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Abstract
Introduction: Venous thromboembolism (VTE) in patients with liver cirrhosis presents a unique
clinical challenge due to the complex interplay between coagulation abnormalities and liver
dysfunction. This study aims to evaluate the comparative efficacy and safety of different
anticoagulation strategies in this high-risk population through a systematic review and meta-
analysis.

Objectives: To compare the efficacy and safety of different anticoagulation strategies
(unfractionated heparin, low-molecular-weight heparin, vitamin K antagonists, and direct oral
anticoagulants) in patients with liver cirrhosis and VTE. To provide evidence-based
recommendations for the optimal anticoagulation therapy in this patient population.

Methods: A comprehensive literature search was conducted in Scopus and PubMed databases to
identify studies evaluating anticoagulation strategies in patients with liver cirrhosis and VTE.
Inclusion criteria encompassed randomized controlled trials, cohort studies, and case-control studies
comparing at least two anticoagulation strategies and reporting on clinical outcomes such as
recurrence of VTE, major bleeding events, and mortality. Data extraction and quality assessment
were performed independently by two reviewers, and pooled effect sizes were calculated using
random-effects models.

Results: Twenty-two studies, including 14,392 patients, were analyzed. The meta-analysis revealed
that direct oral anticoagulants (DOACs) and low-molecular-weight heparin (LMWH) were
associated with lower recurrence rates of VTE (5.2% and 6.3%, respectively) compared to
unfractionated heparin (UFH) (8.1%).
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DOAC:Ss also demonstrated the lowest risk of major bleeding events (6.1%) and overall mortality
(11.3%). LMWH showed a reduced risk of major bleeding (7.6%) and mortality (13.4%) compared
to UFH. Vitamin K antagonists (VKAS) did not significantly differ from UFH in terms of efficacy
and safety.

Conclusion: The findings suggest that DOACs and LMWH are preferable anticoagulation
strategies for patients with liver cirrhosis and VTE, offering better outcomes in terms of VTE
recurrence, major bleeding events, and overall mortality. These results have important implications
for clinical practice and highlight the need for further research to optimize anticoagulation therapy
in this population.

Keywords: venous thromboembolism, liver cirrhosis, anticoagulation, direct oral anticoagulants,
low-molecular-weight heparin, unfractionated heparin, vitamin k antagonists

Introduction

Venous thromboembolism (VTE) encompasses two related conditions: deep vein thrombosis (DVT)
and pulmonary embolism (PE), both of which are major health concerns globally due to their
significant morbidity and mortality rates. VTE occurs when blood clots form in the deep veins of
the legs, groin, or arms, potentially dislodging and traveling to the lungs, causing PE, which can be
fatal if untreated. The incidence of VTE varies across populations, but it is estimated that VTE
affects approximately 1 to 2 per 1,000 individuals annually, with an increased risk observed in
certain patient groups, particularly those with liver cirrhosis. Liver cirrhosis is the final stage of
chronic liver disease characterized by extensive fibrosis and the formation of regenerative nodules,
leading to compromised liver function. The condition is typically progressive and can result from
various etiologies, including chronic hepatitis B and C infection, alcoholic liver disease,
nonalcoholic fatty liver disease (NAFLD), and autoimmune hepatitis. Patients with liver cirrhosis
are at an increased risk of developing both bleeding and thrombotic complications due to the
complex alterations in hemostasis associated with liver dysfunction. Paradoxically, despite the
bleeding tendency, patients with cirrhosis are also susceptible to VTE, including both DVT and PE,
necessitating careful management of anticoagulation therapy in this unique population.

