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Abstract 

Introduction: Anticoagulant treatment in patients with liver cirrhosis is challenging. 

The aim of this systematic review was to evaluate clinical outcomes of direct oral 

anticoagulant (DOAC) therapy in cirrhosis patients. 

Materials and Methods: A systematic search was performed in MEDLINE, Embase, 

and conference proceedings up to November 7th, 2017, for studies that evaluated the 

efficacy and safety of DOACs in cirrhosis patients with venous thromboembolism 

(VTE), splanchnic vein thrombosis (SVT), or atrial fibrillation (AF). Two authors 

independently screened titles, abstracts, and full-text articles, and assessed risk of 

bias. A meta-analysis could not be performed due to heterogeneity of the included 

studies.  

Results: Of the 2,927 articles assessed, five retrospective cohort studies were 

included (n=239, including 20 patients overlap). All studies had fair methodological 

quality. Two studies evaluated DOAC treatment only, and three also evaluated 

vitamin K antagonists (VKAs) or low-molecular-weight heparins (LMWHs). Recurrent 

VTE (DOAC n=12, LMWH/VKA n=8) or ischemic stroke (DOAC n=37, LMWH/VKA 

n=9) occurred in none of the patients. Progression of VTE was 8% with DOACs 

(n=12) and 13% with VKAs and LWWH (n=8). Recurrent SVT occurred in 0 to 4% 

with DOACs (n=31). Progression of SVT was 0 to 5% with DOACs (n=24) and 0 to 

47% with VKAs and LMWH (n=33). Major bleeding risk ranged from 4 to 15% with 

DOACs (n=172) and from 7 to 28% with VKAs and LMWH (n=67). All-cause mortality 

risk was 6% with DOACs (n=36).  

Conclusions: There is paucity of data on the efficacy and safety of DOACs in patients 

with cirrhosis. This analysis suggests that DOACs may be effective and safe for 

treatment of VTE, SVT, and AF in these patients.  
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SVT – splanchnic vein thrombosis 

VKA – vitamin K antagonist 

VTE – venous thromboembolism 
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Introduction 

Anticoagulant treatment can be challenging in cirrhosis patients due to the risks of 

both (recurrent) thrombotic and bleeding events. For many decades, liver cirrhosis 

was considered to induce an auto-anticoagulated state, protecting patients from 

thrombotic events and causing haemorrhagic complications. More recent studies 

show that the haemostatic system in patients with cirrhosis appears to be more 

balanced because it is associated with changes in both pro- and anticoagulant 

pathways [1]. These changes include disorders of primary haemostasis (e.g. 

thrombocytopenia [2]) and secondary haemostasis (e.g. deficiencies of coagulation 

factors II, V, VII, IX, X, and XI, or antithrombin [3,4]), but also of the fibrinolytic system 

(e.g. plasminogen deficiency) [5]. Therefore, cirrhosis patients are vulnerable to both 

bleeding and thrombosis. Splanchnic vein thrombosis is present in 8 to 15% of 

patients with cirrhosis [6,7]. Portal vein thrombosis in particular is diagnosed in 0.6 to 

17% of cirrhosis patients [8–11]. Due to reductions in portal flow, the presence of 

portal vein thrombosis further increases the risk of bleeding (especially variceal 

bleeding) in patients with cirrhosis [12–14]. In addition, cirrhosis patients have a 1.7-

fold increased risk of deep vein thrombosis and pulmonary embolism, collectively 

termed venous thromboembolism, and a 1.5-fold increased risk of atrial fibrillation 

[15,16]. Direct oral anticoagulants (DOACs) are the current recommended treatment 

for venous thromboembolism and atrial fibrillation [17,18], and have several 

advantages over vitamin K antagonists (VKA) and low-molecular-weight heparins 

(LMHWs), since they can be given orally and avoid the need for laboratory 

monitoring. However, the evidence on DOAC therapy in cirrhosis patients is limited 

as they were excluded from the large phase III trials that evaluated the efficacy and 
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safety of DOACs in patients with venous thromboembolism and atrial fibrillation [19–

26].  

 The aim of the present review was to evaluate the clinical outcomes of DOAC 

therapy in cirrhosis patients with venous thromboembolism, splanchnic vein 

thrombosis, or atrial fibrillation. 

