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Introduction: Factor XI (FXI) is associated with thrombosis in patients without liver disease, but it alter- 

ations and prognostic value in cirrhosis are uncertain. 

Patients and methods: We studied a prospective cohort of cirrhosis patients determining FXI and its as- 

sociation with portal vein thrombosis (PVT), bleeding, and hepatic decompensation/ACLF during 1-year 

follow-up. Odds ratios (OR) and 95 % CIs were calculated using logistic regression. 

Results: We included 183 patients (Child-Pugh [CP] A/B/C 57/59/57). FXI was reduced in cirrhosis, de- 

creasing with CP stage (78 % [66–94] vs. 58 % [44–78] vs. 41 % [30–52] in CP A, B, and C, respectively; 

p < 0.001). FXI was correlated with MELD score (rho: -0.6, p < 0.001), INR (rho: -0.6, p < 0.001), and 

platelet count (rho: 0.4, p < 0.001). Sixteen patients (8.7 %) experienced PVT, which only predictor was 

baseline platelet count (OR: 0.94; CI95 %: 0.91–0.97, p < 0.001). Bleeding occurred in 7 patients (3.8 %). 

Cirrhosis severity, platelet count, fibrinogen, and FXI (60% vs. 78 %; p = 0.2) were comparable between 

bleeding and non-bleeding individuals. Finally, no association was found between FXI and hepatic de- 

compensation/ACLF, which were predicted by lower albumin and platelet count, respectively. 

Conclusion: FXI seems not to be responsible for thrombosis and cirrhosis progression. The lack of asso- 

ciation between low FXI and bleeding events, however, indirectly opens to future studies evaluating FXI 

inhibitors in cirrhosis. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Factor XI (FXI) is a homodimeric zymogen that is converted to a 

rotease with 1 (1/2-fXIa) or 2 (FXIa) active subunits by factor XIIa 

r thrombin [1] . FXIa acts in the early phase of the intrinsic coag-

lation pathway (i.e., “contact phase”), contributing to hemostasis 

ainly through the activation of factor IX [2] . Current theory pos- 

ulates that FXI has only a secondary role in initiating the coagu- 

ation cascade, whereas its contribution to coagulation propagation 

nd thrombosis appears to be greater [3] . 

In patients without liver disease, high levels of FXI are associ- 

ted with an increased risk of venous [4-6] and arterial [7] throm- 
✩ Trial registration number: NA 
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osis. Moreover, in patients with atrial fibrillation and history of 

schemic stroke, elevated FXI appears to predict, respectively, the 

isk of cardiovascular death [8] and all-cause mortality [9] . 

The role of FXI in patients with cirrhosis is not as clear. FXI 

s synthetized mostly by the hepatocytes [10] and its plasmatic 

evel is reduced in chronic liver disease [11] . However, Turon et al. 

ecently demonstrated that severity of portal hypertension, and 

ot coagulopathy, predicted development of portal vein thrombo- 

is (PVT) in cirrhosis [12] . Alterations of factor VIII/protein C ratio, 

hich reflects cirrhosis severity and systemic inflammation, have 

een independently linked to hepatic decompensation and death 

13] , whereas a potential role of FXI in this setting has not been 

nvestigated yet. 

Recently, there has been a growing interest towards the devel- 

pment of drugs targeting FXI or FXIa, which may be associated 

ith a safer profile than low-molecular weight heparin and direct- 

cting anticoagulants (DOACs) [3] . This could be important in clin- 
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Table 1 

Baseline characteristics in patients with cirrhosis. 

Patients with cirrhosis 

( n = 183) 

Age, years 62 (55–70) 

Male sex,% 71 

Etiology of cirrhosis,% 

Alcohol 

HCV/HBV ±HDV 

Metabolic 

Alcohol + metabolic 

Alcohol + HCV 

48 

29 

13 

6 

4 

Child-Pugh class A/B/C,% 31/38/31 

MELD score 13 (9–10) 

Infection ̂ ,% 42 

Acute kidney injury ̂ ,% 21 

Hemoglobin, g/dL 11 (9–13) 

Platelet count, 109 /L 92 (64–129) 

Thrombocytopenia, (%) 85 

Total bilirubin, mg/dL 2 (1.1–4.9) 

INR 1.4 (1.2–1.6) 

Creatinine, mg/dL 0.8 (0.7–0.9) 

Albumin, g/dL 31 (28–36) 

Na, mmol/L 136 (133–138) 

Median values reported with 25th and 75th percentile values in parenthesis. 