The management of VTE in patients with liver cirrhosis poses significant clinical challenges due to
the delicate balance between the heightened risk of bleeding and thrombosis. Anticoagulation
therapy, which is the mainstay of VTE treatment, needs to be administered with caution in this
population. Various anticoagulation strategies are employed, including vitamin K antagonists
(VKAS) such as warfarin, low-molecular-weight heparins (LMWHS), and direct oral anticoagulants
(DOACs). Each of these therapeutic options has distinct pharmacological profiles and safety
considerations, particularly in the context of hepatic impairment. Vitamin K antagonists, such as
warfarin, have been widely used in the management of VTE for decades. Warfarin exerts its
anticoagulant effect by inhibiting the synthesis of vitamin K-dependent clotting factors. However,
its use in patients with liver cirrhosis is complicated by the impaired synthesis of clotting factors,
fluctuating levels of anticoagulation, and potential drug-drug interactions. Additionally, the need for
frequent monitoring of the international normalized ratio (INR) to ensure therapeutic efficacy and
safety presents further challenges in this patient population. Low-molecular-weight heparins, such
as enoxaparin and dalteparin, offer an alternative to VKAs. LMWHSs inhibit factor Xa and, to a
lesser extent, factor lla, providing a predictable anticoagulant effect with a lower risk of monitoring
requirements compared to VKAs. However, the use of LMWHSs in patients with liver cirrhosis is
not without concerns. Renal function, which is often compromised in cirrhosis, can impact the
clearance of LMWHs, necessitating dose adjustments and careful monitoring for bleeding
complications.

Direct oral anticoagulants, including dabigatran, rivaroxaban, apixaban, and edoxaban, have
emerged as effective alternatives to VKAs and LMWHs for VTE management. These agents offer
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the advantage of fixed dosing without the need for routine laboratory monitoring and have
demonstrated efficacy and safety in the general population. However, their use in patients with liver
cirrhosis remains controversial due to limited data and concerns regarding hepatic metabolism and
potential hepatotoxicity. The choice of anticoagulation strategy in patients with liver cirrhosis
requires a nuanced understanding of the pharmacokinetics, pharmacodynamics, and potential
adverse effects of these agents in the context of hepatic dysfunction. Several studies have attempted
to evaluate the safety and efficacy of different anticoagulation strategies in patients with liver
cirrhosis and VTE, yet the findings remain inconclusive due to variability in study designs, patient
populations, and outcomes measured. Meta-analyses, which synthesize data from multiple studies,
can provide more robust evidence by increasing statistical power and offering comprehensive
insights into the comparative efficacy and safety of anticoagulation therapies in this challenging
patient population.

This meta-analysis aims to systematically review and analyze the available evidence on the
comparative efficacy and safety of different anticoagulation strategies in patients with liver cirrhosis
and VTE. By pooling data from various studies, this analysis seeks to address the current gaps in
knowledge and provide clinicians with evidence-based guidance on the optimal management of
VTE in patients with liver cirrhosis. The findings of this meta-analysis have the potential to inform
clinical practice and improve patient outcomes by identifying the most effective and safest
anticoagulation strategies for this high-risk population.

Understanding the pathophysiology of VTE in patients with liver cirrhosis is crucial for
appreciating the complexities involved in their management. Liver cirrhosis is associated with a
prothrombotic state, driven by multiple factors, including decreased synthesis of anticoagulant
proteins, such as protein C, protein S, and antithrombin 11, and increased levels of procoagulant
factors like factor VIII and von Willebrand factor. Additionally, portal hypertension, a common
complication of cirrhosis, can lead to stasis of blood flow and subsequent thrombosis in the portal
and systemic venous systems. This prothrombotic milieu is counterbalanced by a concomitant
bleeding risk due to thrombocytopenia, platelet dysfunction, and impaired synthesis of clotting
factors, creating a unique hemostatic environment that complicates the management of
anticoagulation therapy. The choice of anticoagulation therapy in patients with liver cirrhosis must
consider the severity of liver disease, as assessed by clinical scoring systems such as the Child-Pugh
score and the Model for End-Stage Liver Disease (MELD) score. These scores provide prognostic
information on liver function and overall survival, guiding therapeutic decisions. Patients with
advanced liver disease (Child-Pugh class C or high MELD scores) are at a particularly high risk of
bleeding complications, necessitating a cautious approach to anticoagulation. Conversely, those
with milder liver dysfunction may tolerate anticoagulation better, allowing for more aggressive
VTE management.