 

Materials and methods 

A systematic literature search was performed in MEDLINE and Embase from 

inception up to November 7th, 2017, combining terms for ‘anticoagulants’ and 

‘cirrhosis’ (Appendix A & B). No language restrictions were applied. In addition, 

conference proceedings from the annual International Liver Congress, the American 

Society of Hematology, and the International Society on Thrombosis and 

Haemostasis were manually searched from 2009 (the year of publication of the first 

phase III DOAC trial [22]) to 2017. 

Two authors (EWH and NK) independently screened titles, abstracts, and 

subsequently full-text articles for cohort studies or trials that evaluated clinical 

outcomes of efficacy and/or safety of DOAC treatment for venous thromboembolism, 

splanchnic vein thrombosis, or atrial fibrillation in patients with objectively confirmed 

liver cirrhosis, irrespective of the Child Pugh or MELD score. Studies that enrolled 

less than 10 patients were excluded, as well as studies that included patients with a 

broad definition for chronic liver disease as these studies also include patients 

without cirrhosis. 

Risk of bias assessment was performed independently by the same two 

authors using the Newcastle Ottawa Scale for cohort studies [27]. Both authors 

independently extracted data using standardized forms, which included study 
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characteristics, patient characteristics, indication for anticoagulant therapy, treatment 

regimen, and efficacy and safety outcomes. Corresponding authors of included 

studies were contacted to provide additional information when needed. 

Efficacy outcomes included recurrent venous thromboembolism and clot 

progression in patients with venous thromboembolism, recurrent splanchnic vein 

thrombosis and clot progression in patients with splanchnic vein thrombosis, and 

ischemic stroke in patients with atrial fibrillation. Safety outcomes were major 

bleeding events and all-cause mortality.  

 Frequencies were computed for the separate outcomes in case they were not 

provided in the original studies. A meta-analysis could not be performed due to 

substantial heterogeneity of study populations and study designs.  

 

 

Results 

The literature search identified 2,927 unique citations, of which five studies, including 

one abstract, met the inclusion criteria [28–32] (Figure). Study quality was judged to 

be fair for all studies based on the Newcastle-Ottawa Scale for cohort studies 

(Supplementary Table 1).  

Study characteristics are summarized in Table 1. All studies had a 

retrospective design and included cirrhosis patients with either deep vein thrombosis, 

splanchnic vein thrombosis, or atrial fibrillation. None of the patients had pulmonary 

embolism. In total, the studies included 239 patients. Sample sizes ranged from 36 to 

69 patients. In one study, only 18 of 36 patients completed follow-up [28]. Two 

studies included DOAC recipients only [28,29], whereas in the remaining three 

studies patients received either DOAC, VKA, or LMWH [30–32]. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

  Page 9 of 35 

 
 

 

Patient characteristics are summarized in Table 2. The median/mean age 

ranged from 57 to 73 years among DOAC recipients, and from 58 to 67 years among 

VKA and LMWH recipients. The proportion of males ranged from 50 to 77% in DOAC 

recipients, and from 57 to 78% in those who received VKA or LMWH. The Child-Pugh 

score was most often A or B, but 10 patients (14%) in the study by Kunk and 

colleagues [29] had Child Pugh class C as well as 4 patients (15%) in the study by 

Hum and colleagues [31].  

 Anticoagulant treatment regimens are summarized in Table 3. DOACs 

included dabigatran, rivaroxaban, apixaban, and edoxaban. Anticoagulants in the 

control groups included VKA and LMWH. Median/mean treatment duration ranged 

from 6 to 9 months with DOACs, and from 6 to 16 months with VKA and LMWH. Both 

therapeutic and prophylactic doses of DOACs and LMWHs were used.  

