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Abstract

Hepatic cirrhosis leads to numerous hematologic derangements resulting in a complex and 

tenuously rebalanced hemostatic milieu. The utility of common hematologic tests including the 

INR and aPTT in assessing hemostatic and thrombotic risk in patients with cirrhosis is limited, 

and consensus on transfusion thresholds and proper management of thrombotic complications 

continues to evolve. This review summarizes the pathophysiology of key derangements of 

hemostasis including those of platelets, von Willebrand factor, pro- and anticoagulation factors, 

and fibrin. Additionally, the pathogenesis, consequences, optimal management, and prevention of 

major thrombotic and bleeding complications in cirrhosis arte discussed.
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1 | INTRODUCTION

Hepatic cirrhosis, the end sequela of chronic liver disease, is a leading cause of death in 

the United States and results in significant personal and societal burdens.1 Indeed, in the 

past decade, the prevalence of cirrhosis in the United States has doubled while annual 

mortality due to cirrhosis has increased by 65%.1 Cirrhosis is characterized by a myriad of 

debilitating and often fatal complications, including numerous hematologic derangements in 

all phases of hemostasis.2 Namely, cirrhosis results in a fall in both hepatically produced 

clotting factors and hepatically produced anticoagulants, dysfibrinogenemia, elevations in 

von Willebrand factor, factor VIII (FVIII), elevated tPA, and derangements in platelet 

function and count.3 Thrombocytopenia in cirrhosis itself is multifactorial and secondary 

to reduced thrombopoietin, splenic platelet sequestration, and hypersplenism.2 This array 

of derangements results in a “rebalanced” hemostasis in which pro- and anticoagulant 
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dyscrasias offset one another.4 As a multifactorial phenomenon, however, this rebalance is 

not adequately reflected by routine laboratory tests commonly used to characterize cirrhotic 

coagulopathy, including PT/INR, which only assesses isolated reductions in procoagulant 

factors.3 Importantly, cirrhotic hemostasis is tenuous and easily derailed by common insults 

including infection, renal failure, endothelial dysfunction, and hemodynamic stressors 

such as portal hypertension.2,4 Hemodynamically significant bleeding and thrombosis are 

common in advanced liver disease (Figure 1).5

Given the complexity and fragility of the rebalanced hemostasis of cirrhosis, uncertainty 

persists regarding best practices for the evaluation and management of hemostasis. Most 

fundamentally, concerns have been raised regarding the utility of routine hematologic 

tests including PT/INR, platelet count, PTT, and fibrinogen as both clinical markers and 

therapeutic targets.2,3,6 Growing evidence supports the use of functional evaluations of 

hemostasis in cirrhosis including thromboelastography.7 Commonly utilized transfusion 

thresholds are under increasing scrutiny, and recommendations regarding the use of 

procoagulant therapies in patients with liver disease continue to evolve.2,6 Additionally, a 

clear consensus on prevention and management of thrombotic complications of cirrhosis has 

yet to be reached.8,9

In summary, multiple unanswered questions remain regarding the optimal management of 

the hematologic sequalae of chronic liver disease. This review will summarize ongoing areas 

of investigation including hematologic markers, best transfusion practices, and pro- and 

anticoagulant therapies for patients with cirrhosis. We will also identify areas for potential 

continued research.

2 | HEMOSTATIC DERANGEMENTS

2.1 | Primary hemostasis—Platelets

As many as 77% of patients with cirrhosis have thrombocytopenia, although the 

thrombocytopenia is rarely severe and most patients maintain platelet counts >30 000–

40 000.2,10 The pathogenesis of cirrhotic thrombocytopenia is a multifactorial imbalance 

between platelet production and destruction. Reduced thrombocytogenesis is primarily 

driven by low thrombopoietin (TPO), a key hormone regulator of megakaryocyte growth 

and platelet production that is normally secreted by hepatocytes at a constant rate.11 

Patients with cirrhosis have been shown to have low hepatic TPO-mRNA and recovered 

