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New concepts of coagulation and bleeding in liver disease
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The bleeding tendencies of patients with chronic liver

disease have challenged clinicians for centuries. In recent

decades, modern science has helped in elucidating some of

the mechanisms for this coagulopathy, but there is much to

be discovered. It is well known that progressive liver dis-

ease is associated with increasing disruption in protein

synthesis. Indeed, one of the most ubiquitous of serum

proteins, albumin, has been intricately linked to prognosis

in cirrhosis patients through the Child–Turcotte–Pugh

Score [1], and clinicians have known that dwindling

albumin levels are predictive of poor prognosis in these

patients. However, it is less widely understood that patients

with chronic liver disease may have a persistence of some

serum proteins due to ineffective protein degradation. This

combination of protein deficiency and persistence con-

tributes to the conflicting knowledge base on coagulopathy

in liver disease. In the healthy state of hemostasis, the

bleeding and clotting tendencies are balanced. In cirrhosis,

this balance is clearly achieved most of the time. The key

concept is that the balance is tenuous because of decreased

reserve, and when disrupted there can be faltering towards

bleeding, especially in the cases where mechanical issues

are involved, such as procedural or variceal bleeding.

However, there are also circumstances that can lead to

abnormal clotting in these patients because of flow issues

and local persistence of the prothrombotic proteins. It is the

understanding and quantification of this tenuous balance

between bleeding and clotting that is shaping our current

understanding of the coagulopathy of liver disease.

The quantification of this imbalance is the key to using

this conceptual framework to establish a clinically useful

paradigm for treating patients with chronic liver disease.

The widely available clinical laboratory tests used to

measure coagulopathy were generally developed to mea-

sure quantitative deficiencies in platelet counts or proco-

agulant factors, and were designed to assess congenital

factor deficiencies, such as hemophilia and acquired

platelet diseases, such as idiopathic thrombocytopenic

purpura. Indeed, the international normalized ratio (INR)

was first conceived as a means of standardizing treatment

with warfarins. Recent commentary by Tripodi et al. [2], in

this journal has outlined the difficulty in using traditional

laboratory testing to measure the three fundamental coag-

ulation phases in patients with cirrhosis.

In primary hemostasis, which fundamentally involves

the platelets and tissue factor, there is a near universal

quantitative decrease in platelet numbers in cirrhosis

patients, but the data supporting a primary platelet func-

tional deficit is less strong. Based on the level of absolute

thrombocytopenia commonly seen in advanced liver dis-

ease and early studies suggestive of an additional platelet

function disorder [3], it was thought that primary hemos-

tasis was markedly reduced in these patients. However,

because much of the function of platelets is dependent on

the flow conditions within the vessels, in vitro tests are not

representative of the true in vivo function of the platelet.

Lisman et al. [4], have extensively studied platelets in flow

conditions, and find adequate platelet function using serum

of cirrhosis patients due to elevated antigen levels of von

Willebrand factor and reduced activity of its cleaving

protein, ADAMTS13 [5]. This research has brought into

question the magnitude of defect in primary hemostasis in
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chronic liver disease. Even the oldest in vivo test of platelet

function, the bleeding time, has failed to predict clinical

gastrointestinal bleeding [6] or bleeding after major hepa-

tectomy [7] and has been largely abandoned as a routinely

used test. It is clear that a minimum number of platelets are

needed to generate enough thrombin burst to initiate ade-

quate hemostasis. Although highly variable from patient to

patient, it appears that a platelet count above 50,000 per m3

is likely to be adequate based on endogenous thrombin

potential studies [8].

Clot formation is the second phase of hemostasis that is

disrupted in chronic liver disease. It is well known that a

quantitative deficit in standard procoagulant proteins is

easily measured using traditional laboratory assessments,

such as the activated partial thromboplastin time (aPTT)

and the prothrombin time (PT). However, these traditional

assays do not represent the in vivo situation with regards to

available levels of other critical components of the clotting

system, including tissue factor and the innate anticoagu-

lants protein C, protein S, and antithrombin. Recently,

Tripodi et al. [9] report that when measured in the presence

of adequate thrombomodulin, which is the main activator

of the protein C system of clot degradation, serum from

cirrhosis patients has a relative deficiency of protein C

activity. The level of protein C deficiency measured in this

study is comparable to the level in patients with congenital

protein C deficiency. This finding once again underscores

the lack of predictability of standard laboratory testing of

coagulopathy when used in the cirrhosis patients.

Finally, there is no good measure that is clinically

available for the final phase of coagulation: fibrinolysis.

Using thromboelastography and euglobulin lysis times, the

estimated prevalence of hyperfibrinolysis in hospitalized

cirrhosis patients is about 31% [10, 11] although the clin-

ical syndrome of persistent mucosal and puncture wound

bleeding is much less common in practice. This clinical

syndrome is likely due to abnormal local persistence of

thrombin-activatable fibrinolysis inhibitor (TAFI), causing

early clot breakdown and instability of hemostasis due to

premature clot dissolution. This syndrome does clinically

respond to the plasminogen inhibitor epsilon-aminocaproic

acid [12], but clinically available testing for this disorder is

lacking, and misdiagnosis and inappropriate use of this

agent could be problematic. This clinical syndrome is yet

another example of how outdated clinical laboratory testing

available to the practitioner severely limits the expansion

of therapeutic options in the area of coagulopathy in liver

disease.