 Clinical outcomes are summarized in Table 4. Recurrent venous 

thromboembolism was reported in one study and occurred in none of the patients 

with venous thromboembolism (DOAC n=12, LMWH/VKA n=8) [31]. Clot progression 

of venous thromboembolism in patients with venous thromboembolism was reported 

in one study and was 8% with DOACs (n=12) and 13% with VKAs and LMWHs (n=8) 

[31]. Recurrent splanchnic vein thrombosis was reported in two studies and occurred 

in 0 to 4% of patients with splanchnic vein thrombosis receiving DOACs (n=31) 

[28,31]. Clot progression of splanchnic vein thrombosis in patients with splanchnic 

vein thrombosis was reported in two studies and occurred in 0 to 5% of patients 

treated with DOACs (n=24) and in 0 to 47% of patients who received VKA or LMWH 

(n=33) [31,32]. One study combined clot progression for patients with deep vein 

thrombosis and splanchnic vein thrombosis [29] and reported a risk of 6% with 
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DOACs (n=47). Ischemic stroke occurred in none of the patients with atrial fibrillation, 

as reported in two studies (DOAC n=37, LMWH/VKA n=9) [29,31].  

Taken all studies together, major bleeding risk ranged from 4 to 15% for all 

DOAC recipients (n=172) and from 7 to 28% for all patients who received VKA or 

LMWH (n=67) during median/mean treatment durations of 6 to 9 months for DOACs 

and 6 to 16 months for VKAs or LMWHs. The different definitions for major bleeding 

used in the included studies are summarized in Table 5. All-cause mortality risk was 

6% with DOACs (n=36) as reported in one study [28].  

 

Discussion 

This systematic review summarizes clinical outcomes of DOAC therapy in cirrhosis 

patients with venous thromboembolism, splanchnic vein thrombosis, or atrial 

fibrillation. Despite the high incidence of these thrombotic disorders in cirrhosis 

patients, there is a paucity of data on the efficacy and safety of DOACs in this 

population. In the studies included, the rates of thrombotic and bleeding events were 

comparable between DOAC users and those receiving VKA or LMWH, suggesting 

that DOACs might be an attractive and feasible alternative in these patients.  

The present analysis was based only on small, retrospective cohort studies, 

which all were of fair quality based on the risk of bias assessment. Major bleeding 

was the only outcome reported in all studies. However, definitions for major bleeding 

were not homogeneous. The other outcomes, including recurrent venous 

thromboembolism, recurrent splanchnic vein thrombosis, clot progression, ischemic 

stroke, and mortality were poorly reported.  Differences in baseline characteristics, 

treatment durations, regimens, and indications precluded aggregating the data. The 

substantial between-study heterogeneity together with differences in outcome 
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definitions also limits the generalizability of our findings. Of note, 20 of 69 patients 

enrolled in the study by Kunk and colleagues [29] were also included in the study by 

Intagliata and colleagues [30], but results were not reported separately for this group.  

The potential effectiveness of direct oral anticoagulants in cirrhosis patients is 

reflected by the low rates of recurrent venous thromboembolism, recurrent splanchnic 

vein thrombosis, and ischemic stroke. The risk of clot progression of venous 

thromboembolism (8%) and splanchnic vein thrombosis (0 to 5%) was somewhat 

higher, but was comparable with that seen during treatment with VKAs or LMWHs. 

These results are in line with a previously published meta-analysis in which the risk of 

clot progression of portal vein thrombosis with VKAs or LMWHs was 9% [33]. In 

addition, the clinical importance of these events is less certain. Conversely, the risk of 

major bleeding was 4 to 15% with DOACs during a median/mean treatment duration 

of 6 to 9 months, which is significantly higher than that reported in the phase III 

DOAC trials [34]. However, the risk of major bleeding appeared to be even higher 

among patients receiving VKA or LMWH, with reported risks ranging between 7 to 

28% with treatment durations of 6 to 16 months. This suggests that DOACs may 

have a better safety profile in patients with cirrhosis, which is in accordance with a 

recent meta-analysis in which the risk of major bleeding in patients with acute venous 

thromboembolism was significantly lower with DOACs than with VKAs [34]. However, 

these findings need to be interpreted with caution, since none of the studies used 

matching procedures and, consequently, confounding by indication may have biased 

the comparison between the two drug classes. The absolute major bleeding risk 

found in this analysis was comparable to the bleeding risk observed in cirrhosis 

patients receiving VKA or LMWH in other studies [33,35].  
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The pharmacokinetic and pharmacodynamic profile of DOACs can be different 

in patients with cirrhosis than in those without cirrhosis [36,37], possibly due to 

decreased levels of plasma proteins, limited metabolization by the liver, and impaired 

bile excretion. As a consequence, all the large phase III trials evaluating the efficacy 

and safety of these agents excluded patients with severe liver disease, such as those 

with liver cirrhosis [19–26]. Therefore, DOAC therapy is currently not recommended 

in these patients by most clinical practice guidelines [18]. However, the recent 

guideline of the European Heart Rhythm Association for the use of DOACS in 

patients with atrial fibrillation indicates that DOACs are contraindicated in Child Pugh 