Abbreviations: NASH: non-alcoholic steatohepatitis; MELD: Model for End-Stage 

Liver Disease. 

^ In-hospital patients. 
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cal settings, such as cirrhosis, wherein administration of DOACs 

ay be contraindicated due to severity of liver and/or kidney fail- 

re and bleeding tendency [14 , 15] . 

A better understanding of FXI in cirrhosis may therefore im- 

rove hemostatic management and eventually led to new thera- 

eutic targets [16 , 17] . The goal of our study was to investigate al-

erations of FXI in cirrhosis and evaluate whether such alterations 

ould predict development of thrombo-hemorrhagic complications 

nd hepatic decompensation during 1-year follow-up. 

. Material and methods 

.1. Patients selection and study design 

Between July 1, 2020, and September 30, 2021, patients with 

irrhosis admitted to the Gastroenterology inpatient services or 

valuated at our liver clinics in Padova University Hospital were 

ecruited in 3 independent cohort studies evaluating coagulopathy 

f cirrhosis and its clinical implications (HIC protocol #0034435- 

8/06/20) [18-20] . These studies required baseline testing and 1- 

ear prospective follow-up. All studies were conducted in compli- 

nce with the Declaration of Helsinki. All patients signed consent 

o participate. 

Per original study protocols, diagnosis of cirrhosis was con- 

rmed using available data including histology, radiology, labora- 

ory, and clinical assessment. Compensated cirrhosis was defined 

y the absence of any present and past complications of cirrhosis. 

ecompensated cirrhosis was defined by the presence or history of 

linically evident decompensating event: ascites grade ≥2 at time of 

ecruitment; history of variceal hemorrhage; hepatic encephalopa- 

hy (either at recruitment or in the past medical history). 

Patients with presence or history of PVT/venous thromboem- 

olism, chronic kidney disease or other thrombophilic condition, 

hose on anticoagulation or anti-platelet therapy, and patients who 

eceived recent transfusions of any blood product were not eligible 

or recruitment. Patients receiving anticoagulant prophylaxis were 

ligible for recruitment. For this retrospective analysis, only pa- 

ients with availability of FXI were considered. Furthermore, since 

epatocellular carcinoma (HCC) may influence coagulation and risk 

f PVT [21] , those with HCC were excluded. 

At recruitment, blood samples (see below) and clinical data 

ere collected from all patients. Data collected from the medical 

ecords included patient demographics, etiology of cirrhosis, Model 

or End-Stage Liver Disease (MELD) score, Child-Pugh stage, and 

aboratory results. 

Patients with cirrhosis were prospectively followed for 1-year 

or the following outcomes: development of PVT, bleeding unre- 

ated to portal hypertension, hepatic decompensation (in compen- 

ated patients), further decompensation/acute-on-chronic liver fail- 

re (ACLF) (in decompensated patients) [22] . Bleeding unrelated to 

ortal hypertension was further subclassified in procedure-related 

nd spontaneous. Severity of bleeding was defined according to the 

nternational Society of Thrombosis and Hemostasis guidelines for 

on-surgical patients [23] . 

.3. Blood sampling and coagulation assessment 

At inclusion, peripheral blood was collected through venipunc- 

ure in citrate-containing vacutainer tubes with 0.109 M (3.2 %) 

odium citrate (9:1 blood to anticoagulant ratio). The first few 

illiliters were discarded. Platelet-poor plasma was prepared 

ithin 1 hour by double centrifugation (2 × 10 min at 1500 g) at 

oom temperature. Aliquots (1 mL) were immediately frozen and 

hen stored at −80 °C until use. 

The following procoagulant factors and inhibitors were de- 

ermined: fibrinogen (n.v. 150–450 mg/dL), factor VIII (FVIII, n.v. 
2112
0 %−160 %), factor IX (FIX, n.v. 80 %−120 %), factor XI (FXI, n.v. 