TPO levels are observed following orthotopic liver transplantation, evidencing deficient 

hepatic production in cirrhosis.12 Insufficient platelet production is often also secondary 

to bone marrow suppression concomitant with the underlying etiology or sequela of liver 

disease including alcoholic bone marrow suppression, folate and B12 deficiencies, hepatitis 

C infection, and interferon treatment.2,12 Increased destruction in platelets is also a driver of 

thrombocytopenia. Not only does portal hypertension reduce circulating platelets via splenic 

sequestration, but also radiolabeled platelet studies in cirrhosis demonstrate reduced platelet 

survival times, suggesting increased destruction, likely driven by the hypersplenism seen 

in up to 55% of advanced liver disease patients.2,13 Immune-mediated platelet destruction 

is a known complication of hepatitis C or primary biliary cirrhosis. And more broadly, 

autoantibodies against GPIIb-IIIa and other platelet glycoproteins have been described in 
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patients with cirrhosis, implicating auto-antibody mediated platelet destruction as another 

potential, but likely uncommon, cause of thrombocytopenia.14,15 Lastly, accelerated platelet 

consumption secondary to cirrhosis-related hypercoagulability, or chronic low-grade DIC, 

may also contribute.12,16 Despite its ubiquity, the thrombocytopenia of advanced liver 

disease is rarely predictive of increased bleeding risk.16,17

The functionality of platelets in cirrhosis is an area of ongoing research.12 Platelet function 

in terms of adhesion, activation, and aggregation—as measured via conventional metrics 

such as light aggregometry, PFA-100, and bleeding time—has traditionally been viewed 

as impaired.18–20 Notably, many platelet function assays require a platelet count >100 000 

to be accurate. And more recently, evaluation using flow cytometry and other techniques 

has demonstrated preservation of all three functions when platelet count and hematocrit 

are adjusted to normal levels, suggesting that cirrhotic thrombocytopathy may not be 

significant in vivo.21,22 Platelets also function to provide a surface for the assembly of 

enzymatic complexes involved in thrombin formation.23 In this regard, assessments of 

platelet-supported thrombin generation in patients with cirrhosis demonstrate adequate, or 

even increased, thrombin production.4,23,24 Ultimately, similar to platelet count, the utility 

of platelet function tests in predicting bleeding risk in advanced liver disease is minimal, as 

platelet function may be physiologically preserved despite abnormal metrics.12,25

2.2 | Primary hemostasis/Von Willebrand factor

Von Willebrand factor (VWF), a circulating endothelial-cell-produced multimeric protein 

that serves to adhere platelets to the site of vessel injury, is elevated in patients with 

cirrhosis. This may be due to endothelial damage, reduced liver-mediated clearance, or 

even direct synthesis in the cirrhotic liver.22,26 In any case, elevated VWF levels are 

a possible compensatory mechanism to the functional detriment of thrombocytopenia 

in cirrhosis and are strongly correlated to disease severity.3,12 Although the functional 

capacity of VWF declines as liver disease advances, the quantitative increase in VWF 

appears to overcome the qualitative defects as VWF-dependent platelet adhesion assays in 

cirrhosis demonstrate significantly elevated adhesion.22 Additionally, levels of ADAMTS13, 

a hepatically produced VWF cleaving protease, are commonly reduced in cirrhosis.27,28 

Low ADAMTS13 levels reflect hepatic synthetic decline and are closely correlated with 

clinical outcome in advanced disease.29

2.3 | Coagulation

With the exception of FVIII and VWF, pro- and anticoagulation factors are exclusively 

produced by liver parenchymal cells. Clotting factor levels fall in parallel with the 

progression of liver disease, as do the levels of proteins C and S, although they retain 

full functionality.4 In contrast, FVIII, one of the most potent drivers of thrombin generation, 

is produced in intra- and extra-hepatic endothelial cells and is often markedly increased 

in cirrhosis.3 This is due to increased synthesis—cytokine release from necrotic liver 

tissue stimulates endothelial production of FVIII—as well as reduced clearance.30 Namely, 