C cirrhosis, and suggests that dabigatran, apixaban, and edoxaban may be used with 

caution in cirrhosis patients with Child Pugh Class B [38]. When clinicians decide to 

give a DOAC to a cirrhosis patient, it is unknown whether any of the DOACs should 

be preferred, since each individual drug is associated with potential limitations.  

For example, Kubitza and colleagues reported that the area under the 

concentration-time curve (AUC) of a single dose of rivaroxaban 10 mg, which is half 

the recommended treatment maintenance dose, was increased in patients with 

cirrhosis (Child-Pugh class A and B) compared with healthy controls [39]. This may 

be due to the fact that rivaroxaban is mostly excreted by the liver in the bile, and is 

almost completely bound to plasma proteins [40].  

Similarly, the AUC after a single dose of 5 mg apixaban has been reported to 

be slightly elevated in patient with cirrhosis (Child-Pugh class A and B) compared 

with matched healthy controls [41], which may be due to great binding of apixaban to 

plasma proteins and the metabolization of apixaban by cytochrome P450 enzymes in 

the liver [42,43].  
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Surprisingly, despite its similar pharmacokinetics compared to apixaban and 

rivaroxaban [44], a single dose of edoxaban 15 mg, which is one-fourth of the 

recommended treatment dose, was shown to be associated with a lower AUC in 

patients with Child-Pugh class A or B liver cirrhosis compared with matched healthy 

controls [45]. Future studies are needed to confirm this unexpected finding.  

Dabigatran is predominantly excreted by the kidneys, and one-third of the drug 

is bound to plasma proteins [46,47]. One study reported that the AUC, coagulation 

parameters, renal clearance, and half-life of a single dose of 150 mg dabigatran 

etixilate were comparable between patients with Child-Pugh class B and healthy 

controls, suggesting that dabigatran may be given at a similar dose in patients with 

cirrhosis compared to those without cirrhosis [48]. 

What could be the clinical implications of the present findings for patients with 

cirrhosis who have an indication for anticoagulant therapy? Cirrhosis patients are 

most often treated with either LMWHs or VKAs, although both regimens are 

associated with clear disadvantages. Vitamin K antagonist are difficult to monitor in 

cirrhosis patients due to an increased international normalized ratio (INR) [49], while 

long-term daily subcutaneous injections with LMWH frequently lowers patient 

adherence. Another potential drawback of LMWHs is that antithrombin III deficiencies 

in cirrhosis patients may lead to a hampered effectiveness as demonstrated in a 

study in which factor Xa activity was negatively correlated with Child-Pugh class 

during two consecutive days of enoxaparin 40 mg od injections [50]. Over the past 

decade, the introduction of DOACs significantly simplified oral anticoagulant 

treatment regimen with a superior safety profile, obviating the need for daily injections 

and laboratory monitoring. Direct oral anticoagulants are now the recommended 

treatment of choice for both venous thromboembolism and atrial fibrillation [17,18]. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

  Page 14 of 35 

 
 

 

However, the present systematic review shows that data on these agents in patients 

with cirrhosis are scarce. Studies evaluating the pharmacodynamic and 

pharmacokinetic profile of DOACs in cirrhosis patients are needed to assess whether 

currently recommended treatment regimens also apply to patients with cirrhosis. 

Large prospective trials should evaluate the efficacy and safety of DOACs in cirrhosis 

patients with venous thromboembolism, splanchnic vein thrombosis, and atrial 

fibrillation as to date, these have not been performed.  

