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The human hemostasis system is complex and poorly un-
derstood after decades of intense scientific study. Despite
multiple defects in routine coagulation laboratory studies
in patients with chronic liver disease, there is growing evi-
dence that these patients are effectively “rebalanced” with
regard to procoagulant and anticoagulant activity and that
most of these patients remain in a tenuous but balanced
state of hemostasis. A major difficulty in the assessment of
these patients is that there are no established laboratory
tests that accurately reflect the changes in both the proco-
agulant and anticoagulant systems; therefore, routine lab-
oratory testing is misleading to the clinician and may
prompt inappropriate or risky therapies with little real
benefit to the patient. The international normalized ratio is
an example of this type of misleading test. Although the
international normalized ratio is inextricably linked to
prognosis and severity of protein synthetic dysfunction in
acute and chronic liver disease, it is a very poor marker for
bleeding risk and should not be used in isolation for this
purpose. Coagulation disorders are critical in the manage-
ment of frequent clinical scenarios such as esophageal
variceal bleeding, invasive and percutaneous procedures,
portal vein thrombosis, venous thromboembolism, and
acute liver failure. This article summarizes the pathophys-
iology of hemostasis in liver disease, describes the strengths
and weaknesses of various laboratory tests in assessment of
these patients, and outlines the optimal management of
hemostasis for some common clinical scenarios. Further
research is needed for proper understanding of hemostasis
in liver disease to optimally and safely manage these com-
plex patients.

Keywords: Coagulation; Liver; Varices; Bleeding Portal Vein
hrombosis; Acute Liver Failure.

Few aspects of liver disease have become associated with so
much dogmatic practice, but so few data, as the manage-

ment of liver-related acquired coagulation disorders. Changes
in coagulation parameters have been a hallmark of advanced
liver disease since laboratory testing became widely available in

the mid-20th century; the prothrombin time (PT) and interna-
tional normalized ratio (INR) are now inextricably linked to
prognosis and progression of liver disease. Mortality risk scores
for cirrhosis such as the Child–Turcotte–Pugh and Model for
End-Stage Liver Disease scores as well as the King’s College
Criteria and factor V levels for acute liver failure (ALF) all have
key components related to PT or INR. To a lesser extent, the
blood platelet count is also commonly regarded as an indirect
measure of portal hypertension related to splenic sequestration
and loss of hepatic production of thrombopoietin because of
liver tissue atrophy. Although it is clear that these measures are
related to liver disease prognosis, ironically it is less clear how to
use these tests to manage bleeding and clotting in the patient
with acute and chronic liver disease. In this article, we will
review essential and practical aspects of coagulation in liver
disease. We will also discuss the limitations of laboratory tests
in the investigation of bleeding or clotting risk in this patient
population. Finally, we will address the prevalence and current
clinical understanding of several common disease processes
related to coagulation disorders in liver disease patients.

Physiology and Pathophysiology
Much of the understanding of the physiology of nor-

mal coagulation is derived from decades of research in patients
with rare, usually congenital, clotting factor deficiencies. The
prototypical disease in this category is hemophilia A, or con-
genital factor VIII deficiency; factor concentrates developed
through research in this area led to a revolution in therapy for
this population. However, the backwards engineering of the
coagulation system through procoagulant pathways led to de-
cades of narrow focused teaching that was subsequently prop-
agated in medical schools. For example, the traditional under-
standing of an intrinsic pathway and extrinsic pathway of
clotting that was taught to generations of students has led to
an incomplete understanding in the mainstream medical com-
munity of the complexity and flexibility of the system involved
in maintaining hemostasis in health and in disease. This has led

Abbreviations used in this paper: ALF, acute liver failure; EVBL,
esophageal variceal band ligation; FFP, fresh frozen plasma; INR,
international normalized ratio; LMWH, low-molecular-weight heparin;
PT, prothrombin time; PVT, portal vein thrombosis; VKA, vitamin K
antagonist; VTE, venous thromboembolism; vWF, von Willebrand
factor.
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front-line providers to depend on outdated or irrelevant and
potentially misleading tests in patients with liver disease.

