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Liver fibrosis severity evaluated by shear-wave elastography is
associated with procoagulant and systemic inflammatory activity
in patients with cirrhosis
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Abstract

Background Hemostatic and inflammatory pathways may drive liver fibrogenesis. We investigated
whether coagulation and systemic inflammatory activities influence liver fibrosis severity in
patients with cirrhosis and thrombocytopenia.

Methods Two patient groups were evaluated according to liver stiffness measurement (LSM)
through shear wave elastography: >25 kPa (n=100) vs. <25 kPa (n=100). Anti-hemostatic
parameters (platelet count, factors II, V, VII, IX, X, XI, XII, and XIII, fibrinogen, and a2-
antiplasmin), pro-hemostatic parameters (factor VIII [FVIII], protein C [PC], protein S,
antithrombin, von Willebrand factor-antigen [vWf-Ag], plasminogen, and plasminogen activator
inhibitor-1), the FVIII-to-PC ratio as procoagulant imbalance index, and systemic inflammation
markers (serum lipopolysaccharide-binding protein [LBP], tumor necrosis factor [TNF]-c, and
interleukin [IL]-6) were measured. Cirrhosis severity was evaluated by model for end-stage liver
disease (MELD) score.

Results Patients with LSM>25 kPa exhibited significantly higher decompensation rates, MELD
score, FVIII-to-PC ratio, and levels of FVIII, PC, protein S, vWf-Ag, LBP, TNF-0,, and IL-6,
and significantly lower levels of anti-hemostatic parameters than those with LSM<25 kPa. In
multivariate analysis evaluating coagulation parameters alone or alongside inflammatory markers,
FVIII-to-PC ratio (P=0.01/P=0.03) and LBP (P=0.01) were linked to LSM>25 kPa after adjusting
for MELD score and prior decompensation. LSM correlated significantly with FVIII-to-PC ratios,
and levels of FVIIL, PC, vWf-Ag, LBP, TNF-a and IL-6, in both the total cohort and patients with
LSM=>25 kPa. LBP, TNF-o and IL-6 levels correlated significantly with the FVIII-to-PC ratios and
vWi-Ag levels in both LSM subgroups.

Conclusion Higher procoagulant and systemic inflammatory activities are associated with greater
liver fibrosis severity in cirrhotic patients.
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Introduction

Liver fibrogenesis occurs as a result of persistent liver
damage from various causes, and is characterized by an
overproduction of extracellular matrix (ECM), primarily
composed of various collagen types. Activated hepatic stellate
cells (HSCs) are the primary source of ECM, by adopting
a myofibroblast-like phenotype. Sustained fibrogenesis
plays a crucial role in structural liver remodeling, which
ultimately results in cirrhosis [1]. Moreover, activated
HSCs and liver sinusoidal endothelial cells (LSECs) develop
a vasoconstrictive phenotype that, combined with the
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structural changes, contributes to the development of portal
hypertension [2].

Patients with cirrhosis are increasingly recognized to exhibit
a hypercoagulable state, despite indications of bleeding risk
from conventional coagulation tests and thrombocytopenia.
Indeed, apart from a deficiency of procoagulant factors, these
patients commonly present reduced plasma concentrations
of major natural anticoagulants such as protein C (PC)
and antithrombin (AT) [3]. Additionally, high circulating
levels of factor VIII (FVIII) [4] and von Willebrand factor-
antigen (vWf-Ag) [5] are commonly detected in patients
with advanced cirrhosis, as a result of increased synthesis in
activated LSECs. An increased FVIII-to-PC ratio signifies
a procoagulant imbalance [6], while the raised vWf levels
enhance platelet adhesion and aggregation, even amid
thrombocytopenia [7,8]. Consequently, a prothrombotic state
is promoted, potentially resulting in intrahepatic activation of
coagulation pathways with stimulation of thrombin generation
in the portal microvasculature. Thrombin can directly activate
HSCs through protease-activated receptors, triggering
ECM protein secretion [9]. Furthermore, the procoagulant
activity predisposes to the development of intrasinusoidal
microthrombi leading to local ischemia and parenchymal
extinction, thereby accelerating fibrosis progression [9,10].

The role of inflammatory responses in the progression of
hepatic fibrosis has also attracted growing interest [11,12].
In patients with cirrhosis, the liver is constantly exposed to
gut-derived bacterial products, including lipopolysaccharide
(LPS), commonly referred to as endotoxin. This occurs
because of bacterial translocation (BT), which is driven by
small intestinal bacterial overgrowth and increased intestinal
permeability [13]. Experimental findings indicate that LPS
promotes the onset and progression of liver fibrosis by
activating HSCs via Toll-like receptors 4 [14]. Moreover,
circulating LPS stimulates monocytes and lymphocytes to
release proinflammatory cytokines, such as tumor necrosis
factor (TNF)-o and interleukin (IL)-6, which may also trigger
liver fibrosis [15].