Interestingly, anticoagulants may prevent liver decompensation in patients with 

advanced cirrhosis as shown by Villa and colleagues who compared enoxaparin with 

no treatment in liver cirrhosis patients without thrombosis or atrial fibrillation [51]. A 

potential mechanism for this protective effect is that enoxaparin prevents formation of 

microthrombi in the intestinal circulation, therefore reducing ischemic damage of the 

intestinal wall and restricting the permeability of the gut mucosa, which reduces 

bacterial translocation, damage to the liver, and liver decompensation [52]. The 

ongoing CIRROXABAN trial [53] builds on these observations by evaluating the 

efficacy and safety of primary prophylaxis with rivaroxaban vs placebo in patients 

with Child Pugh class B and C cirrhosis. 

In conclusion, insufficient data are available to draw firm conclusions on the 

efficacy and safety of DOACs in patients with cirrhosis. The available retrospective 

studies suggest that DOACs may be efficient and safe for the treatment of venous 

thromboembolism, splanchnic vein thrombosis, and atrial fibrillation. However, 

prospective studies evaluating anticoagulant treatment regimens in patients with 

cirrhosis are now needed to confirm these findings. 
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Table 1 – Study characteristics of the included studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*only 18 patients w ith follow-up data, ** conference abstract.  

Abbreviations: DOAC: direct oral anticoagulant, LMWH: low -molecular-weight heparin, VKA: vitamin K antagonist.

Study Design Inclusion period 

Sample 

size, n 

Follow-up 

duration 

(months) 

De Gottardi et al.’16 [28] 

Retrospective 

cohort 
2014 & 2016 36* - 

Kunk et al.’16** [29] 

Retrospective 

cohort 
2012-2016 69 - 

Intagliata et al.’16 [30] 

Retrospective 

cohort 
2012-2015 39 - 

Hum et al.’17 [31] 

Retrospective 

cohort 
2012-2015 45 - 

Nagaoki et al. ’17 [32] 
Retrospective 

cohort 

2011-2016 50 6 
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Table 2 – Patient characteristics of the included studies 

 

*none of the studies included patients w ith pulmonary embolism, **only 18 patients w ith follow -up data. 

Abbreviations: AF: atrial f ibrillation, DOAC: direct oral anticoagulant, DVT: deep vein thrombosis, SVT: splanchnic vein 

thrombosis, VTE: venous thromboembolism.  

Study 

Type of 

anticoagulant 

treatment 

Age, years 

(median/mean) 

Male 

(%) 

Child Pugh 

Score  

(median/mean) 

Indication for anticoagulant 

treatment, n (%) 

VTE* SVT AF Other 

De Gottardi et 

al.’16 [28] 

DOAC 

(n=36)** 
65 21 (58) A 

4 

(10) 
27 (75) 

5 

(14) 
- 

Kunk et al.’16 

[29] 
DOAC (n=69) 73 53 (77) B 

DVT or SVT: 

47 (68) 

22 

(32) 
- 

Intagliata et 

al.’16 [30] 

DOAC (n=20) 57 10 (50) B 

4 

(20) 
12 (60) 

4 

(20) 
- 

LMWH/VKA 

(n=19) 
60 12 (63) B 

12 

(63) 
6 (32) 

1 

(5) 
- 

Hum et al.’17 

[31] 

DOAC (n=27) 61 18 (67) B 

12 

(44) 
4 (15) 

15 

(56) 
- 

LMWH/VKA 

(n=18) 
58 14 (78) B 

8 

(44) 
3 (17) 

9 

(50) 
1 (6) 

Nagaoki et al. 

’17 [32] 

DOAC (n=20) 69 13 (65) A - 20 (100) - - 

VKA (n=30) 67 17 (57) B - 30 (100) - - 
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Table 3 – Anticoagulant treatment regimens 

*edoxaban w as started after a 14-day danaparoid sodium lead-in of 2500 units i.v. per day , **30 mg od if: creatine clearance 

30-50 ml/min, body w eight ≤60 kg, or on concurrent treatment w ith a potent P-glycoprotein inhibitor, ***target INR w as guided by 

the Japanese standard [54]. 

Abbreviations: bid: tw ice daily, DOAC: direct oral anticoagulant, INR: international normalized ratio, LMWH: low -molecular-

w eight heparin, N/A: not applicable, od: once daily, VKA: vitamin K antagonist.  