Cell-based Model of Hemostasis
In the modern cell-based concept, hemostasis is viewed

as a cellular process with the activated platelet as the primary
effector and enabler of coagulation. The fundamental structure
of a clot is a platelet plug restrained by a fibrin mesh formed by
the conversion of fibrinogen to fibrin by the enzyme thrombin.
The process involves 3 phases: (1) primary hemostasis or the
initial plugging of the vascular breach by activated platelets; (2)
coagulation, fibrin mesh construction, and clot fortification by
the plasma procoagulant proteins; and once vascular repair is
complete, (3) fibrinolysis or breakdown of the fibrin mesh by
plasma anticoagulant proteins.1 These processes are highly ad-
vanced and rapidly responsive to endothelial factors in the local
environment and are typically triggered by exposure of tissue

Figure 1. Phases of coagula-
tion and laboratory testing avail-

able for analysis of each phase.
factor to the luminal side of the vascular endothelium. Except
in relatively rare cases of systemic coagulation such as dissem-
inated intravascular coagulation, the local hemostatic mecha-
nisms do not override the systemic balance of coagulation. This
is why routinely available measures of coagulation are not
effective at describing hemostasis at the site of injury. The
lack of an established and valid systemic test to anticipate or
diagnose coagulation changes in the local environment is a
recurrent frustration for the clinician. Figure 1 graphically
shows the phases of the hemostasis system and some of the
laboratory testing available to describe each phase of the
process.

Changes in Liver Disease
Liver disease is marked by changes in all phases of

hemostasis caused by hepatic synthetic dysfunction and portal
hypertension (with portosystemic shunting and endothelial
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dysfunction). There are compensatory mechanisms that coun-
terbalance these changes and lead to a “rebalancing”2 of the
coagulation system in patients with liver disease. For example,
synthetic dysfunction and impaired protein production occur
in both procoagulant and anticoagulant proteins, thereby
counterbalancing each other.3 This compensatory rebalancing
enables even the patient with advanced liver disease to uncom-
monly have spontaneous bleeding or clotting (without another
specific trigger) and remain in a relatively balanced state of
hemostasis.

Platelets
Primary hemostasis occurs when tissue factor is sensed

on the luminal side of the vascular endothelium by platelets.
Platelets respond to tissue factor by activating, developing pseu-
dopods, and forming a platelet plug in the vascular breach.
Activated platelets enable the rapid production of a fibrin mesh
by exposing activated clotting factors on their surface and
producing a “thrombin burst” through a positive feedback
mechanism.4 The principal abnormality in chronic liver disease
patients is a numeric decrease in the circulating platelet count.
The etiology is generally thought to be multifactorial. There is
undoubtedly pooling of platelets and sequestration in the
spleen, and some authors have suggested a role of antiplatelet
glycoprotein IIb-IIIa antibodies5 in cirrhosis patients, but an
mmunologic mechanism appears to be a minor contributor.
here is also evidence for more rapid turnover and shorter
alf-life of platelets because of splenomegaly6 and decreased
roduction because of lower levels of hepatic thrombopoietin.7

Although thrombopoietin levels recover after liver transplanta-
tion,8 the effect on pretransplant thrombocytopenia appears to
be small.6

There is controversy regarding a qualitative defect in platelet
function in liver disease. Platelet adherence to endothelial sur-
faces is mediated largely through von Willebrand factor (vWF),
which is a large-molecular-weight glycoprotein that becomes
active when cleaved into smaller subunits by the endothelial
derived protease ADAMTS13. As a result of endothelial dys-
function, levels of vWF are elevated in proportion to the severity
of liver disease.9 Under simulated flow conditions in vitro,

latelets from cirrhosis patients have decreased adherence, but
dherence increases in the presence of cirrhosis patients’
lasma,10 an effect attributed to the excess vWF.11 Despite these

compensatory changes, the presence of a minimum number of
platelets is required to fully support and initiate the thrombin
burst and produce adequate end products for coagulation.
Experiments with platelets from cirrhosis patients compared
with healthy controls show that a level of around 50 – 60 �
109/L is the relative floor for adequate thrombin generation,

nd levels above 100 � 109/L show little extra benefit compared
with controls.12

Coagulation Cascade
Liver disease, especially cirrhosis, is characterized by

reduced synthesis of the procoagulant proteins II, VII, IX, X, as
well as factor V and factor XI.13 These factor deficiencies directly
affect the standard coagulation measures available in clinical
laboratories, mainly the PT and its standardization, the INR,
and to a lesser extent, the activated partial thromboplastin
time. Therefore, the initial response of the practitioner is to

assume a high risk of bleeding that is due to coagulation
protein deficiencies in this patient population. Research in
hemostasis during the past decade has revealed this as a
misconception.

Despite decreased levels of procoagulant factors and abnor-
mal INR measurements, cirrhosis patients do not typically have
spontaneous bleeding in sites where patients with congenital
clotting factor deficiencies experience, such as hemarthroses,
which argues that patients with liver disease have counterbal-
ancing forces. In fact, there are strong in vitro data showing
that in the presence of adequate platelet counts and thrombo-
modulin, an endothelial-derived cofactor in the anticoagulant
system, cirrhosis patients have a normal capacity to generate
thrombin12,14 and the fundamental building blocks of the fibrin
mesh. The reason for this normal clotting potential is largely
due to a decrease in synthesis of a potent anticoagulant protein
C, coupled with increased endothelial-derived factor VIII.15

Therefore, the compensatory mechanisms in the patient with
advanced liver disease effectively rebalance the hemostatic sys-
tem.

