, portal vein thrombosis
Intermediate Increased intensive care unit stay

Increased hospital length of stay
Systemic inflammatory response syndrome
Transfusion-related acute lung injury
Increased mortality

Long-term HLA antibody formation
Disease transmission
Increased mortality

NOTE. From Rahimi et al,35 adapted with permission.
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