Despite the well-known risks for massive bleeding

related to gastroesophageal varices and invasive proce-

dures, there is mounting evidence that a tendency towards

clotting may impact a significant portion of stable cirrhosis

patients. This topic has been covered extensively elsewhere

[13], but the adverse effects of macrovascular clots, such as

portal vein thrombosis and hepatic vein thrombosis are

undeniable. In addition, there is mounting single-center

[14] and population-based [15] evidence that peripheral

thromboembolic phenomena (deep vein thrombosis and

pulmonary embolism) are not rare in cirrhosis patients, and

may be overlooked without thinking of their possibility and

initiating an aggressive search. The macrovascular clots are

an acute problem for the clinician and patient, but a long-

term concern for chronic liver disease patients with hy-

percoagulation relates to progression of disease and fibrosis

due to the possibility of parenchymal extinction [16],

progression of hepatitis C infection [17], and the devel-

opment of fibrosis in non-alcoholic fatty liver disease [18].

The paradox with the above arguments is clear to the

practicing physician. The in vitro laboratory testing sug-

gests that stable patients with chronic liver disease are in a

tenuous balance of coagulation with some tendency toward

clotting; yet, the most profound clinical events in the

course of liver disease tend to be involved with hemor-

rhage. One of the fundamental reasons for this seeming

contradiction is related to the lack of tests that are reflective

of the local conditions at the site of tissue injury. The

modern understanding of the coagulation cascade is fun-

damentally based on the exposure of tissue factor to the

local vascular environment, the production of a thrombin

burst, localized clotting and eventually fibrinolysis result-

ing in localized hemostasis. Because of the difficulty in

studying local conditions at the site of injury, not much is

known about how these factors influence the macroscopic

bleeding or clotting risk. Recent investigation in the areas

of coagulation in flow conditions [5], nitric oxide and

endothelial function related to liver disease [19], endoge-

nous heparinoids and their role in coagulation [20], and

tissue factor behavior at the local levels [21] show promise

in elucidating better clinical laboratory testing for systemic

coagulation risk in patients with chronic liver disease.

Until reliable tests of local clotting activity are available,

researchers in coagulation must develop clinically useful

tests to assess the tendency of an individual patient to have

bleeding or clotting complications. These tests might take

the form of a general ‘‘clotting profile’’ for each individual

patient that may incorporate elements of clotting factor

reserve, platelet function, endothelial function, and fibri-

nolytic activity. Development of a clotting profile is of

utmost importance in patient care, but is also of paramount

interest for the use in the clinical trial setting.

The lack of clinical trials of coagulopathy in liver dis-

ease is largely due to the inability to develop satisfactory

surrogate endpoints in measuring coagulation. One com-

mon clinical question is the use of prophylactic fresh-

frozen plasma (FFP) prior to invasive procedures. It has

been shown in observational studies that the use of FFP in
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cirrhosis patients is a major component of the blood

product usage in a hospital, and much of it is used in

prophylaxis prior to procedures [22]. A case study in the

failure of a clinical trial due to the lack of a surrogate

coagulopathy endpoint was the fresh-frozen plasma infu-

sions to reduce risk of bleeding related to invasive proce-

dures (SHIP) trial sponsored by the US National Institutes

of Health [23]. This trial was a multicenter, randomized

controlled trial designed to assess the ability of FFP to

prevent bleeding in subjects undergoing invasive biliary

procedures or liver biopsy. The target population was

defined as having ‘‘moderate coagulation defect’’ using a

platelet count [70,000 per ll, INR between 1.3 and 1.9,

and aPTT\50 s. The targeted enrollment was a total 1,300

subjects. After more than 13 months, the study was sus-

pended and eventually terminated because of inadequate

enrollment. It was speculated that the physicians per-

forming procedures in the study centers would not allow

their patients to enroll in a study that involved no plasma

transfusion prior to the procedure. This expensive clinical

trial failure might have been avoided with adequate coag-

ulation profiles in the participants showing the individual

tendency for bleeding or clotting. A proper endpoint in

future studies such as this will need to be a change in a

validated coagulation profile, not clinical bleeding. This

example underscores the urgent need for appropriate lab-

oratory testing that will be the required first step in eval-

uating the multiple therapeutic and prophylactic options

that are on the horizon.

In summary, the complex nature of local versus sys-

temic coagulopathy in cirrhosis and the multitude of

cofactors influencing the coagulation system in health and

in disease states make the routine assessment of bleeding

or clotting risk in the patient with chronic liver disease

challenging. Recent work by many talented investigators

has opened the door in promising new clinical laboratory

testing paradigms that have promise for future break-

throughs. However, our current testing methods are out-

dated, not validated or designed for use in patients with

liver disease, are inadequate to base clinical decisions at

the patient level, and are unacceptable for use as end-

points in clinical therapeutic trials. The primary research

focus should immediately be aimed at defining a coagu-

lation profile for individual patients that better defines the

tenuous balance between bleeding and clotting. After this

profile has been validated in the research setting, well-

designed randomized clinical trials are needed to totally

reassess our understanding and use of both prophylactic

and therapeutic interventions on the patient with chronic

liver disease. It is only with this reassessment of our

current research and clinical environments that we can

push the knowledge of coagulopathy in liver disease into

the future.
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