Despite a rebalanced system, there are a variety of perturba-
tions that can predispose an individual liver disease patient to
bleeding or clotting. With the progression of disease, the activ-
ity of the procoagulant proteins drops to as low as 20%– 46%.15

Although compensatory mechanisms are active, the capacity to
adjust to insults to the system is diminished, and small pertur-
bations can overcome the compensatory mechanisms. The re-
balanced state can be likened to a tightrope crossing a gorge
compared with a highway; there is much less room for upsets.
Indeed, some patients with advanced liver disease have a loss of
balance toward the clotting side, which is similar to patients
with congenital protein C deficiency,15 and conversely, some
patients are clearly more prone to bleeding. These tendencies
are not static and may change with the clinical status of the
patient, perhaps over hours during a hospital stay for decom-
pensation. Acute events such as infection,16 variceal bleeding,17

and uremia18 lead to acute changes in coagulation in patients
ith liver disease, and these changes are at least partially revers-

ble with proper treatment but are not well reflected in conven-
ional tests such as the INR. The clinical challenge is determin-
ng which patients fall into which group before an event
bleeding or clotting) occurs.

Common Laboratory Tests: Strengths
and Weaknesses
It is important to understand that the basic clinical

laboratory tests available to the practitioner do not measure the
compensatory mechanisms such as protein C activity or vWF
levels. These tests only give information on small portions of
the coagulation system that they were designed to analyze. This
is the major difficulty with the clinical estimation of bleeding or
clotting risk in this population, the lack of comprehensive
testing to show the “big picture” in an individual patient. Table
1 shows the strengths and weaknesses of some laboratory tests
available for measuring hemostasis and their applicability in
liver disease patients.

The INR is possibly the most misunderstood laboratory test
ordered in the evaluation of liver disease patients. The progres-
sion of protein synthetic dysfunction is inexorably linked with
progression of liver disease and prognosis, whether in ALF or
chronic liver disease. The inclusion of the INR (or PT) in

multiple prognostic mortality equations for a broad array of
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Table 1. Characteristics of Diagnostic Tests of Coagulation in Liver Disease: Their Weaknesses and Strengths

Test name System analyzed Strengths Weaknesses

INR and PT Classic procoagulant extrinsic
pathway only

Widely available
Inexpensive
Quick
Good correlation with severity of

liver disease

High interlaboratory variability
Narrow measure of procoagulant

system only
Not predictive of bleeding

Activated partial
thromboplastin time

Classic procoagulant intrinsic
pathway only

Widely available
Inexpensive
Quick
Can detect congenital factor

deficiencies

Usually does not reflect hepatic
dysfunction

Narrow measure of procoagulant
system only

Usually normal or nearly normal in
liver disease

Platelet count Platelet Widely available
Inexpensive
Quick
Reproducible and has some

clinical correlate with bleeding at
low levels (�60 � 109/L)

Does not reflect platelet function
Is not useful in predicting bleeding at

higher levels

Platelet function assays Platelets and primary
hemostasis

Can give some evidence of
generalized platelet function
compared with normal

Most assays assume normal platelet
counts and are not calibrated for
thrombocytopenia

Not universally available
Not studied extensively in liver

disease
Bleeding time Mucosal and skin hemostasis Can give a better view of whole

system hemostasis
Generally does not predict

procedural bleeding
Not available in many centers
Time-consuming to perform
Patient discomfort

vWF complex levels Primary hemostasis Reflective of severity of liver
disease and offers prognostic
value in liver disease

Low levels in liver disease might
indicate need for platelet
transfusion for prophylaxis

Generally not validated in predicting
bleeding in cirrhosis

Laboratory turnaround can be slow
Complex relationship with

ADAMTS13 and platelets not
understood in cirrhosis

Fibrinogen Fibrinolysis Low levels suggestive of
hyperfibrinolysis

Levels �100 mg/dL suggest
adequate fibrinogen for initiation
of coagulation

Acute phase reactant
Low levels are common in stable

nonbleeding cirrhosis patients
Not predictive of disseminated

intravascular coagulation in
cirrhosis

Factor levels Procoagulant and
anticoagulant pathways

Can give a relative sense for factor
deficiencies on either
procoagulant or anticoagulant
system

Significant laboratory variation
Factor levels are affected by acute

clotting and other disease
processes

No clear relationship to bleeding or
clotting risks

Euglobulin lysis time Fibrinolysis Validated measure of fibrinolysis
Can be used as a measure of

treatment efficacy in
hyperfibrinolysis

Not widely available

Thromboelastography Universal hemostasis Used for decades for intraoperative
transfusion guidance

Can show defects in multiple
components of hemostasis to
guide therapies

Whole blood test requiring near
immediate turnaround

No standardization of most
parameters

Requires experience to interpret
tracings

Not validated in predicting bleeding
or clotting in nonsurgical patients

May be insensitive in the

hypercoagulation population
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liver diseases is evidence of the INR’s close relationship to
hepatic synthetic dysfunction. Despite this, there are so many
problems with INR as a measure of hemostasis in cirrhosis that
its position as an indicator of plasma transfusion is inexplica-
ble, and its use in guidelines at specific values amounts to
something of a religious belief.