elevated VWF in cirrhosis binds to FVIII and prevents protease cleavage.30 Degradation 

is also impaired by reduced hepatic expression of low-density lipoprotein receptor, which 

mediates FVIII cellular uptake and eventual degradation.30
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Reduced hepatic synthesis of coagulation factors in cirrhosis leads to well-known laboratory 

derangements in PT/INR. Although PT derangements reflect hepatocellular damage and 

have prognostic significance, these tests do not comprehensively reflect the rebalanced 

hemostasis of chronic liver disease. INR only reflects variations in procoagulant factors, but 

does not factor in a concomitant fall in anticoagulant factors or endothelial-based thrombosis 

modulators such as thrombomodulin.31 Conventional assessments of coagulation, therefore, 

do not reliably predict bleeding (including gastrointestinal and procedural bleeding), or 

thrombotic risk.30,32,33

In fact, thrombin generation tests done in the presence of thrombomodulin to reflect 

conditions in vivo demonstrate normal to increased thrombin generation in patients with 

cirrhosis.2,34 Partial resistance to thrombomodulin, which accelerates the thrombin-mediated 

conversion of protein C into its active form, has been demonstrated in cirrhosis and may 

contribute to preserved thrombin production.35 Reflecting this, thromboelastography (TEG) 

which measures the hemostatic characteristics of whole blood and takes into account 

clotting factor, platelet, and fibrin activity demonstrates normal hemostasis in patients with 

advanced liver disease.2,7,12,36 Although it should be acknowledged that TEG or Rho-TEM 

may be less suited to evaluate baseline hemostasis, and rather holds greater utility as a point 

of care test in instances of acute blood loss, as this is the primary situation in which most 

TEG results will be “abnormal.”

2.4 | Fibrinolysis

Most pro- and antifibrinolytic proteins including plasminogen, a2antiplasmin, thrombin-

activatable fibrinolysis inhibitor, and FXIII are synthesized in the liver and are reduced in 

chronic liver disease. Tissue plasminogen activator (tPA) and PAI-1 are the exceptions, as 

both are synthesized in endothelial cells, and in the case of PAI-1, multiple other tissues 

including adipose tissue.2 Similar to VWF, tPA levels in chronic liver disease are typically 

elevated due to enhanced endothelial production and reduced hepatic clearance. PAI-1 levels 

are variable; however, evidence of increased tPA activity in cirrhosis indicates that PAI-1 

is decreased at least relative to TPA.37 There is some evidence that the net effect of 

these changes is to produce hyperfibrinolysis in cirrhosis, particularly given the potential 

effects of fibrinolytic ascitic fluid,38,39 although the reduction in antifibrinolytic proteins 

does appear to be largely balanced by a joint decrease in pro-fibrinolytic factors.3,40 Of 

note, antifibrinolytic therapy is commonly utilized during liver transplant surgery to prevent 

fibrinolysis and bleeding.41–43

2.5 | Thrombosis

The rebalanced hemostasis of advanced liver disease is tenuous and is increasingly 

seen as more pro- than anti-thrombotic.35 Hematologic derangements including elevated 

VWF, resistance to thrombomodulin, reduced protein C, significantly elevated FVIII, 

and enhanced platelet-mediated thrombin production all contribute to a procoagulant 

state.35 Systemic processes including increased intra-hepatic vascular resistance, reduced 

venous flow velocity, venous stasis, and endothelial activation due to endotoxemia 

and systemic inflammation also precipitate coagulation.31,44 As such, cirrhosis is 

associated with an increased risk of splanchnic venous thrombosis and peripheral venous 
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thromboembolism.30,45 Most estimates identify the prevalence of portal vein thrombosis 

in cirrhosis to be between 0.6% and 15%,46,47 although some studies show prevalence as 

high as 26% in end-stage liver disease.31,48 Post-transplant, portal vein thrombosis is linked 

to a 30% mortality increase.35 Venous thromboembolism (VTE), specifically deep vein 

thrombosis and/or pulmonary embolism, occurs in up to 6% of patients with cirrhosis, which 

is approximately doubled the risk of those without cirrhosis.49,50 VTE has been associated 

with increased mortality in compensated and decompensated patients with cirrhosis.51 As 

with splanchnic thrombosis, risk increases with disease severity and progressive hepatic 

synthetic dysfunction.49 Ultimately, however, the complete pathogenesis of thrombosis in 

cirrhosis remains undetermined, and investigations are confounded by an increase in other 

risk factors inherent to severe illness such as immobility and systemic inflammation.31