The clinical presentation of VTE in patients with liver cirrhosis can be atypical, further
complicating diagnosis and management. Symptoms of DVT, such as leg swelling and pain, and
PE, such as dyspnea and chest pain, may overlap with manifestations of cirrhosis and its
complications, including ascites, hepatic hydrothorax, and hepatopulmonary syndrome. Diagnostic
imaging modalities, such as Doppler ultrasonography for DVT and computed tomography
pulmonary angiography (CTPA) for PE, are essential for confirming the diagnosis. However, the
interpretation of imaging findings may be challenging due to the presence of collateral circulation
and vascular abnormalities associated with portal hypertension. Anticoagulation therapy in patients
with liver cirrhosis must be tailored to individual patient characteristics, balancing the risks of
thrombosis and bleeding. The therapeutic landscape is evolving, with ongoing research exploring
the role of novel anticoagulants and personalized medicine approaches. Understanding the
pharmacological nuances of each anticoagulation strategy, including drug interactions, hepatic
metabolism, and renal clearance, is critical for optimizing treatment outcomes.
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Literature Review

Venous thromboembolism (VTE) is a significant clinical problem, especially in patients with liver
cirrhosis. The interplay between liver dysfunction and coagulation abnormalities makes this a
particularly complex issue. Historically, patients with liver cirrhosis were thought to be naturally
anticoagulated due to coagulopathy and thrombocytopenia. However, recent studies have
challenged this view, highlighting that these patients are at a substantial risk of developing VTE
(Northup et al., 2012; Intagliata, Caldwell, & Tripodi, 2014). The incidence of VTE in patients with
liver cirrhosis has been variably reported, with studies indicating rates ranging from 0.5% to 6.3%
(Ageno et al., 2017; Sggaard et al., 2009). This variability can be attributed to differences in study
populations, cirrhosis severity, and diagnostic methods. Key risk factors for VTE in cirrhotic
patients include immobility, infections, invasive procedures, and hospitalization (Zampino et al.,
2012). The prothrombotic state in these patients may also be exacerbated by factors such as
endothelial dysfunction and the presence of central venous catheters (Huerta et al., 2020).

The pathophysiology of coagulation in liver cirrhosis is complex. Cirrhosis affects both
procoagulant and anticoagulant pathways, leading to a rebalanced hemostasis that can tilt towards
thrombosis in certain contexts (Lisman & Leebeek, 2007). The liver synthesizes most coagulation
factors, and its dysfunction results in a decrease in both procoagulant and anticoagulant proteins.
For instance, levels of factors Il, VII, IX, and X are typically reduced, but so are proteins C and S,
and antithrombin (Tripodi et al., 2011). Moreover, patients with liver cirrhosis often exhibit
thrombocytopenia and platelet function abnormalities, contributing to the coagulopathy. Elevated
levels of von Willebrand factor (vWF) and decreased levels of ADAMTS13, an enzyme that
cleaves VWF, have been observed in cirrhotic patients, potentially promoting thrombosis (Violi et
al., 2010). Additionally, the hyperdynamic circulation associated with cirrhosis can lead to
endothelial activation and increased expression of tissue factor, further enhancing the prothrombotic
state (Montalto et al., 2002).

The management of VTE in patients with liver cirrhosis is particularly challenging due to the dual
risk of bleeding and thrombosis. Several anticoagulation strategies have been studied, each with its
own set of benefits and risks. Heparin: Unfractionated heparin (UFH) and low-molecular-weight
heparin (LMWH) are commonly used anticoagulants. UFH is advantageous due to its short half-life
and reversibility with protamine sulfate. However, its use is complicated by the need for frequent
monitoring of activated partial thromboplastin time (aPTT) and the risk of heparin-induced
thrombocytopenia (HIT) (Garcia & Baglin, 2011). LMWH, on the other hand, offers more
predictable pharmacokinetics and does not require routine monitoring, but its use is limited in
patients with severe renal dysfunction, which is often present in cirrhosis (Ageno et al., 2014).
Vitamin K Antagonists: Warfarin, a vitamin K antagonist, has been extensively used for long-term
anticoagulation. However, its use in cirrhotic patients is complicated by the need for frequent
monitoring of the international normalized ratio (INR), which can be challenging due to the
fluctuating liver function and the effect of vitamin K deficiency commonly seen in these patients
(Senzolo et al.,, 2012). Direct Oral Anticoagulants (DOACs): DOACs, including dabigatran,
rivaroxaban, apixaban, and edoxaban, have emerged as attractive alternatives due to their fixed
dosing and lack of routine monitoring requirements. Studies have shown that DOACs are effective
and safe in cirrhotic patients with Child-Pugh A and B liver disease (Intagliata et al., 2020; Hum et
al., 2021). However, their use in patients with Child-Pugh C cirrhosis remains controversial due to
the limited data and potential for accumulation of the drug leading to bleeding complications
(Ageno et al., 2017).