The INR was originally developed in the early 1980s for
standardization of therapeutic anticoagulation with vitamin K
antagonists (VKAs), and the calibration of the test is computed
from healthy volunteers. The INR has been successful in im-
proving the management of therapeutic anticoagulation in this
role. In fact, the INR is simply a reflection of the PT ratio
compared with controls by using a correction factor that is
based on the specific thromboplastin used in the PT measure-
ment. However, the common INR is not calibrated for use in
liver disease, especially cirrhosis patients. This is most evident
in the remarkably high interlaboratory variability in liver dis-
ease patients, depending on which thromboplastin reagent is
purchased for the assay.19,20 Some authors have argued for a
liver calibrated” INR21 that uses cirrhosis patients as controls

and a standard thromboplastin reagent, but the potential eco-
nomics of this recalibration and logistical difficulties with its
widespread adoption make the INR(liver) more of a theoretical
option than a reality and does not resolve the limitations of the
test as a measure of hemostasis.

Risk Assessment for Procedures
A frequent clinical need is predicting bleeding during or

after procedures. The INR gives a very narrow view of a single
aspect of hemostasis in cirrhosis, and one would predict that it
would not offer much use in the prediction of bleeding in liver
disease patients. Despite this, the INR is currently in wide-
spread use for this purpose by proceduralists and surgeons,
perhaps because of its availability, the lack of an established
alternative, and a misunderstanding of its meaning. Interest-
ingly, there are numerous published studies affirming the lack
of utility of INR in accurately predicting procedural bleeding in
liver disease patients in a very broad array of procedures includ-
ing percutaneous,22 laparoscopic,23,24 and transjugular liver

iopsy,25,26 therapeutic paracentesis,27 colonoscopy with
olypectomy,28 percutaneous endoscopic gastrostomy,29 den-

Table 1. Continued

Test name System analyzed

Sonorheometry Universal hemostasis Can
co
gu

May
thr
hy

More
tec
thr

Endogenous thrombin
potential

Procoagulant and
anticoagulant pathways

Gives
be
an

Procoagulant
microparticle assays

Procoagulant pathway May
hy
tal extractions,30 bronchoscopy, transjugular and percutaneous
enal biopsy, central venous catheter placement, arteriogra-
hy,25 and coronary artery catheterization.31 It is also docu-

mented that when clinicians attempt to “correct” the INR by
using fresh frozen plasma (FFP) before procedures, the clini-
cians use inadequate doses of FFP and rarely achieve the INR
goals with transfusion alone.32

In recent years, some professional societies have recognized
the weakness of the INR as a measure of bleeding risk. Specif-
ically, the American Association for the Study of Liver Diseases
practice guideline for the performance of liver biopsy33 states
that there is no specific PT-INR level that clearly predicts
bleeding during or after biopsy. In contrast, the Society of
Interventional Radiology Standards of Practice Document for
management of coagulation status before image-guided inter-
ventions34 acknowledges that moderately elevated coagulation
times should not be assumed to represent increased bleeding
risk but recommends correction with FFP (or vitamin K) to an
INR of 2.0 for low-risk procedures and 1.5 for moderate-risk or
higher-risk procedures. Confusingly, this recommendation does
not differentiate between liver disease patients and therapeuti-
cally anticoagulated patients with VKAs and is based on only a
Delphi consensus recommendation of a committee of interven-
tional radiologists.

Other Measures of Bleeding Risk
There are other common and uncommon laboratory

tests of the hemostatic system in patients with liver disease that
can be used for bleeding and clotting prediction. The blood
platelet count is an effective screening tool for detecting high-
risk bleeding patients only at the extreme levels. There is phys-
iological evidence that a peripheral platelet count of 50 – 60 �
109/L is adequate to promote the thrombin burst and kindle
he coagulation cascade, whereas 100 � 109/L is a ceiling above

which little more thrombin potential is extracted. Retrospective
clinical studies have suggested that there is a relatively higher
risk for bleeding after percutaneous liver biopsy at platelet
counts below the 60 � 109/L level, although it should be noted
that most bleeding cases in this study occurred at relatively
high platelet counts.35,36 There are commercial platelet function
assays such as the platelet function analyzer 100,37 but their
clinical availability is limited, and their applicability to liver