Evidence suggests that the procoagulant imbalance of chronic liver disease also contributes 

to hepatic fibrosis.3 For instance, in the setting of hepatitis C, patients with factor V 

Leiden mutation experience significantly accelerated fibrosis while those with hemophilia 

experience less severe fibrosis.35,52,53 Additionally, hepatic vein thrombi (Budd-Chiari 

syndrome) is recognized as a direct cause of hepatic fibrosis.54 The pathogenesis of hepatic 

fibrosis in the setting of hypercoagulability may be due to microthrombi leading to hypoxia 

and cellular injury.55 More likely, however, fibrosis is driven via direct stellate cell activation 

through thrombin binding to PAR-1 receptors and also possibly via factor Xa binding 

to PAR-2 receptors, both of which are overly expressed on cirrhotic stellate cells and 

are correlated with disease progression.35,52 Upon activation, quiescent stellate cells are 

converted to wound-healing myofibroblasts with robust pro-fibrotic activity.35 Highlighting 

the potentially contributory role of PAR receptors, PAR-1 is the primary receptor for 

thrombin in platelets and anti-platelet therapy has been associated with reduced fibrosis.52 

Similarly, enoxaparin has been shown to slow hepatic decompensation (defined as ascites, 

sepsis, variceal bleeding, or encephalopathy) and improve survival in patients with portal 

vein thrombosis, likely via a reduction in thrombin and factor Xa PAR binding.56 The 

efficacy of direct-oral anticoagulation (DOAC) therapy or direct factor Xa inhibition in 

slowing fibrosis via a secondary reduction in downstream PAR activation is a potentially 

interesting area of future research.52

Beyond potential anti-fibrotic benefits, there is some evidence supporting the safety and 

efficacy of therapeutic anticoagulation (AC) in selected patients with cirrhosis (Table 1), 

particularly in patients with compensated cirrhosis, or Child-Pugh class A or B cirrhosis. 

Although the evidence is still developing, some retrospective and small prospective trials 

suggest that in patients with portal vein thrombosis (PVT), therapeutic AC does not 

increase bleeding risk (including variceal bleeding risk), leads to increased recanalization, 

and achieves reduced progression of thrombosis.45,57,58 In particular, PVT treatment and 

recanalization in patients preparing for liver transplant may be considered as significant 

increases in morality are associated with PVT in this setting.45,57,59 Low molecular weight 

heparin is safe and effective, as well as DOACs, which have been shown to be superior to 

warfarin for treatment of PVT in cirrhosis, although clinicians should remain mindful of the 

evidence’s relative limitations.57,60,61 Similarly, a 2018 systematic review demonstrated that 

therapeutic AC in patients with cirrhosis and atrial fibrillation achieves reduced stroke risk 

without an increased risk of bleeding.62 Although most research on management of venous 
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thrombosis in cirrhosis has focused on PVT, best practice recommendations extrapolate from 

the success of PVT treatment and recommend systemic heparin infusion for symptomatic 

peripheral VTE in patients with cirrhosis in the acute setting,.45

In terms of choice of agents, LMWH has traditionally been favored in cirrhosis, although 

variable levels of anti-Xa in liver disease (due to reduced levels of antithrombin and 

variable laboratory practices re exogenous ATIII supplementation) make interpretation of 

the anti-Xa assay typically used for evaluation challenging.63,64 Vitamin K antagonists are 

also frequently utilized, although they are hindered by a counterproductive reduction protein 