Several studies have compared the efficacy and safety of different anticoagulation strategies in
patients with liver cirrhosis and VTE. For instance, a systematic review and meta-analysis by Qi et
al. (2020) examined the use of anticoagulation in cirrhotic patients, concluding that LMWH and
DOACs were associated with a lower risk of bleeding complications compared to warfarin.
Similarly, another meta-analysis by Zhang et al. (2021) reported that DOACs were as effective as
traditional anticoagulants with a similar safety profile in patients with cirrhosis. Despite these
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findings, the choice of anticoagulant must be individualized, taking into consideration the patient’s
liver function, renal function, risk of bleeding, and other comorbidities. Furthermore, the potential
benefits of anticoagulation must be weighed against the inherent risks in this population,
underscoring the need for a multidisciplinary approach in the management of these patients (Huang
et al., 2020).

Significance of this Study

The management of venous thromboembolism (VTE) in patients with liver cirrhosis presents a
significant clinical challenge due to the complex interplay between thrombosis and bleeding risks.
This study aims to provide a comprehensive analysis of the comparative efficacy and safety of
different anticoagulation strategies in this unique patient population. By synthesizing existing data
through a meta-analysis, this study seeks to offer evidence-based guidance to clinicians who face
the difficult task of balancing anticoagulation therapy in patients with coagulopathies inherent to
liver disease. One of the primary goals of this study is to improve patient outcomes by identifying
the most effective and safest anticoagulation strategy for patients with liver cirrhosis. By analyzing
the relative risks and benefits of various anticoagulants, including unfractionated heparin (UFH),
low-molecular-weight heparin (LMWH), vitamin K antagonists (VKAs), and direct oral
anticoagulants (DOACS), this research aims to provide actionable insights that can reduce both
thrombotic events and bleeding complications. Improved management of anticoagulation in these
patients has the potential to significantly reduce morbidity and mortality associated with VTE. The
existing literature on anticoagulation in patients with liver cirrhosis is fragmented and often
contradictory. Many studies are limited by small sample sizes, retrospective designs, and varying
methodologies, which contribute to inconsistent findings. This meta-analysis aims to consolidate
and critically appraise the available evidence, offering a clearer picture of the relative efficacy and
safety of different anticoagulation strategies. By doing so, it addresses a critical gap in the current
knowledge and provides a more robust foundation for clinical decision-making.

This study also serves as a catalyst for future research. By highlighting the strengths and limitations
of existing studies, it identifies areas where further investigation is needed. Specifically, it
underscores the need for large-scale, randomized controlled trials (RCTs) to better understand the
optimal management of VTE in patients with liver cirrhosis. Additionally, it calls attention to the
potential for novel biomarkers and advanced imaging techniques to refine risk stratification and
therapeutic approaches in this population. The findings of this meta-analysis have the potential to
influence clinical practice guidelines on the management of VTE in patients with liver cirrhosis.
Current guidelines often provide limited and non-specific recommendations for this subgroup,
largely due to the paucity of high-quality evidence. By providing a detailed and systematic
evaluation of existing data, this study aims to support the development of more precise and
evidence-based guidelines, ultimately improving the standard of care for these patients. Beyond
clinical outcomes, the study has significant economic and healthcare system implications. Effective
management of anticoagulation in patients with liver cirrhosis can potentially reduce
hospitalizations, the need for intensive monitoring, and the occurrence of severe complications, all
of which contribute to high healthcare costs. By identifying the most cost-effective and clinically
beneficial anticoagulation strategies, this research can help optimize resource allocation and reduce
the financial burden on healthcare systems. The heterogeneity of liver cirrhosis and its impact on
coagulation underscores the importance of personalized medicine. This study contributes to this
goal by evaluating the differential effects of anticoagulation therapies across various subgroups of
cirrhotic patients, such as those with different severities of liver dysfunction. The insights gained
can help tailor anticoagulation therapy to individual patient profiles, enhancing the efficacy and
safety of treatment.
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Rationale of This Study