Study 

Anticoagulant treatment regimen (median dose) 

DOAC LMWH/VKA 

Type, n (%) Dose 

Treatment 

duration, 

months 

(mean/median) 

Type, n 

(%) 
Dose 

Treatment 

duration, 

months 

(mean/median) 

De Gottardi 

et al.’16 

(n=36)* [28] 

Dabigatran: 2 (5) 
110 or 220 mg 

daily 

7 N/A N/A N/A 
Rivaroxaban: 30 (83) 15 mg daily 

Apixaban: 4 (11) 5 mg daily 

Kunk et 

al.’16 

(n=69) [29] 

Dabigatran: 7 (10) 

Unknow n 6 N/A N/A N/A Rivaroxaban: 25 (36) 

Apixaban: 37 (54) 

Intagliata et 

al. ’16 

(n=39) [30] 

Rivaroxaban: 9 (45) 10 or 20 mg od 

9 

LMWH: 6 

(32) 

1 mg/kg or 

40 mg bid 

16 

Apixaban: 11 (55) 2.5 or 5 mg bid 

VKA: 13 

(68) 

target INR 

unknow n 

Hum et 

al.’17 

(n=45) [31] 

Rivaroxaban: 17 (63) 

15 mg od, w ith 

or w ithout an 

initial 20 mg od  

dose 

7 

LMWH: 3 

(17) 

1 mg/kg bid or 

1.5 mg/kg od 

10 

Apixaban: 10 (37) 

5 mg bid, w ith or  

w ithout an initial 

10 mg bid dose 

VKA: 15 

(83) 

target INR 2-3 

or an INR 1 unit 

greater than at 

baseline 

Nagaoki et 

al. ’17** 

(n=50) [32] 

Edoxaban: 20 (100) 

60 mg od (20%), 

or 30 mg od *** 

(80%) 

6 
VKA: 30 

(100) 

w arfarin target 

INR of 1.5 - 

2.0*** 

6 
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Table 4 – Clinical outcomes 

 

* only 18 patients w ith follow-up data, ** VTE and SVT clot progression w as not reported separately in Kunk.  

Abbreviations: AF: atrial f ibrillation, LMWH: low -molecular-weight heparin, N/A: not applicable, SVT: splanchnic vein thrombosis, 

VKA: vitamin K antagonist, VTE: venous thromboembolism.  

Study 

Recurrent 

VTE in 

patients 

w ith VTE, 

n/N (%) 

VTE clot 

progression 

in patients 

w ith VTE, 

n/N (%) 

Recurrent 

SVT in 

patients 

w ith SVT, 

n/N (%) 

SVT clot 

progression 

in patients 

w ith SVT, 

n/N (%) 

Ischemic stroke 

in patients w ith 

atrial fibrillation, 

n/N (%) 

Major 

bleeding 

in all 

patients, 

n/N (%) 

All-cause 

mortality 

in all 

patients, 

n/N (%) 

De Gottardi 

et al.’16  

[28] 

DOAC 

(n=36)* 
- - 1/27 (4) - - 1/36 (6) 1/36 (6) 

Kunk et 

al.’16  [29] 

DOAC 

(n=69) 
- 3/47 (6)** - 3/47 (6)** 0/22 (0) 8/69 (12) - 

Intagliata 

et al.’16  

[30] 

DOAC 

(n=20) 
- - - - - 1/20 (5) - 

LMWH/

VKA 

(n=19) 

- - - - - 2/19 (11) - 

Hum et 

al.’17  [31] 

DOAC 

(n=27) 
0/12 (0) 1/12 (8) 0/4 (0) 0/4 (0) 0/15 (0) 1/27 (4) - 

LMWH/

VKA 

(n=18) 

0/8 (0) 1/8 (13) 0/3 (0) 0/3 (0) 0/9 (0) 5/18 (28) - 

Nagaoki et 

al.’17 [32] 

DOAC 

(n=20) 
- - - 1/20 (5) N/A 3/20 (15) - 

LMWH/

VKA 

(n=30) 

- - - 14/30 (47) N/A 2/30 (7) - 
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Table 5 – Major bleeding event definitions of the included studies 

Intagliata et al. 

’16 (n=36) [30] 

Hum et al. ’17 

(n=45) [31] 

International Society on Thrombosis and Haemostasis criteria 

for major bleeding [55] 

 Fatal bleeding 

 Symptomatic bleeding in a critical area or organ 

 Bleeding causing a fall in haemoglobin level of 20 g/L 

(1.24 mmol/L) or more 

 Bleeding leading to transfusion of two or more units of 

whole blood or red cells. 