Liver biopsy is considered the definitive procedure for
evaluating liver fibrosis in chronic liver diseases, but its invasive
nature is a major drawback [16]. Liver stiffness measurement
(LSM), assessed by ultrasound-based elastography, has been
validated for quantifying liver fibrosis [17]. Specifically,
2-dimensional ~ shear-wave  elastography  (2D-SWE)
demonstrates high reproducibility and, unlike other
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elastographic methods, its applicability is not limited by the
presence of ascites [18].

The current prospective study aimed to elucidate the
relationship between liver fibrosis severity, evaluated by LSM,
and procoagulant and systemic inflammatory activities, as
well as the interaction of coagulation imbalance and systemic
inflammation in patients with cirrhosis.

Patients and methods
Patients

Patients with liver cirrhosis seen at the outpatient hepatology
clinics of the University Hospital of Ioannina, Greece, from
May 2020 to May 2025 were prospectively evaluated. Written
informed consent was obtained from every participant. The
study conformed to the principles of declaration of Helsinki
and was approved by the Institutional Ethics Committee. The
diagnosis of cirrhosis was based on clinical and laboratory
findings, endoscopy, imaging studies, or on liver biopsy. We
included patients with thrombocytopenia, defined by a platelet
count <150 x10°/L, and age between 18 and 75 years. Exclusion
criteria were: a) ascites requiring large volume paracentesis;
b) use of anticoagulant or antiplatelet drugs, or other therapy
known to interfere with blood coagulation and platelet
function; ¢) known hemostatic disorders other than cirrhosis;
d) use of pre-/probiotics or antibiotics in the past 6 weeks prior
to enrolment; e) hepatic encephalopathy grade II or higher,
variceal bleeding, and spontaneous bacterial peritonitis or
other bacterial infection at least 3 months prior to inclusion;
f) serum creatinine levels >1.5 mg/dL; g) recent (within
6 months) or active ethanol abuse; h) history of portal vein
thrombosis or other episode of thrombosis; i) hepatocellular
carcinoma or other malignancy; j) transjugular intrahepatic
portosystemic shunt insertion; k) a history of cardiovascular,
pulmonary or renal disease; and 1) uncontrolled diabetes.
Primary prophylaxis for variceal bleeding included a beta-
blocker, such as propranolol or carvedilol, endoscopic band
ligation, or a combination of the two.

Study design

On the first day of the study, a thorough clinical assessment
was performed, and the following demographic and clinical
characteristics were recorded for each patient: age, sex,
etiology of cirrhosis, previous decompensation, use of beta-
blockers, and diabetes. Subsequently, 2D-SWE was performed
for assessment of liver fibrosis after patients had fasted for at
least 4 h. All eligible patients were consecutively enrolled into
one of the following study groups until each group consisted
of 100 patients: the first group included patients with LSM>25
kPa, defined as advanced liver fibrosis [17], while the second
group included patients with LSM<25 kPa. At 8:00 am the
following day, blood samples were obtained for measurement



of anti-hemostatic factors (platelet count, factors [F] II, V, VII,
IX, X, XI, XII, and XIII, fibrinogen, and a2-antiplasmin as a
marker of high fibrinolysis), pro-hemostatic factors (FVIII,
PC, protein S [PS], AT, vWf-Ag, and markers of low fibrinolysis
such as plasminogen and plasminogen activator inhibitor-1
[PAI-1]), and indicators of systemic inflammatory activity
(serum levels of lipopolysaccharide-binding protein [LBP],
TNF-a, and IL-6). Plasma and serum samples were stored
at -80°C until analysis. Routine laboratory examinations,
including international normalized ratio, and liver and renal
biochemistry were also performed. The severity of cirrhosis
was evaluated by the Child-Pugh classification and the model
for end-stage liver disease (MELD) score, calculated using
laboratory findings.