The management of venous thromboembolism (VTE) in patients with liver cirrhosis is a clinical
conundrum that requires a nuanced understanding of the complex interplay between coagulation
and liver function. Liver cirrhosis fundamentally alters hemostasis, leading to a delicate balance
between bleeding and thrombosis. This rebalanced hemostasis results from the liver's impaired
synthesis of coagulation factors, which impacts both procoagulant and anticoagulant pathways
(Lisman & Leebeek, 2007). This unique hemostatic environment complicates the decision-making
process for anticoagulation therapy, as clinicians must weigh the risks of hemorrhage against the
risks of thrombotic events. Recent epidemiological studies have highlighted an increasing incidence
of VTE in patients with liver cirrhosis, challenging the traditional notion that cirrhotic patients are
naturally anticoagulated due to their coagulopathy and thrombocytopenia (Northup et al., 2012).
The prothrombotic state in these patients can be attributed to various factors, including endothelial
dysfunction, decreased levels of anticoagulant proteins, and elevated levels of von Willebrand
factor (Violi et al., 2010). These findings underscore the need for effective anticoagulation
strategies tailored to the unique pathophysiological conditions of cirrhotic patients.

Multiple anticoagulation strategies are available, each with specific advantages and drawbacks
when used in patients with liver cirrhosis. Unfractionated heparin (UFH) and low-molecular-weight
heparin (LMWH) are commonly used due to their rapid onset of action and reversibility. However,
UFH requires frequent monitoring and carries a risk of heparin-induced thrombocytopenia (Garcia
& Baglin, 2011). LMWH, while more predictable, is less ideal in patients with renal impairment,
which is common in cirrhosis (Ageno et al., 2014). Vitamin K antagonists like warfarin are
effective but require careful monitoring of the international normalized ratio (INR), which can be
challenging due to the fluctuating liver function and vitamin K metabolism in cirrhotic patients
(Senzolo et al., 2012). Direct oral anticoagulants (DOACS) have emerged as attractive alternatives
due to their fixed dosing and lack of routine monitoring requirements. However, their use in severe
liver disease is still controversial, and data on their safety and efficacy in cirrhotic patients is limited
(Hum et al., 2021).

Given the diverse range of anticoagulation strategies and the unique challenges posed by liver
cirrhosis, a comparative analysis of these strategies is critically needed. This study aims to conduct
a meta-analysis to systematically evaluate and compare the efficacy and safety of UFH, LMWH,
VKAs, and DOAC:s in patients with liver cirrhosis and VTE. By synthesizing data from various
studies, this meta-analysis seeks to provide clearer guidance on the optimal anticoagulation strategy
for this patient population. The current literature on anticoagulation in cirrhotic patients is
fragmented, with studies often vyielding inconsistent results due to small sample sizes,
heterogeneous patient populations, and varying methodologies. This study aims to address these
gaps by aggregating and critically appraising the available evidence to provide more robust and
reliable conclusions. This will help bridge the knowledge gap and inform clinical practice
guidelines, ultimately improving patient care. The findings of this meta-analysis have the potential
to significantly impact clinical practice by providing evidence-based recommendations for the
management of VTE in patients with liver cirrhosis. Improved anticoagulation strategies can
enhance patient outcomes, reduce the incidence of both thrombotic and bleeding complications, and
optimize healthcare resources. Additionally, this study highlights the need for further research,
particularly well-designed randomized controlled trials, to continue advancing our understanding
and management of this complex clinical scenario.

Objectives

« To compare the efficacy and safety of different anticoagulation strategies (UFH, LMWH, VKAs,
and DOACS) in patients with liver cirrhosis and venous thromboembolism.

« To provide evidence-based recommendations for the optimal anticoagulation therapy for cirrhotic
patients, aimed at improving clinical outcomes and minimizing complications.
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Methods

Study Design

This study will be conducted as a systematic review and meta-analysis to evaluate the comparative
efficacy and safety of different anticoagulation strategies in patients with liver cirrhosis and venous
thromboembolism (VTE). The methodology will follow the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure rigorous and transparent
reporting.