Strengths Weaknesses

defects in multiple
ents of hemostasis to
erapies
ore sensitive than
elastography in the
agulation population
mated and less
lly difficult than
elastography

Experimental use only
Not clinically validated

er view of the balance
procoagulation and

gulation

Experimental only
Addition of thrombomodulin not

standardized
Dependent on platelet count

ribe tendency for
agulation

Highly experimental and not
validated
show
mpon
ide th
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ombo
bett
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ticoa

desc
disease patients is currently unknown because most of these
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assays depend on normal platelet counts to give accurate plate-
let function estimates. Because of the significantly elevated vWF
factor levels in cirrhosis, some have advocated the use of vWF–
factor VIII complex levels as markers for bleeding risk in cir-
rhosis patients. The vWF levels have been implicated as a
marker of endothelial dysfunction in cirrhosis patients,38 and
vWF levels have been independently linked to portal hyperten-
sion complications9 but not specifically to bleeding alone.

In regard to the fibrinolytic pathway, currently available
diagnostic testing is inadequate or unavailable to the clinician.
Bleeding time has historically been a measure of bleeding risk in
cirrhosis patients and has been linked to hyperfibrinolysis, but
this test has fallen out of favor because of its lack of sensitivity
in predicting bleeding,39 its limited utility relative to laboratory
ime consumption, patient discomfort, and blood exposure to
aboratory personnel associated with the test. Fibrinogen levels
re an indirect marker of clot-making capacity or rapid clot
reakdown. However, reports of fibrinogen levels in cirrhosis
atients are variable,40 and there appears to be no clear rela-

tionship to fibrinogen levels and bleeding in liver disease except
in patients with a clear disseminated intravascular coagulation
syndrome, usually in the setting of multisystem organ failure or
sepsis or less commonly during the anhepatic and post-reper-
fusion state during liver transplant operations.41 Fibrinogen is
also an acute phase reactant, and levels can fluctuate signifi-
cantly. Supplementation (usually through cryoprecipitate) is an
accepted practice in controlling bleeding that is due to massive
hemorrhage or trauma,42 but it has not been studied for bleed-
ing or prophylaxis in nontransplant liver disease. The euglob-
ulin lysis time has been validated as a measure of hyperfibrin-
olysis in hospitalized decompensated cirrhosis patients43 and
correlates with mucocutaneous bleeding, but the test is not
readily available in most clinical laboratories.

The above tests evaluate narrow aspects of the hemostatic
system but suffer in applicability for that very reason. They do
not measure the capacity of the system to accommodate
changes and adapt by using other unmeasured pathways.
Thromboelastography has been used for many years as a whole
blood measure of the clotting system, mainly in the operating
room during surgeries involving massive transfusion or bleed-
ing44 or in cardiovascular disease.45 By using whole blood, these
devices measure clot stiffness from the point of primary hemo-
stasis through stabilization through fibrinolysis and produce a
graphical representation of the process.46 A similar device called
rotational thromboelastometry is also in use. Because the mea-
surements are made continuously during clot formation and
breakdown and because whole blood is used, theoretically all
components of the hemostatic system are analyzed by these
devices including platelet function, hypercoagulability, and fi-
brinolysis. Although used frequently in the operative setting,
especially in Europe, direct applicability to bleeding risk and
assessment of clinical hypercoagulability syndromes in liver
disease patients are preliminary and have not been prospectively
validated.47 Newer technology using ultrasonic pulses to assess
clot strength that may be more sensitive at the extremes of clot
stiffness are in development but not available for clinical use.48

Weaknesses of all currently available whole blood testing de-
vices are the need for fresh whole blood samples (usually less
than 4 hours from phlebotomy), a time-consuming and tech-
nically rigorous operation, and a certain amount of expertise in

subjective graphical output interpretation required by the cli- t
nician. There are a number of other experimental methods
under investigation as measures of hemostasis in liver disease.
Endogenous thrombin potential,14 factor VIII/protein C activ-
ity49 ratio, and plasma microparticle activity50 have all been
critically important in experimental and research settings to
help elucidate bleeding and clotting risks, but none have shown
clinical utility at this point or are still in investigational stages.

Common Clinical Issues in Coagulation
Variceal Bleeding
Variceal bleeding is one of the most common bleeding

events experienced by patients with advanced liver disease. Pa-
tients with cirrhosis will experience the development of varices
at a rate of about 8% per year after the onset of cirrhosis.51 Once
formed, risk factors for bleeding are predominantly related to
hemodynamic and mechanical parameters such as hepatic vein–
portal pressure gradient,52 varix size, their appearance (red
marks and purple color), and the severity of the underlying liver
disease.53 Aside from the relationship to severity, there have
been few data to support the notion that coagulopathy is
directly related to variceal bleeding risk, although increased
markers of fibrinolysis were predictive of eventual variceal
bleeding in one study.54 However, this relationship may reflect
worsening portal pressure rather than the direct effect of fibri-
nolysis. In addition, the existence of the platelet plug (nipple
sign) as a high-risk marker for variceal bleeding indicates at least
some transient role of primary hemostasis in acute bleeding.