Hemostatic parameters

The levels of pro- and anti-hemostatic factors were
expressed as the percentage of normal pooled plasma, which
was arbitrarily set at 100%. The activities of FII, FV, FVII,
FVIII, FIX, FX, FXI, FXII and fibrinogen were determined
by 1-stage clotting assays, using factor-deficient plasmas
(Siemens, Marburg, Germany). The activities of FXIII, PC, and
AT were measured using the Berichrom® FXIII, Berichrom®
PC and Berichrom® AT chromogenic assays (Siemens,
Marburg, Germany). The PS activity was measured by a
clotting assay (PS Ac, Siemens, Marburg, Germany). The vWf-
Ag levels were determined by an immunoturbidimetric assay
(INNOVANCE® VWF Ac and VWF ag; Siemens, Marburg,
Germany). The activities of a2 antiplasmin and plasminogen
were determined by the Berichrom® a2-antiplasmin and
Berichrom® Plasminogen chromogenic assays (Siemens,
Marburg, Germany). The normal ranges for the above tests
were: 70-120% for FII, FV, FVII, FIX, FX, and FXI; 70-150%
for FVIII and FXIL; 75-130% for FXIIL; 70-140% for FV,
PC, and PS; 80-125% for AT; 50-160% for vWf-Ag; 170-
400 mg/dL for fibrinogen; 80-120% for a2-antiplasmin; and 75-
150% for plasminogen. The PAI-1 activity was measured using
the Berichrom® PAI-1 chromogenic assay (Siemens, Marburg,
Germany) and the reference interval was 0.3-3.5 U/mL.

Procoagulant imbalance index

The ratio of FVIII-to-PC was taken as an index of the
procoagulant imbalance (the greater the ratio the higher the
procoagulant imbalance).

Inflammatory markers

The LEGENDplex™ Human TNF-o Capture Bead B3, 13X
(Cat. No. 740053, Biolegend, USA) and the LEGENDplex™
Human IL-6 Capture Bead A7, 13X (Cat. No. 740044,
Biolegend, USA) were used for the measurement of TNF-o and
IL-6 serum levels, respectively, according to the manufacturer’s
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instructions. The samples were analyzed in duplicate by
Cytometric Bead Array flow cytometry in a BD FACSCalibur
flow cytometer using CellQuest V3 Software (BD Biosciences,
San Jose, CA, USA) and the data were analyzed using
LEGENDplex™ Data Analysis Software V8.0 (BioLegend,
USA). The assay sensitivities were 1.97 pg/mL for TNF-o and
2.01 pg/mL for IL-6. A commercially available enzyme-linked
immunosorbent assay kit (ALX-850-304-KI01, Enzo Life
sciences, Farmingdale, NY, USA) was used to measure serum
LBP concentrations in accordance with the manufacturer’s
instructions. The assay sensitivity was 5 ng/mL. TNF-a,
IL-6 and LBP levels below the detection limit of the assay’s
sensitivity were assigned values of 1.97 pg/mL, 2.01 pg/mL and
5 ng/mL, respectively.

Liver stiffness measurement

2D-SWE was performed using an Aixplorer US system
(Supersonic Imagine S.A, Aix-en-Provence, France) equipped
with elastographic software and a convex array transducer.
All 2D-SWE measurements were made by an experienced
sonographer with more than 7 years of experience in real-
time elastography studies. The shear wave was generated by a
continuously repeated focused ultrasound beam to the target
tissue along the direction the longitudinal wave propagated.
The velocity of the generated shear wave was measured by
performing an ultra-fast ultrasound scan at a very high frame
rate (more than 4000 frames/sec), and the stiffness of the
corresponding liver tissue was calculated by measuring the
shear-wave velocity generated. After grayscale ultrasound,
2D-SWE was performed using the same probe. The curved
transducer was placed intercostally at the level of the right lobe
of the liver, with the target area located in the right anterior
hepatic segment at a depth of more than 2 cm from the hepatic
capsule to avoid major vessels. Liver stiffness was measured
within a 5-sec breath hold. The measurement was performed
10 times for each patient, and the results were expressed
in kilopascals (kPa). The median value was considered
representative of the liver stiffness.

Statistical analysis

The baseline characteristics were expressed as absolute
and relative frequencies for categorical variables and as
mean * standard error for continuous variables. Pearson’s
chi-square test and Student’s unpaired ¢-test were
used to compare categorical and continuous variables,
respectively. Variables showing significance in univariate
analysis were entered into a forward stepwise multivariate
binary logistic regression analysis to determine factors
independently associated with the presence of LSM>25 kPa.
Two multivariate models were employed: one including
only coagulation variables (model 1) and one including
coagulation and inflammation variables (model 2). Both
multivariate models were adjusted for MELD score and
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decompensation status. The relationship between LSM,
coagulation parameters and systemic inflammatory markers
was assessed by the Spearman rank correlation coefficient.
A P-value of <0.05 was considered statistically significant.
All statistical analyses were performed with the SPSS 26.0
statistical package (IBM Corp., Armonk, N.Y., USA).