C and reliance on poorly representative INR, leading to significant time potentially spent 

outside of the therapeutic range. The aPTT assay, used to assess unfractionated heparin, is 

also skewed in cirrhosis. Although patients with liver disease were not included in the major 

clinical trials demonstrating DOAC safety and efficacy, DOACs may be preferred for AC 

in the setting of liver disease. Subsequent investigations of therapeutic AC with DOACs in 

cirrhosis have shown that they confer an equal or even reduced bleeding risk, particularly 

central nervous system bleeding risk, compared with traditional anticoagulants, without the 

need for stringent monitoring.8,65–68 Multiple randomized controlled trials in patients with 

PVT have demonstrated DOAC superiority over warfarin in terms of reducing clot burden 

and mortality.59–61 Notably, however, all DOACs undergo some form of hepatic metabolism, 

and while evidence suggests they do not carry an elevated risk of serious hepatic injury, 

further adequately powered studies are warranted.69,70

There is no clear consensus on primary prevention of thromboses in cirrhosis (Table 1). 

Multiple studies have resulted in neither decrease in VTE nor increase in bleeding in 

hospitalized patients with cirrhosis who were placed on prophylactic AC.9,71,72 Long-term 

prophylaxis with enoxaparin, however, has been shown to successfully prevent PVT and 

decrease cirrhotic decompensation without increasing bleeding.56 Indeed, prevention of PVT 

may even achieve long-term reductions in bleeding risk through lowering portal venous 

pressure.73 In particular, given the adverse effects of PVT on liver transplantation, PVT 

prophylaxis is indicated among patients awaiting transplantation.3,59,74 The best practice 

guidelines also recommend prophylactic anticoagulation for peripheral DVT in hospitalized 

patients with cirrhosis, although ultimately the decision is still often left up to clinician 

gestalt.59,75

2.6 | Bleeding

Although thrombotic risk may be more severe, multiple hematologic derangements of 

cirrhosis including reduced clotting factors, thrombocytopenia, and hyperfibrinolysis can 

contribute to a bleeding diathesis and bleeding complications are common. Variceal 

bleeding is the most prevalent and significant complication and occurs in up to 35% of 

patients with advanced liver disease.4,76 Other common presentations include bruising, 

purpura, epistaxis, menorrhagia, and procedural bleeding. Notably, many non-surgical 

invasive procedures (including liver biopsy, paracentesis, thoracentesis, transesophageal 

echocardiography (TEE), central vein catheter insertion, endoscopic esophageal varices 

ligation, and transarterial chemoembolization) are safe and not associated with increased 

bleeding risk in cirrhosiss.77 This is reflective of the overall “rebalance” of hemostasis. 
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Indeed, in contrast to thrombosis, most bleeding in cirrhosis is thought to be secondary 

to systemic, hemodynamic, and vascular abnormalities including endotoxemia, endothelial 

dysfunction, renal failure, disseminated intravascular coagulation, and portal hypertension 

rather than coagulopathies.4,76–79 This is true of variceal bleeding and may also be 

the case for other common bleeding sequalae, including those related to most invasive 

procedures.4,76,77,80

The prevention and treatment of bleeding in cirrhosis is nuanced. Blood product 

transfusions deliver substantial volumes of oncotically active fluid and can exacerbate 

portal hypertension through circulatory overload as well as increase risk of infection and 

transfusion reactions6,59 Common tests to evaluate coagulation including PT/INR, PTT, 

platelet count, and fibrinogen level are often inaccurate predictors of bleeding risk as they 

do not reflect more clinically relevant hemodynamic risk factors.81 For this reason, the 

utility of routine evaluation and correction of coagulation indices to addressing bleeding 

risk is increasingly questioned and guidelines recommend sparing use of blood products in 

cirrhosis.59,77,79 However, preventive or therapeutic correction of some coagulopathies is 

beneficial in certain settings (Table 2).