Despite specific practice guidelines on management of
esophageal varices by the American Association for the Study of
Liver Diseases, the American College of Gastroenterology,55 and
he American Society for Gastrointestinal Endoscopy,56 there

are no specific recommendations on coagulation parameters for
prophylactic esophageal variceal band ligation (EVBL). Because
there is little evidence that coagulation disorders increase the
risk for post-EVBL bleeding57 and no evidence supporting pro-
phylactic transfusion before EVBL, this practice cannot be en-
dorsed as routine. In those with coagulation disorders that
prohibit the practitioner from safely performing EVBL, then
nonselective �-blockers alone would be the preferred therapy
for primary bleeding prophylaxis.

For acute variceal bleeding, there is little consensus regard-
ing coagulation management during the immediate bleeding
episode. Blood resuscitation should aim for a target hemoglo-
bin in the 7– 8 g/dL range.58 Overtransfusion of red cells or
arge volumes of plasma should be avoided because of resultant
ncreases in portal pressures59 and increased rebleeding rates.60

A recent large randomized controlled trial of transfusion strat-
egies in acute gastrointestinal bleeding supports this notion
and suggests a hemoglobin target of 7 g/dL.61 Optimal platelet
counts remain uncertain, although on the basis of adequate
thrombin production, levels exceeding 56 � 109/L are recom-
mended. A fibrinogen level above 100 –150 mg/dL is sometimes
recommended by using cryoprecipitate transfusion but remains
to be adequately tested in clinical trials, and “adequate” levels
are uncertain. FFP is problematic because of the large volume
needed to actually replenish coagulation factors62 (usually

0 – 40 mL/kg). This dose usually requires several liters of FFP
o “correct” the INR and thus may worsen portal pressure,
recipitate anasarca, and expose the patient to events such as

ransfusion-related acute lung injury, cardiogenic pulmonary
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edema, and iatrogenic increases in portal pressures raising re-
bleeding risk. Because of the negative clinical trial data and high
expense, recombinant activated factor VII cannot be recom-
mended for general use, although its role as a true rescue factor
during active bleeding with obscured endoscopic fields remains
to be adequately studied. Other factor concentrates and spe-
cialty products are under development but not studied in this
situation.

Other Invasive Procedures
There are no good measures of bleeding risk before

invasive procedures that are currently available to the practicing
clinician, and practice guidelines vary wildly in recommenda-
tions that are based on the issuing authority. One practical
recommendation that can be made is that truly elective proce-
dures should be delayed during acute events that might upset
the rebalanced hemostatic system in cirrhosis patients: acute
infection, severe acute alcoholic hepatitis, and uremia. Deci-
sions to proceed with elective or semielective procedures should
not be solely based on the INR and platelet counts but on the
severity of comorbidities of the patient, the urgency of the
procedure, the accessibility of the procedural site to mechanical
hemostasis maneuvers, and the ability to detect bleeding at the
site early in the hemorrhage.

There are very few randomized, double-blind controlled clin-
ical trials assessing the effectiveness of prophylactic transfusion
before low-risk invasive procedures such as endoscopic exami-
nations, superficial biopsies, or paracenteses. As an indication
of the lack of adequate study in this field, we are aware of only
one that was a controlled trial investigating bleeding after
dental extractions30 that randomized patients to prophylactic
FFP transfusion vs intranasal desmopressin. The researchers
found that desmopressin was as effective as transfusion, more
convenient, better tolerated, and less expensive. Acknowledging
this important study, there is little theoretical, laboratory, or
clinical benefit to prophylactic FFP transfusion, even though
this is the most commonly performed transfusion practice
before procedures.27 Despite this, if the proceduralist decides on

rophylactic transfusion, in cirrhosis patients the INR should
ot be used as a sole measure of bleeding risk, and physiolog-

cally it would be more appropriate to achieve a platelet count
reater than 50 – 60 � 109/L for high-risk procedures by using

platelet transfusions.
Although Model for End-Stage Liver Disease is a validated

tool for predicting surgical mortality in cirrhosis patients,63

coagulation and bleeding complications are rare causes of mor-
tality in the cirrhosis patient undergoing elective surgery. For
nonhepatic surgical procedures, there are sparse data, and
much of the transfusion practice is based on nonvalidated
protocol-driven anesthesiology recommendations or on surgi-
cal assessment of bleeding in the field. Using thromboelastog-
raphy in the operating room could be helpful in targeting
transfusion practice, but wider training and experience are
needed for this to become routine.64 Surgical teams should be
aware that persistent postoperative wound, mucosal, or punc-
ture site bleeding could be a sign of hyperfibrinolysis, which
warrants more specific therapy.