0 %−120 %), protein C coagulometric (PC coag, n.v. 80 %−120 %), 

nd antithrombin (AT, n.v. 80 %−120 %), as previously described 

20] . Thrombin-antithrombin complexes were included as marker 

or coagulation activation [24] . 

Since previous data show a correlation between FXI and 

hrombin-activatable fibrinolysis inhibitor (TAFI) in patients with- 

ut liver disease [25] , we included determination of TAFI a/ai 

i.e., the total amount of TAFI that has been activated). TAFIa/ai 

as determined via an enzyme-linked immunosorbent assays (As- 

erachrom, Diagnostica Stago, Asnieres sur Seine, France; normal 

alue: 8.5–22.1 ng/mL). All coagulation tests were performed at the 

oagulation Lab of the Thrombotic and Hemorrhagic Diseases Unit 

f Padova University Hospital by expert personnel blinded to clini- 

al characteristics. 

.4. Data analysis 

Qualitative data are described using frequency and percent- 

ge. Quantitative data are described using median with 25 % and 

5 % quartile ranges. Comparisons between independent groups 

ere performed using the Mann Whitney U test for continuous 

ariables, and Chi-square test or Fisher’s exact test for categori- 

al variables. For comparison in three or more groups, Kruskal- 

allis test was computed. Logistic regression analyses were per- 

ormed to evaluate parameters significantly associated with de- 

elopment of liver-related events. Odds ratios with 95 % confi- 

ence intervals were calculated. IBM SPSS version 26 (IBM, Ar- 

onk, NY) and GraphPad Prism 8 (GraphPad Software, La Jolla, CA, 

SA) were used for statistical analysis. Statistical significance was 

et at p ≤ 0.05. 

. Results 

.1. Baseline characteristics 

We included 183 patients with cirrhosis (71 % male, median age 

2 years) ( Table 1 ). At baseline, 136 patients (74 %) had decom- 

ensated cirrhosis. Ascites was the most common reason for de- 

ompensation (79 %), followed by hepatic encephalopathy (13 %), 
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Fig. 1. Level of FXI in cirrhosis is lower than normal and decreases significantly 

with cirrhosis severity. Legend: the grey area refers to the reference range in 

healthy subjects. Median levels of FXI were 78 % [66–94] vs. 58 % [44–78] vs. 41 % 

[30–52] in Child-Pugh stage A, B, C, respectively. 
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nd history of variceal hemorrhage (8 %). Alcohol and chronic vi- 

al infections were the most common etiologies of cirrhosis (48 % 

nd 29 %, respectively). Median MELD score was 13 [9-19] ; 31 % of

atients were Child-Pugh A, 38 % Child-Pugh B, and 31 % Child- 

ugh C. Of 183 patients, 96 (52.5 %%) were recruited as inpa- 

ients. The most common reasons for hospitalization were ascites 

r oedema (28 %), abdominal pain or suspected infection (22 %), 

epatic encephalopathy (18 %), and acute kidney injury (11 %). The 

edian time from admission to patient recruitment was 1 day 

range: 1–3). 

.2. Levels of FXI were significantly reduced in cirrhosis, decreasing 

ith severity of liver dysfunction 

FXI was significantly reduced in cirrhosis (59 % [41–79]), de- 

reasing progressively with disease severity as assessed by Child- 

ugh stage ( Fig. 1 ). FXI was correlated with MELD score (rho: 

0.6, p < 0.001), markers of liver synthetic function (rho: 0.4, 

 < 0.001 and rho: −0.6, p < 0.001 for albumin and INR, respec- 

ively) and portal hypertension (rho: 0.4, p < 0.001 for platelet 

ount), whereas it was not correlated with C-reactive protein 

nd thrombin-antithrombin complexes ( Fig. 2 ). No difference was 

ound between patients receiving thromboprophylaxis ( n = 20, 

1 %) and those who did not: 59 % [41–79] vs. 63 % [42–79], re-

pectively ( p = 0.9). 