Data Sources and Search Strategy

The primary data sources will include Scopus and PubMed databases. A comprehensive literature

search will be performed to identify relevant studies published up to the current year. The search

strategy will employ a combination of keywords and Medical Subject Headings (MeSH) terms

related to liver cirrhosis, venous thromboembolism, anticoagulation therapy, unfractionated heparin

(UFH), low-molecular-weight heparin (LMWH), vitamin K antagonists (VKAs), and direct oral

anticoagulants (DOACS). The search terms will include:

« "Liver cirrhosis” OR "hepatic cirrhosis"

« "Venous thromboembolism™” OR "deep vein thrombosis” OR "pulmonary embolism"

« "Anticoagulation therapy" OR "anticoagulants"

« "Unfractionated heparin™ OR "low-molecular-weight heparin” OR "vitamin K antagonists" OR
"direct oral anticoagulants™

The search will be limited to studies published in English.

Inclusion and Exclusion Criteria

Inclusion Criteria:

e Studies involving adult patients (>18 years) with liver cirrhosis and diagnosed VTE.

« Studies comparing the efficacy and/or safety of at least two anticoagulation strategies (UFH,
LMWH, VKAs, and DOAC:S).

« Randomized controlled trials (RCTs), cohort studies, and case-control studies.

« Studies reporting on clinical outcomes such as recurrence of VTE, major bleeding, and mortality.

Exclusion Criteria:

« Studies involving pediatric populations.

« Case reports, editorials, and reviews.

« Studies not providing sufficient data on outcomes of interest.

« Studies with overlapping or duplicate data from the same cohort.

Data Extraction

Two independent reviewers will screen the titles and abstracts of identified articles to assess their

eligibility. Full-text articles of potentially relevant studies will be retrieved and further evaluated

based on the inclusion and exclusion criteria. Discrepancies between reviewers will be resolved

through discussion and consensus, or by involving a third reviewer.

A standardized data extraction form will be used to collect the following information from each

included study:

e Study characteristics: author, year of publication, study design, sample size, and duration of
follow-up.

« Patient characteristics: age, gender, severity of liver cirrhosis (Child-Pugh classification), and
comorbidities.

« Intervention details: type and dosage of anticoagulation therapy.

« Outcomes: recurrence of VTE, major bleeding events, overall mortality, and other relevant clinical
outcomes.
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Quality Assessment

The methodological quality of included studies will be assessed using the Cochrane Risk of Bias
tool for randomized controlled trials and the Newcastle-Ottawa Scale for observational studies. The
assessment will cover various domains including selection bias, performance bias, detection bias,
attrition bias, and reporting bias. Studies will be categorized as having low, moderate, or high risk
of bias based on predefined criteria.

Statistical Analysis

Data will be analyzed using Review Manager (RevMan) software. The primary outcome will be the
recurrence of VTE, and secondary outcomes will include major bleeding events and overall
mortality. Pooled estimates of effect sizes will be calculated using random-effects models to
account for heterogeneity among studies. Heterogeneity will be assessed using the 12 statistic, with
values greater than 50% indicating substantial heterogeneity.

Subgroup analyses will be conducted based on the severity of liver cirrhosis (Child-Pugh
classification) and type of anticoagulation therapy. Sensitivity analyses will be performed to
evaluate the robustness of the findings by excluding studies with high risk of bias or small sample
sizes.

Publication bias will be assessed using funnel plots and Egger’s test. If significant publication bias
is detected, the trim-and-fill method will be applied to adjust for potential bias.

Ethical Considerations

As this study involves the analysis of already published data, ethical approval is not required.
However, the study will be conducted in accordance with ethical standards for systematic reviews
and meta-analyses.

Results

Study Selection

A total of 2,456 studies were identified through the initial search in Scopus and PubMed databases.
After removing duplicates and screening titles and abstracts, 178 studies were selected for full-text
review. Following the inclusion and exclusion criteria, 22 studies were included in the final meta-
analysis. These studies consisted of 8 randomized controlled trials (RCTs), 10 cohort studies, and 4
case-control studies. The PRISMA flow diagram illustrates the study selection process (Figure 1).

Study Characteristics

The included studies encompassed a total of 14,392 patients with liver cirrhosis and venous
thromboembolism. The mean age of patients ranged from 45 to 67 years, with a male predominance
in most studies. The severity of liver cirrhosis varied, with 56% of patients classified as Child-Pugh
A, 31% as Child-Pugh B, and 13% as Child-Pugh C. The anticoagulation strategies evaluated
included unfractionated heparin (UFH), low-molecular-weight heparin (LMWH), vitamin K
antagonists (VKAS), and direct oral anticoagulants (DOACsS).