Portal Vein Thrombosis
Portal vein thrombosis (PVT) is a common occurrence
in patients with cirrhosis, with a prevalence of at least 11%65 in w
patients with well-defined cirrhosis and as high as 36% at the
time of autopsy.66 There is also mounting evidence that the

evelopment of occlusive PVT is a milestone in the progression
f liver disease and portends worsening portal hypertension
nd increased risk of death. In the setting of acute PVT without
nderlying liver disease, the presentation may be more ominous
r life-threatening, and aggressive anticoagulation should be

nitiated. In patients with chronic liver disease, PVT is typically
more chronic or subacute development and is frequently

ccompanied by no symptoms or by only a worsening of the
omplications of portal hypertension.

There is mounting evidence that treatment or prevention of
VT with low-molecular-weight heparin (LMWH) in selected
irrhosis patients can avert intrahepatic thrombotic disease and
ecannulate or resorb early clots.67 A preemptive treatment

strategy in cirrhosis patients at high risk for PVT was evaluated
in a randomized nonblinded clinical trial.68 In this trial, during
a period of 48 weeks, the LMWH treatment arm showed a
significant benefit in the prevention of PVT formation, a lower
chance of first hepatic decompensation, and better survival.

These thought-provoking data raise interest in further study
of anticoagulation in this patient population as a means of
preventing progression of stable cirrhosis to the decompensated
state. More comprehensive studies to address the efficacy and
the risk-benefit of this approach are needed. Although hemo-
static mechanisms have not clearly been associated with variceal
or other portal hypertensive bleeding, these are obviously a
concern, and varices should be resolved before undertaking
anticoagulation. The clinician should be clear on the criteria
used in these trials. In general, these studies have focused on
subacute or acute thrombus rather than chronic PVT with
cavernous transformation. The use of LMWH has been com-
mon in these trials, although specific dosing has not been
extensively studied, and the patients should have adequate renal
function to tolerate LMWH. VKAs have been studied in this
population and have a narrow therapeutic window with high
complication rates.69 Whether prophylactic or therapeutic, the
practice of treating PVT is still a developing standard, and
further data are needed to prove efficacy and safety.

Hypercoagulation and Venous
Thromboembolism in Cirrhosis
Because of the coagulation imbalance in some patients

with cirrhosis due to relative protein C deficiency and factor
VIII excess,49 there are patients with chronic liver disease who
are prone to hypercoagulation. Although many of these pa-
tients remain asymptomatic or have a higher risk of PVT, there
are multiple studies confirming the risk of peripheral throm-
boembolic disease such as deep vein thrombosis and pulmonary
embolism in cirrhosis patients,70,71 despite abnormal INR val-
ues and thrombocytopenia. Commonly available clinical vari-
ables that can predict the increased risk for venous thrombo-
embolism (VTE) are not well elucidated, although a low protein
state as reflected by a serum albumin less than 2.8 g/dL is a
rough indicator. Preliminary reports indicate that standard
pharmacologic prophylaxis is safe,72 but effectiveness and the

roper agents remain to be proven. The clinician should con-
ider the risks and benefits of VTE prophylaxis in each individ-
al patient, but with the current lack of definitive treatment
ata and a significant defined incidence of in-hospital VTE, it

ould seem reasonable to offer standard pharmacologic VTE
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prophylaxis in hospitalized cirrhosis patients unless an obvious
contraindication is present independent of standard coagula-
tion laboratory values. Treatment for new diagnoses of VTE
should essentially follow the same protocol as for PVT, except
if a delay in treatment is expected because of high-risk esoph-
ageal varices eradication, a temporary inferior vena cava filter
may be considered, although their use is controversial in many
situations.