In terms of hemoglobin, packed red blood cell (PRBC) transfusion prior to high-risk 

procedures or major surgery is recommended to maintain hematocrit >25% in cirrhosis, 

as this is thought to improve platelet margination.59 If PRBC transfusion is required in 

the setting of active bleeding, a restrictive transfusion threshold of hemoglobin of 7 is 

known to significantly improve outcomes of upper GI bleeding, particularly in patients 

with cirrhosis.82 In terms of platelets, in the event of an upcoming high-risk procedure or 

surgery, targeting a platelet count of 50 000–60 000 either via TPO administration or platelet 

transfusion is suggested.45,59 Platelet-supported thrombin generation has been shown to 

be preserved at platelet counts >56 000.23 However, no clinical trials have demonstrated 

improved hemostasis with prophylactic platelet transfusions to a threshold of 50 000. 

Importantly, thoracentesis, paracentesis, or upper endoscopy for variceal banding have been 

shown to be safe at platelet counts as low as 20 000 and for which prophylactic platelet 

transfusion is not recommended.59,83 For the correction of thrombocytopenia, TPO may be 

preferred over platelet transfusion when possible, although it requires approximately 10 days 

to achieve full effect.59 TPO does not exacerbate portal hypertension, provides longer-term 

platelet supplementation, and is significantly more cost-effective than platelet transfusions 

(one course of avatrombopag costs approximately $3800, vs. one unit platelet transfusion 

costs approximately $9200).84,85 Beyond time constraints, the major hindrance of TPO in 

cirrhosis is a potential increased risk of PV, although newer agents including avatrombopag 

and lusutrombopag may have lesser or no risk.59,86–89 additionally, much is yet to be 

known regarding optimal dosing to minimize the adverse thrombotic effects.2,86,87 The 

maintenance of fibrinogen levels above 100–120 mg/dL has also demonstrated reduction in 

bleeding and mortality in cirrhosis.6,90 Cryoprecipitate is superior to fresh frozen plasma 

for this purpose as it does not require large transfusion volumes.6 Lastly, correction of 

hyperfibrinolysis is potentially beneficial; prophylactic use of transexamic acid (TXA) prior 

to liver transplantation has demonstrated successful reductions in blood loss and transfusion 

requirements, although not in mortality.41–43 Notably, TXA has not been found to be 

effective for the management of acute variceal bleeding, although it may be useful for the 
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management of diffuse mucosal bleeding.45,91 Further investigation regarding adverse events 

and optimal dosing of TXA in cirrhosis is warranted.6

In contrast to hemoglobin, platelets, and fibrinogen, INR-based transfusion targets are 

not well supported.59,92 INR is not predictive of bleeding risk in cirrhosis, and its 

correction to an arbitrary target typically requires large volumes of FFP, which exacerbate 

portal hypertension while achieving minimal, or even reduced, thrombin generation.59,92,93 

Additionally, FFP is time consuming to administer and may expose patients to unnecessary 

procedural delay.2 Prothrombin complex concentrate (PCC) has also been shown to 

effectively reduce INR in patients with cirrhosis and can be administered significantly 

more quickly and in smaller volume than FFP.6 However, evidence is scarce, and the 

degree of reduction in bleeding is unclear, while the risk of thromboembolism and DIC 

is not insignificant.6,94 The clinical utility of PCC in liver disease is likely in emergency 

bleeding, although much remains unknown. The use of recombinant factor VIIa infusion to 

correct INR is also not recommended as it has not demonstrated reduction in intra-operative 

transfusion requirements or mortality.6,43,95 Vitamin K is also often administered to address 