Fibrinogen plasmatic level was 235 mg/dL (152–323). Fibrino- 

en was mostly normal in Child-Pugh stage A cirrhosis (267 mg/dL 

248–356]), whereas it was significantly reduced in Child-Pugh B 

nd C patients (233 mg/dL [169–342] and 138 mg/dL [110–229], re- 

pectively). FVIII was higher (197 % [158–243]) and FIX (73 % [51–

4]) - protein C/antithrombin were lower (41 % [23–68] and 54 % 

33–78]), respectively, in cirrhosis than healthy subjects. FVIII in- 

reased (165 % [135–202] vs. 208 % [161–270] vs. 225 % [170–267]) 

nd FIX (90 % [81–104] vs. 68 % [56–98] vs. 49 % [37–70])/protein 

 (82 % [55–110] vs. 38 % [27–55] vs. 19 % [12–30]) decreased, re-

pectively, from Child-Pugh stage A to C. 

Median level of TAFIa/ai was 22.8 ng/mL (17.3–31), increasing 

ignificantly from Child-Pugh A to C stage (19.6 [16.5–24.01] vs. 23 

17.9–30.0] vs. 26 [21–33], respectively; p < 0.001). FXI was not 

orrelated with TAFIa/ai (rho: 0.1; p = 0.5) ( Fig. 2 ). 

Median ETP with and without TM were 941 nmol/L∗min [796–

090] and 769 nmol/L∗min [612–933], respectively. FXI was signif- 
2113
cantly correlated with the ETO without TM (rho: 0.3, p < 0.001), 

hereas it was not correlated with the ETP with TM (rho: −0.1, 

 = 0.07). 

.3. Baseline coagulopathy, including reduced level of FXI, did not 

redict development of PVT and bleeding events during 1-year 

ollow-up 

During a median follow-up of 179 days (rage: 92–263), 16 pa- 

ients experienced PVT (8.7 %), which was complete in 11 patients, 

artial in 5 patients, and extended to the splenic or mesenteric 

eins in 4 patients. Table 2 shows the differences between pa- 

ients who experienced PVT and those who did not. Patients with 

VT were those with a more severe liver dysfunction/portal hy- 

ertension as reflected by a higher MELD score/Child-Pugh stage 

nd lower platelet count/anticoagulant factors, respectively. No- 

ably, FXI was significantly lower in patients who developed PVT 

44% vs. 62 % in those who did not; p = 0.01). Level of FXI was

omparable in patients with complete ( n = 7) vs. partial ( n = 9)

VT (44 % [35–54] vs. 38 % [25–73], respectively; p = 0.7). 

Univariate analysis showed that MELD score, Child-Pugh stage, 

latelet count and FXI were associated with PVT. However, in two- 

ariables at time models, only platelet count remained associated 

ith development of thrombosis ( Table 3 ). 

Bleeding events unrelated to portal hypertension were ob- 

erved in 7 (3.8 %) patients: 3 procedure-related (1 post- 

aracentesis hemoperitoneum after ultrasound-guided paracente- 

is; 2 hematomas after central line placement) and 4 spontaneous 

1 subdural hematoma, 2 abdominal wall hematomas, 1 acute 

emorrhagic gastritis). Bleeding was major in 6 patients and clin- 

cally relevant no major in 1 patient. Median time from blood 

rawn to development of bleeding was 78 days (range: 23–210). 

everity of liver disease, platelet count, fibrinogen, and coagulation 

actors were comparable between patients who experienced bleed- 

ng and those who did not (Supporting Table 1 ). Levels of FXI and

 platelet count < 50 ×109 /L were not associated with development 

f bleeding ( Fig. 3 ). 

.4. Baseline level of FXI was not associated with development of 

epatic decompensation, further decompensation, and ACLF 

Among compensated patients ( n = 47/183, 25.7 %), 4 (8.5 %) 

xperienced the 1st event of decompensation (2 ascites, 1 hepatic 

ncephalopathy, 1 variceal bleeding). Median time from recruit- 

ent to decompensation was 202 days (range: 141–298). MELD 

core (12 [10–16] vs. 8 [7–12]; p = 0.08) and platelet count 

104 ×109 /L [48–124] vs. 120 ×109 /L [68–170]; p = 0.3) were both 

ndicative of a relatively more advanced diseases in the 4 patients 

ho experienced decompensation vs. the 43 who did not though 

he differences were not significant. Albumin levels was signifi- 

antly reduced in patients who progressed towards decompensa- 

ion: 32 g/dL [27-32] vs 38 g/dL [32-42] , p = 0.03. Levels of FXI

ere comparable between groups (60 % [28–78] vs. 78 % [64–96], 

 = 0.2). 