Gottardi et al. 

’16 (n=36) [28] 

 Fatal bleeding 

 Need for hospitalization 

 Intracranial or retroperitoneal bleeding location 

 Bleeding leading to transfusion of two or more units of 

packed red blood cells 

Kunk et al. ’16 

(n=69) [29] 

Nagaoki et al. 

’17 (n=50) [32] 

 Common terminology criteria for adverse events [56], 

version 4.0, grade 3 or higher 
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Figure - Flowchart study selection 

 

 

 

  

Records identified through 

database searching 

(n=3,502) 

Records excluded 

based on titles and 

abstracts 

(n=2,778) 

Additional records identified 

through other sources 

(n=2) 

Records after duplicates removed 

(n=2,927) 

 Full-text articles 

assessed for eligibility 

(n=148) 

Full-text articles found 

eligible (n=5) 

Reasons for exclusion full-text 

articles 

1. No original data (n=28) 

2. Not reporting on DOACs 

(n=73) 

3. Full text or conference 

abstract not available (n=2) 

4. Sample size <10 (n=4) 

5. Not concerning patients 

with cirrhosis (n=11) 

6. Not reporting on 

prespecified outcomes (n=5) 

7. Duplicates (n=18) 

8. Other (n=1) 
Studies included in qualitative synthesis 

(n=5) 
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Appendix A - Search strategy (PubMed) 

#1 "Liver Cirrhosis"[Mesh] OR liver fibros*[tiab] OR hepatic fibros*[tiab] OR 

cirrhos*[tiab] OR cirrhot*[tiab] OR liver impairment[tiab] OR hepatic 

impairment[tiab] OR liver injury[tiab] OR liver disease*[tiab] OR hepatic 

failure[tiab] OR liver failure[tiab] 

 

#2 "Embolism and Thrombosis"[Mesh] OR venous thrombos*[tiab] OR venous 

thrombus[tiab] OR Vein thrombus[tiab] OR Vein thrombos*[tiab] OR venous 

thromboembolic event*[tiab] OR Pulmonary emboli*[tiab] OR Lung 

emboli*[tiab] OR Thrombos*[tiab] OR thromboemboli*[tiab] OR Splanchnic 

thrombos*[tiab] OR Splanchnic thrombus*[tiab] OR (vena porta*[tiab] AND 

(thrombos*[tiab] OR thrombus[tiab] OR thromboemboli*[tiab])) OR Budd-Chiari 

Syndrome[Mesh] OR budd-chiari[tiab] OR budd chiari[tiab] OR "Atrial 

Fibrillation"[Mesh] OR Atrial fibrillation*[tiab] OR auricular fibrillation*[tiab] OR 

"Atrial Flutter"[Mesh] OR Atrial flutter*[tiab] OR auricular flutter*[tiab]  

 

#3 "Heparin"[Mesh] OR Heparin*[tiab] OR "Heparin, Low-Molecular-

Weight"[Mesh] OR Low-molecular-weight-heparin[tiab] OR LMWH[tiab] OR 

nadroparin[tiab] OR enoxaparin[tiab] OR dalteparin[tiab] OR ardeparin[tiab] 

OR tinzaparin[tiab] OR reviparin[tiab] OR danaparoid[tiab] OR 

fondaparinux[tiab]  

#4 Anticoagulants[Mesh] OR "Coumarins"[Mesh] OR Coumarins[tiab] OR 

VKA[tiab] OR vitamin k antagonist*[tiab] OR coumarin*[tiab] OR warfarin*[tiab] 

OR acenocoumarol*[tiab] OR phenprocoumon[tiab] OR dicumarol[tiab] OR 

ethyl biscoumacetate[tiab] 
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#5 "Antithrombins"[Mesh] OR Antithrombin*[tiab] OR thrombin inhibitor*[tiab] 

#6 Dabigatran[tiab] OR Pradaxa[tiab] OR Rendix[tiab] OR Apixaban[tiab] OR 

etexilate[tiab] OR Rivaroxaban[tiab] OR Xarelto[tiab] OR ximelagatran[tiab] 