PT/INR elevations in advanced liver disease patients; however, there are little data to support 

its use.2,96,97 DDAVP has been considered as another potential hemostatic agent in patients 

with cirrhosis; however, there is no evidence that it improves outcomes in variceal bleeding 

or reduces intra-operative transfusion requirements.2,59,98 Some guidelines do recommend 

the use of DDAVP for the treatment of active bleeding in patients with concomitant uremic 

renal failure.59

Beyond targeting individual coagulation components, the use of TEG or other viscoelastic 

tests of whole blood coagulation to guide peri- and intra-operative transfusion during liver 

transplant has been shown to successfully reduce bleeding, but without definitive mortality 

benefit.6,36 Although most studies are small and limited, and largely included procedures 

with low-to-moderate bleeding risk, TEG has also been successfully used to predict post-

transplant thrombosis risk, bleeding risk during invasive procedures, and to reduce the use of 

blood components in non-variceal upper gastrointestinal bleeds without increasing bleeding 

complications.36,99–101 Ultimately, the clinical use of TEG in liver disease is still limited by 

subjective interpretation due to lack of validated target levels.59

3 | CONCLUSION

Cirrhosis is a state of tenuously rebalanced both pro- and anti-thrombotic hematologic 

derangements. This rebalanced hemostasis is likely more pro- than anti-thrombotic, and 

in addition, to driving clot formation may also directly contribute to hepatic fibrosis. 

Although definitive evidence is lacking, AC appears to be indicated for select patient 

populations with cirrhosis, including patients with symptomatic PVT, patients awaiting 

liver transplant, and some patients with peripheral thromboses. However, most studies 

demonstrating benefit with AC are small and retrospective, with heavily selected patient 

populations. No prospective randomized controlled studies exist, leaving a lack of clear 

guidance for commonplace clinical questions. In particular, given the high prevalence and 

significant heterogeneity of splanchnic venous thrombosis, clarifying indications for AC 

in this setting would be especially useful. Additionally, most data on AC in patients with 
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cirrhosis are based on LMWH which, given monitoring concerns (anti-Xa assays), expense, 

and cumbersome administration, has limited long-term utility. There may be a role for 

DOAC’s to expand the favorable data from LMWH, further exploration in this area has the 

potential to significantly impact daily practice.

In terms of bleeding sequela, one particularly interesting area of continued investigation 

may be in further clarifying and expanding the use of TPO memetics. Evidence suggests 

that preprocedural TPO is associated with fewer platelet transfusions and less bleeding.89 

However, current data are limited by significant lack of standardization in transfusion 

practices, paucity of data prior to high-risk surgeries or procedures, and concern regarding 

potential thrombosis-related adverse events.89 Notably, minimization of transfusion burden 

is also beneficial in that it mitigates sensitization prior to transplant, which complicates 

cross-matching for future transfusions. Another avenue of highly clinically relevant 

investigation is the evaluation of global hemostasis in cirrhosis. Although currently available 

measurements of whole blood functionality are useful, everyday clinical use is limited by 

the lack of validated, easy to interpret, and standardized targets. The clarification of such 

targets would be foundational to the standardization and protocolization of the management 

the coagulopathy of chronic liver disease, a much-needed development given the current 

wide diversity of practice. In sum, although much recent progress has been made in 

advancing the understanding of the hematologic situation in cirrhosis, major questions 

remain. The development of evidenced-based guidelines for the management of common 

clinical scenarios, both in terms of bleeding and thrombosis should remain a priority.
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Novelty Statement:

• This paper presents an up-to-date review of the available literature regarding 

the hemostatic and thrombotic sequela of chronic liver disease.

• The liver disease leads to numerous derangements in blood proteins and 

consequently carries an increased risk of both bleeding and clotting.

• This review provides guidance regarding the pathophysiology, monitoring, 

prevention, and management of coagulation disorders and related 

complications in liver disease.
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SIGNIFICANCE STATEMENT

This paper provides a review of the pathophysiology and management of the blood 

disorders associated with chronic liver disease. Liver disease leads to numerous 

derangements in blood proteins and consequently carries an increased risk of both 

bleeding and clotting. Liver disease also affects the accuracy of common tests of blood 

function. This review succinctly summarizes available literature to provide guidance 

regarding monitoring, prevention, and management of blood disorders and related 

complications in liver disease.
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FIGURE 1. 
Pathogenesis of hematologic derangements of cirrhosis Created with biorender.com
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