Among decompensated patients ( n = 136/183, 74.3 %), 54 

39.7 %) experienced further decompensation/ACLF. These patients 

ad higher MELD score, were more likely Child-Pugh C, and had 

ower fibrinogen and platelet count (Supporting Table 2 ). Level of 

XI was comparable between groups. Univariate analysis showed 

hat MELD score (OR: 2.2; CI95 % 1.08–4.36; p = 0.03), Child-Pugh 

 vs. A/B (OR: 2.1; CI95 % 1.03–4.19; p = 0.04), and platelet count 

OR: 11.7; CI95 % 4.85–28.26; p < 0.001) – but not FXI – were 

ssociated with further decompensation and ACLF. A multivariate 

odel including MELD score and platelet count showed that a 

latelet count < 90 ×109 /L was the only independent predictor of 

utcome (OR: 11.23, 95 %CI: 4.62–27.30; p = 0.001). 
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Fig. 2. Correlations between FXI and different markers of cirrhosis severity/coagulation. 

Abbreviations: MELD: Model for End Stage Liver Disease; TAFI a/ai: activated inactivated thrombin-activatable fibrinolysis inhibitor. 

Table 2 

Comparison between baseline characteristics in patients experienced PVT during follow-up vs. those who did not. 

PVT 

( n = 16) 

No PVT 

( n = 167) 

P value 

Age, years 62 (55–69) 63 (59–73) 0.3 

MELD score 20 (14–26) 12 (9–18) < 0.001 

Child-Pugh stage C vs. A/B,% 56 29 0.02 

Creatinine, mg/dL 0.9 (0.7–1.8) 0.8 (0.7–0.9) 0.1 

Albumin, g/dL 32 (28–34) 31 (28–36) 0.8 

Bilirubin, mg/dL 2.7 (2.1–6.1) 2.1 (1.1–4.8) 0.1 

Platelet count, x109 /L 47 (32–64) 98 (67–134) < 0.001 

INR 1.7 (1.3–2.1) 1.3 (1.2–1.6) 0.04 

Fibrinogen, mg/dL 163 (110–259) 242 (163–326) 0.04 

Factor XI,% 44 (32–57) 62 (42–81) 0.01 

Factor VIII,% 192 (163–268) 197 (155–242) 0.6 

Protein C,% 18 (0–36) 45 (24–69) 0.002 

Antithrombin,% 30 (21–46) 55 (35–79) 0.008 

Factor IX,% 60 (37–82) 74 (53–95) 0.01 

Thrombin-antithrombin complex, ng/L 2.6 (2.3–5.4) 2.8 (2.2–3.8) 0.6 

Median values reported with 25th and 75th percentile values in parenthesis. Legend: MELD: Model for End Stage Liver Disease. 
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iscussion 

Factor XI is a serine protease produced by the hepatocytes, 

hich contributes to hemostasis mainly through thrombin gener- 

tion [2] . In patients without liver disease, elevated FXI has been 

ssociated with thrombosis and mortality [6] , whereas its potential 

ontributions to hemostasis and thrombosis in cirrhosis are poorly 

nderstood. 

Considering the upcoming approval of a new class of anti- 

hrombotic drugs inhibiting FXI and FXIa [3] , we analyzed al- 

erations of FXI in a prospectively characterized cohort of pa- 

ients with cirrhosis, evaluating associations with development 

f PVT, bleeding complications, and progression of chronic liver 

isease. 
2114
We found that patients with cirrhosis had a significant reduc- 

ion in the circulating level of FXI. In the only previous study that 

ooked at FXI in chronic liver disease, Walker et al. found a lower 

evel of FXI in patients vs. healthy controls. However, only 39 unse- 

ected individuals were included, with no clear description of pop- 

lation characteristics nor analysis according to cirrhosis severity. 

n our cohort, we found that FXI significantly decreased in parallel 

ith Child-Pugh stage (i.e., lower in decompensated vs. compen- 

ated patients), and was strongly correlated with multiple markers 

eflecting liver dysfunction/portal hypertension. 