Primary Outcome: Recurrence of VTE

The meta-analysis revealed significant differences in the recurrence rates of VTE among the various
anticoagulation strategies. The pooled recurrence rates were 8.1% for UFH, 6.3% for LMWH, 7.4%
for VKAs, and 5.2% for DOACs. The use of DOACSs was associated with the lowest recurrence rate
of VTE, with a risk ratio (RR) of 0.65 (95% CI: 0.50-0.84) compared to UFH. LMWH also showed
a lower recurrence rate compared to UFH, with an RR of 0.78 (95% CI: 0.64-0.96). There was no
significant difference between VKAs and UFH (RR: 0.92, 95% ClI: 0.74-1.14) (Table 1).
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Secondary Outcomes: Major Bleeding Events and Overall Mortality

Major bleeding events were reported in 9.8% of patients receiving UFH, 7.6% for LMWH, 8.9% for
VKAs, and 6.1% for DOACs. DOACs were associated with the lowest risk of major bleeding
events (RR: 0.62, 95% CI: 0.48-0.80) compared to UFH. LMWH also showed a reduced risk of
major bleeding compared to UFH (RR: 0.77, 95% CI: 0.62-0.96). VKAs did not show a significant
difference compared to UFH (RR: 0.91, 95% CI: 0.75-1.12) (Table 2).

Overall mortality rates were 15.2% for UFH, 13.4% for LMWH, 14.1% for VKAs, and 11.3% for
DOACs. DOACs were associated with the lowest mortality rate (RR: 0.72, 95% CI: 0.60-0.87)
compared to UFH. LMWH showed a lower mortality rate compared to UFH (RR: 0.85, 95% CI:
0.73-0.99), while VKAs did not show a significant difference (RR: 0.92, 95% CI: 0.80-1.07) (Table
3).

Subgroup and Sensitivity Analyses

Subgroup analyses based on the severity of liver cirrhosis indicated that the benefits of DOACs and
LMWH were consistent across patients with Child-Pugh A and B cirrhosis. However, the data for
patients with Child-Pugh C cirrhosis were limited, and no definitive conclusions could be drawn.
Sensitivity analyses, excluding studies with a high risk of bias or small sample sizes, confirmed the
robustness of the primary findings. The heterogeneity among studies was moderate (12 ranging from
45% to 65%), and publication bias was assessed using funnel plots and Egger’s test, showing no
significant asymmetry.

Table 1 Recurrence Rates of VTE by Anticoagulation Strategy

Anticoagulation Strategy  Number of Studies Pooled Recurrence Rate (%) Risk Ratio (95% CI)
UFH 10 8.1 Reference

LMWH 12 6.3 0.78 (0.64-0.96)
VKASs 8 7.4 0.92 (0.74-1.14)
DOACs 15 5.2 0.65 (0.50-0.84)

Table 2 Major Bleeding Events by Anticoagulation Strategy

Anticoagulation Strategy  Number of Studies  Pooled Major Bleeding Rate (%) Risk Ratio (95% CI)

UFH 11 9.8 References

LMWH 10 7.6 0.77 (0.62-0.96)
VKAS 9 8.9 0.91 (0.75-1.12)
DOACs 13 6.1 0.62 (0.48-0.80)

Table 3 Overall Mortality by Anticoagulation Strategy

Anticoagulation Strategy  Number of Studies Pooled Mortality Rate (%) Risk Ratio (95% CI)

UFH 12 15.2 Reference

LMWH 9 13.4 0.85(0.73-0.99)

VKAS 8 14.1 0.92 (0.80-1.07)

DOACs 14 11.3 0.72 (0.60-0.87)
Discussion

This meta-analysis aimed to evaluate the comparative efficacy and safety of different
anticoagulation strategies in patients with liver cirrhosis and venous thromboembolism (VTE). The
results indicate that direct oral anticoagulants (DOACs) and low-molecular-weight heparin
(LMWH) are associated with lower recurrence rates of VTE and reduced major bleeding events
compared to unfractionated heparin (UFH) and vitamin K antagonists (VKAS). These findings are
significant as they offer valuable insights into optimizing anticoagulation therapy in a challenging
patient population with unique hemostatic profiles.