OR eliquis[tiab] OR lixiana[tiab] OR edoxaban[tiab] OR betrixaban[tiab] OR 

DOAC*[tiab] OR NOAC*[tiab] OR factor Xa inhibitor*[tiab] OR FXa 

inhibitor*[tiab] OR ((direct[tiab] OR new[tiab] OR novel[tiab] OR target-

specific[tiab] OR non-vitamin K antagonis*[tiab]) AND oral 

anticoagulant*[tiab])) 

 

#7 #1 AND #2 

 

#8  #3 OR #4 OR #5 OR #6 

 

#9 #7 AND #8 
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Appendix B – Search strategy (Embase) 

#1 exp Liver Cirrhosis/ OR liver fibros*.ti,ab OR hepatic fibros*.ti,ab OR 

cirrhos*.ti,ab OR cirrhot*.ti,ab OR liver impairment.ti,ab OR hepatic 

impairment.ti,ab OR liver injury.ti,ab OR liver disease*.ti,ab OR hepatic 

failure.ti,ab OR liver failure.ti,ab  

 

#2 exp embolism/ OR exp thromboembolism/ OR venous thrombos*.ti,ab OR 

venous thrombus.ti,ab OR Vein thrombus.ti,ab OR Vein thrombos*.ti,ab OR 

venous thromboembolic event*.ti,ab OR Pulmonary emboli*.ti,ab OR Lung 

emboli*.ti,ab OR Thrombos*.ti,ab OR thromboemboli*.ti,ab OR Splanchnic 

thrombos*.ti,ab OR Splanchnic thrombus*.ti,ab OR (vena porta*.ti,ab AND 

(thrombos*.ti,ab OR thrombus.ti,ab OR thromboemboli*.ti,ab)) OR exp Budd 

chiari syndrome/ OR budd-chiari.ti,ab OR budd chiari.ti,ab OR exp atrial 

fibrillation/ OR Atrial fibrillation*.ti,ab OR auricular fibrillation*.ti,ab OR exp 

heart atrium flutter/ OR Atrial flutter*.ti,ab OR auricular flutter*.ti,ab 

 

#3 Heparin*.ti,ab OR Low-molecular-weight-heparin.ti,ab OR LMWH.ti,ab OR 

nadroparin.ti,ab OR enoxaparin.ti,ab OR dalteparin.ti,ab OR ardeparin.ti,ab 

OR tinzaparin.ti,ab OR reviparin.ti,ab OR danaparoid.ti,ab OR 

fondaparinux.ti,ab 

#4 exp anticoagulant agent/ OR Coumarin*.ti,ab OR VKA.ti,ab OR vitamin k 

antagonist*.ti,ab OR coumarin*.ti,ab OR warfarin*.ti,ab OR 

acenocoumarol*.ti,ab OR phenprocoumon.ti,ab OR dicumarol.ti,ab OR ethyl 

biscoumacetate.ti,ab 

#5 exp thrombin inhibitor/ OR thrombin inhibitor*.ti,ab OR Antithrombin*.ti,ab 
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#6 Dabigatran.ti,ab OR Pradaxa.ti,ab OR Rendix.ti,ab OR Apixaban.ti,ab OR 

etexilate.ti,ab OR Rivaroxaban.ti,ab OR Xarelto.ti,ab OR ximelagatran.ti,ab 

OR eliquis.ti,ab OR lixiana.ti,ab OR edoxaban.ti,ab OR betrixaban.ti,ab OR 

DOAC*.ti,ab OR NOAC*.ti,ab OR factor Xa inhibitor*.ti,ab OR FXa 

inhibitor*.ti,ab OR direct oral anticoagulant*.ti,ab OR new oral anti-

coagulant*.ti,ab OR novel oral anticoagulant*.ti,ab 

 

#7 #1 AND #2 

 

#8 #3 OR #4 OR #5 OR #6 

 

#9 #7 AND #8 
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Highlights - Direct oral anticoagulants in patients with liver cirrhosis: a 
systematic review 

 

 Anticoagulant treatment in cirrhosis patients is challenging  

 The evidence on direct oral anticoagulant therapy in cirrhosis patients is 

limited 

 Direct oral anticoagulants treatment may be effective and safe in cirrhosis 
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