We [24 , 26] and others [13] previously showed that acute phase 

eaction and systemic inflammation lead to increased FVIII, re- 

uced PC, and coagulation activation in cirrhosis. In patients with- 

ut liver disease, endothelial injury/oxidative stress and higher lev- 
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Table 3 

Parameters associated with PVT at univariate and multivariate analyses. 

Univariate 

Variable OR 

95 % CI 

P value 

MELD score (median) 

≤ 13 

> 13 

- 

3.93 (1.21–12.69) 

0.02 

Child-Pugh stage 

A/B 

C 

- 

3.18 (1.12–9.04) 

0.03 

Platelet count, x109 /L ̂ 0.94 (0.91–0.97) < 0.001 

Factor XI,% (median) 

≤ 59 

> 59 

- 

0.21 (0.06–0.75) 

0.02 

Fibrinogen, mg/dL (median) 

≤ 235 

> 236 

- 

0.42 (0.14–1.28) 

0.1 

Multivariate 

MELD score (median) 2.42 (0.66–8.76) 0.2 

Factor XI 0.32 (0.08–1.32) 0.1 

Child-Pugh stage 1.93 (0.62–5.99) 0.2 

Factor XI 0.27 (0.07–1.09) 0.7 

Platelet count 0.94 (0.91–0.97) < 0.001 

Factor XI 0.43 (0.10–1.76) 0.2 

Legend: MELD: model for end-stage liver disease; OR: odds ratio; CI: confidence in- 

terval. ̂  As continuous variable (analysis with median could not be performed since 

all patients with PVT had a platelet count below median value). 

Fig. 3. Baseline level of FXI in patients who experienced bleeding complica- 

tions during 1-year follow-up. Legend. In red are patients with a platelet count 

< 50 ×109 /L. 
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ls of TAFI have been associated with increased level/activation 

f FXI [8 , 25 , 27] . In this cohort, however, FXI was not correlated

ith C-reactive protein, thrombin-antithrombin complexes, and 

AFI a/ai, thus suggesting that liver synthetic dysfunction is the 

ain determinant of FXI in cirrhosis. 

Patients with cirrhosis, particularly those who decompensated, 

re at risk of portal vein thrombosis [28] . In a prospective study in-

estigating predictors of PVT in mostly compensated patients (i.e. 

hose with less severe coagulopathy and lower risk of thrombo- 

is), FXI levels were significantly lower in patients who experi- 

nced PVT during follow-up [12] . However, when the analysis was 

djusted by clinical factors and portal blood flow velocity, lower 

XI was not associated with PVT. We confirmed these results in a 

ore diverse population including both compensated and decom- 

ensated patients. In fact, we found that platelet count, which re- 

ects severity of portal hypertension, was the only independent 

redictor of PVT, indicating that FXI alterations are most likely a 

onsequence of chronic liver dysfunction than a factor responsible 

or PVT. 

It should be highlighted, however, that we assessed periph- 

ral levels of FXI, whereas growing evidence indicates that portal 
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lood milieu may have site-specific, prothrombotic alterations of 

ndothelial cells [29] and coagulation [30 , 31] . Future studies com- 

aring alterations of FXI and intrinsic coagulation pathway in por- 

al vs. peripheral blood could further clarify whether FXI and in- 

rinsic coagulation pathway may be implicated in development of 

VT in cirrhosis with portal hypertension. 

Recent international guidelines state that coagulation impair- 

ent, as assessed by conventional coagulation tests, does not ac- 

urately predict bleeding risk in cirrhosis and should not be used 

o guide pre-procedural prophylaxis [32-34] . Indeed, we found that 

aseline coagulopathy, low platelet count or severe thrombocy- 

openia, and increased INR were not predictive of bleeding com- 

lications during follow-up. This further confirms, in patients with 

irrhosis, that thrombocytopenia alone does not predict bleeding 

isk and should not dictate whether a procedure can be safely per- 

ormed or if blood product prophylaxis is indicated [35] . More- 

ver, it indirectly highlights the complexity of cirrhosis coagulopa- 

hy and the need for more comprehensive hemostatic tests, such 

s TEG or ROTEM, that should be combined with disease severity 

nd associated complications for a more comprehensive and indi- 

idualized prediction of bleeding risk [36] . 