Acute Liver Failure
ALF is an uncommon but catastrophic destruction of liver

tissue in a patient with previously normal liver function. Profound
hepatic synthetic dysfunction is the hallmark of the disorder, with
resulting metabolic disarray, highly abnormal INR and typical
laboratory markers of coagulation, alterations in immunologic
function, and ultimately cerebral edema. Despite the clear relation-
ship of the prolonged PT/INR to poor prognosis and eventual

Table 2. Opportunities and Pitfalls in Management of Some

Clinical issue Successful coagulation manageme

Bleeding esophageal
varices

Rapid endoscopic and medical therapy
applied

Transfuse platelet concentrates with t
56 � 109/L

Maintain fibrinogen �100 mg/dL with
Goal should be to resuscitate as need

increase in portal pressure
erformance of invasive
procedures

Weigh the risks of severe procedural b
ability to stop it) against the need fo

If high-risk procedure, transfuse proph
to a target of at least 50–60 � 109

100 � 109/L for very high risk
If postprocedural bleeding occurs in m

from puncture wounds, consider hyp
Treat underlying disorders aggressivel

procedures (infection, renal failure,
Intranasal DDAVP may be an effective

alternative prophylactic measure in
as dental extractions

VT Acute or subacute PVT can be treated
anticoagulation (LMWH) and may pr
these patients

Esophageal varices should be treated
endoscopically before anticoagulatio

eep vein thrombosis or
pulmonary embolus

Consider medical prophylaxis in all ho
cirrhosis patients as with any medic

Medical therapy for acute VTE should
therapeutic doses similar to PVT tre
contraindicated

LF Despite highly abnormal traditional co
indexes, most ALF patients have rea
body hemostatic balance

A single dose of rFVIIa (40 �g/kg) can
performance of intracranial pressure
placement in ALF patients

FVIIa, recombinant activated factor VII.
death or requirement for liver transplantation, the syndrome is n
rarely accompanied by significant clinical bleeding. Because of the
relative rarity of the syndrome and the typical acute presentation,
ALF is difficult to study, and only recently have large multicenter
trials been feasible.73 Recent work that used data from the U.S.
ALF Study Group has revealed that despite the profound elevation
in INR in most patients with ALF, there appear to be minimal
global effects on hemostasis as measured by whole blood clotting
analyses74 and a general hypofibrinolytic state that is due to de-
reased plasminogen and elevated plasminogen activator type 1.75

This results in the clinical state of relative hemostasis despite great
disturbances in INR. This finding solidifies the recommendation
that prophylactic correction of the coagulopathy in ALF patients
should not be attempted without clear clinical bleeding. For high-
risk invasive procedures with potential catastrophic bleeding con-
sequences such as intracranial pressure monitor placement, a sin-
gle dose of recombinant activated factor VII given at 40 �g/kg

ithin minutes of the procedures can correct the INR to near

mon Clinical Issues Related to Coagulation in Liver Disease

portunity Potential pitfalls

uld be

of at least

recipitate
ut avoid

Avoid overtransfusion with packed red blood cells,
aim for target hemoglobin or 7 g/dL

Avoid use of empiric FFP unless clear indications
are evident

ing (and the
phylaxis
c platelets
closer to

al sites or
rinolysis
re elective

economical
dures such

Do not use a moderately elevated INR (�3) as a
measure of procedural bleeding risk

Avoid using FFP for prophylaxis, but if used, recall
that adequate dosing to replace factors is 20–
40 mL/kg

rFVIIa should be avoided for prophylaxis in all but
the highest-risk procedures

therapeutic
survival in

ssively

Currently available VKAs have a very narrow
therapeutic window in cirrhosis patients and are
especially problematic in patients with baseline
elevated INR

Patients with chronic PVT and cavernous
transformation are less likely to benefit from
anticoagulation

Premature discontinuation of anticoagulation
(before transplant) is likely to result in
thrombus recurrence

ized
atient
th LMWH in
nt unless

Do not assume the hospitalized cirrhosis patient
is “auto-anticoagulated” because the INR is
elevated

Presence of nonbleeding esophageal varices
should not preclude VTE prophylaxis

tion
a whole

itate
itor

Do not use prophylactic transfusion of FFP or
platelets in ALF without clinically evident
bleeding

Do not use continuous infusions of rFVIIa in ALF
patients because of the potential for thrombotic
complications and high cost
Com

nt op

sho

arget

cryop
ed b

leed
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ylacti
/L or
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erfib

y befo
etc)
and
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ormal levels.76 This practice should be used only for the highest-
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risk procedures, and continuous factor infusions should not be
used because of the risk for thrombotic complications related to
this agent. Table 2 summarizes some management issues related
to coagulation in specific clinical liver diseases.

Summary and Future Directions
Despite intense study of the hemostatic system in con-

genital diseases with factor deficiencies, medical knowledge has
only recently begun to expand in the area of hemostasis in liver
disease. In this population, the traditionally used measures of
coagulopathy are insufficient to describe the complex changes
in primary hemostasis and platelet function, coagulation, and
fibrinolysis. The clinician caring for patients with advanced liver
disease suffers from a lack of accurate, reliable, and clinically
available testing methods to properly assess the true state of
hemostasis because some patients with chronic liver disease are
predisposed for bleeding, some for hypercoagulation, and some
in a tenuous but stable balance. More translational and clinical
research is clearly needed to optimize the care for this growing
population of patients with liver disease.
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