The results of this meta-analysis suggest that DOACs may be the most effective and safest option
for anticoagulation in patients with liver cirrhosis and VTE. The lower recurrence rates of VTE and
reduced major bleeding events associated with DOACs are particularly noteworthy. These findings
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align with recent studies that have highlighted the advantages of DOACs over traditional
anticoagulants in various patient populations, including those with liver cirrhosis. For example, a
study by Hum et al. (2021) demonstrated that DOACs are associated with a lower risk of both VTE
recurrence and major bleeding events compared to VKAS in patients with cirrhosis. Another study
by Intagliata et al. (2020) reported similar findings, emphasizing the potential benefits of DOACs in
this high-risk group. These studies support the conclusions of this meta-analysis and underscore the
potential for DOACs to become the preferred anticoagulant in patients with liver cirrhosis.

Unfractionated Heparin (UFH): UFH has been traditionally used due to its short half-life and
reversibility. However, the need for frequent monitoring and the risk of heparin-induced
thrombocytopenia (HIT) make it less ideal for long-term management. The higher recurrence rates
of VTE and major bleeding events associated with UFH in this meta-analysis further question its
utility in patients with liver cirrhosis. Low-Molecular-Weight Heparin (LMWH): LMWH offers
more predictable pharmacokinetics and does not require routine monitoring, making it a favorable
option. The findings of this meta-analysis, showing lower recurrence rates and major bleeding
events compared to UFH, support its use, especially in patients without severe renal impairment.
Vitamin K Antagonists (VKAs): VKAs, such as warfarin, have been the mainstay of long-term
anticoagulation. However, their use in liver cirrhosis is complicated by the need for frequent INR
monitoring and the fluctuating liver function. This meta-analysis did not find a significant
difference in efficacy and safety between VKAs and UFH, suggesting that VKAs may not offer
substantial advantages in this patient population. Direct Oral Anticoagulants (DOACs): The
findings of this meta-analysis strongly favor the use of DOACs, given their lower rates of VTE
recurrence and major bleeding events. The fixed dosing and lack of routine monitoring make
DOAC:Ss an attractive option. However, it is important to note that the data on DOACS in patients
with severe liver disease (Child-Pugh C) are limited, and further studies are needed to establish their
safety and efficacy in this subgroup.

Limitations

This meta-analysis has several limitations. The included studies were heterogeneous in terms of
patient populations, severity of liver cirrhosis, and anticoagulation protocols. Most studies were
observational, introducing potential biases. The data on patients with severe liver cirrhosis (Child-
Pugh C) were limited, and the long-term outcomes of anticoagulation therapy remain unclear.
Additionally, publication bias may have affected the results, although this was assessed and
adjusted for using standard methods. Despite these limitations, this meta-analysis provides a
comprehensive evaluation of anticoagulation strategies in patients with liver cirrhosis and VTE. The
inclusion of a large number of studies and patients enhances the robustness of the findings.

The use of rigorous statistical methods to pool data and assess heterogeneity adds to the reliability
of the results. This study also highlights important areas for future research, including the need for
randomized controlled trials and studies focusing on patients with severe liver cirrhosis.

Future Research Directions

Future research should focus on well-designed randomized controlled trials to provide high-quality
evidence on the safety and efficacy of different anticoagulation strategies in patients with liver
cirrhosis. Studies should also explore the role of novel biomarkers and advanced imaging
techniques in guiding anticoagulation therapy and stratifying the risk of VTE and bleeding.
Additionally, more research is needed on the use of DOACSs in patients with severe liver disease
(Child-Pugh C) to establish their safety and efficacy in this high-risk subgroup.
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Conclusion

This meta-analysis provides valuable insights into the comparative efficacy and safety of different
anticoagulation strategies in patients with liver cirrhosis and VTE. The findings suggest that
DOACs and LMWH are associated with better outcomes compared to UFH and VKAs, making
them preferable options in this patient population. These results have important implications for
clinical practice and highlight the need for further research to optimize anticoagulation therapy in
patients with liver cirrhosis.
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