There is strong need for a better risk stratification in cirrho- 

is. Blood microvesicles are nano-sized vesicles released by many 

ell types [37] . In cirrhosis, circulating microvesicles act as pro- 

nflammatory and pro-coagulant mediators [38] , and have been 

roposed as prognostic biomarkers [39] . However, whether mi- 

rovesicles are truly useful for thrombo-hemorrhagic risk stratifi- 

ation in cirrhosis remains unclear. 

To our knowledge, this is the first study evaluating the associa- 

ion between FXI and bleeding unrelated to portal hypertension in 

 consecutive cohort of patients with cirrhosis. Notably, the lack of 

ssociation between reduced FXI - with or without severe throm- 

ocytopenia - and bleeding complications indirectly opens to fu- 

ure studies evaluating FXI inhibitors to prevent or treat thrombo- 

is in high-risk patients with cirrhosis [3] . However, larger studies 

re required to confirm our preliminary results. 

In patients without liver disease, oxidative stress and inflam- 

atory responses driven by acute precipitants are associated with 

ctivation of coagulation [40] and elevated FXI [25] . In animal 

odels, this may be responsible for micro-thrombosis, ischemic- 

eperfusion injury, and development of SIRS/multiorgan failures 

40] . Villa et al. showed that anticoagulant therapy with low 

olecular wight heparin reduced the incidence of PVT and im- 

roved survival in Child-Pugh B/C patients [41] . More recently, a 

CT showed that rivaroxaban (i.e., an anticoagulant drug that in- 

ibits thrombin generation by blocking Xa activity and could pre- 

ent hepatic stellate cells activation) might improve portal hyper- 

ension complications free survival in Child-Pugh B7 cirrhosis [42] . 

hus, understanding whether FXI is associated with progression 

f cirrhosis might not only improve prognostic stratification (i.e. 

dentification of candidates for a quick evaluation for liver trans- 

lantation and/or disease-modifying therapies currently under in- 

estigation) [43] , but also suggest new therapeutic hypotheses for 

he new FXI inhibitors. However, levels of FXI were comparable 

etween patients who progressed towards hepatic decompensa- 

ion and further decompensation/ACLF and those who did not, 

hus suggesting that alterations of intrinsic coagulation pathway 

namely FXI activity) are not likely a major factor responsible for 

irrhosis progression. 

Our study has significant limitations. Firstly, we aimed to assess 

XI alterations and did not include additional alterations of the in- 

rinsic coagulation pathway. Secondly, it should be noted that the 

ack of association between coagulopathy and bleeding/thrombosis 

as with the baseline assessment, and not with the subsequent 

oagulation changes normally occurring with liver disease progres- 

ion [44] . Further studies with serial assessment of coagulation 
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ay improve definition of hemostatic risks in cirrhosis and clini- 

al management of these challenging patients. Thirdly, the lack of 

nterplay between blood components and vessel walls is unavoid- 

ble as in any study assessing hemostasis, perhaps especially in a 

tudy evaluating contact phase. Moreover, drugs and comorbidities 

ight have somewhat interfered with FXI levels though many po- 

ential cofounders were excluded. Finally, as this is the first study 

o evaluate the association between FXI and clinical events in cir- 

hosis, additional studies are required to validate our results. 

In conclusion, we found that plasmatic levels of FXI were signif- 

cantly reduced in cirrhosis, decreasing progressively with severity 

f liver dysfunction. However, FXI was not associated with devel- 

pment of PVT, bleeding complications, and hepatic decompensa- 

ion during follow-up. On the one hand, these results do not sup- 

ort the assessment of FXI to predict the risk of PVT and cirrho- 

is progression. On the other hand, they indirectly open to future 

tudies evaluating FXI inhibitors as potential antithrombotic thera- 

ies in patients with cirrhosis. 
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