Results

Clinical characteristics of patients

No significant differences were observed among patient
subgroups regarding age, sex, etiology of cirrhosis, use of
beta-blockers or presence of diabetes (Table 1). The incidence
of decompensation (P=0.004), particularly ascites (P=0.01),
and liver disease severity as assessed by MELD score (P=0.01)
and Child-Pugh classification (P=0.02) were significantly
higher in patients with LSM>25 kPa. As expected, LSM was
considerably higher in patients with LSM>25 kPa (range:
25-46 kPa) compared to those with LSM<25 kPa (range: 14-
24.8 kPa) (P<0.001). Q: Is this correct? Or should the first LSM
be something else?

Relationship of liver fibrosis severity with coagulation
parameters and systemic inflammatory markers on
univariate analysis

Lower platelet counts (P=0.009), as well as levels of FII
(P<0.001), FV (P=0.002), FVII (P<0.001), FIX (P<0.001), FX
(P=0.001), FXI (P=0.004), FXII (P=0.005) and FXIII (P=0.03),
PC (P<0.001), AT (P<0.001) and PS (P=0.001), increased
levels of FVIII (P<0.001) and vWf-Ag (P<0.001), and higher

Table 1 Clinical characteristics of patients

Characteristics LSM<25 LSM>25  P-value
kPa kPa
(n=100)  (n=100)

Age (years) 60.4+1.2 59+1.4 0.4

Male sex (%) 81 79 0.7

Etiology of cirrhosis 77/15/8 72/17/11 0.6

(alcohol/viral/other)

Previous decompensation (%) 43 63 0.004
Ascites (%) 37 55 0.01
Variceal bleeding (%) 6 14 0.06
Hepatic encephalopathy (%) 6 7 0.9

Child-Pugh A/B/C 56/33/11 41/35/24 0.02

MELD score 10.9+0.6 12+0.4 0.01

Beta-blockers (%) 50 62 0.08

Diabetes (%) 20 29 0.1

LSM (kPa) 19.1+£0.3 32.9+0.5 <0.001

FVIII-to-PC ratios (P<0.001) were associated significantly
with LSM>25 kPa on univariate analysis (Table 2). Patients
with LSM>25 kPa had significantly higher serum levels of LBP
(P<0.001), TNF-a (P<0.001) and IL-6 (P<0.001) compared to
those with LSM<25 kPa.

Factors associated with liver
multivariate analysis

fibrosis severity in

In multivariate model 1, FVIII (P=0.008), PC (P=0.01),
FVIII-to-PC ratio (P=0.002) and vWf-Ag (P=0.007) were
independently associated with LSM>25 kPa (Table 3). FVIII-
to-PC ratio (P=0.01) and vWf-Ag (P=0.04) remained the
only variable independently associated with LSM=>25 kPa
after adjusting for MELD score and decompensation status.
In multivariate model 2, independent associations with
LSM=>25 kPa were noted for FVIII (P=0.02), PC (P=0.05),
EVIII-to-PCratio (P=0.009), vWf-Ag (P=0.03), LBP (P=0.005),
TNF-o (P=0.03) and IL-6 (P=0.04). When multivariate analysis
was adjusted for MELD and prior decompensation, FVIII-to-
PC ratio (P=0.03) and LBP (P=0.01) were the only significant
factors associated with LSM>25 kPa (Table 3).

Table 2 Coagulation parameters and systemic inflammation markers

Parameters LSM<25 LSM=>25 P-
kPa kPa value
(n=100) (n=100)
Anti-hemostatic parameters
Platelet count (x10°/uL) 102+25 91+36 0.009
Factor II (%) 92.8+3.8 68.5£3.9 <0.001
Factor V (%) 96+3.6 79.6+3.7 0.002
Factor VII (%) 91.4+3.7 70.2+¢3.7  <0.001
Factor IX (%) 103.5+2.9 86.8+£3.2 <0.001
Factor X (%) 95.3+3.3 79.9+2.9 0.001
Factor XI (%) 89.2+2.6 77.313 0.004
Factor XII (%) 97.9+2.4 87+2.8 0.005
Factor XIII (%) 116.9+3.6  105.9£3.5 0.03
Fibrinogen (mg/dL) 375.6£10.1 353.4+12.1 0.1
a2-antiplasmin (%) 89.242.2 88.4+2.2 0.7
Pro-hemostatic parameters
Protein C (%) 100.5+3.1 70.5+3 <0.001
Antithrombin (%) 89.5+2.3 75.842.5  <0.001
Protein S (%) 88.5+2.6 75.842.6 0.001
Factor VIII (%) 131.5+2.9  174.5+3.2  <0.001
Factor VIII-to-Protein Cratio  1.49+0.07  3.04+0.16  <0.001
von Willebrand factor 176.6+8.7 326.5+14.6  <0.001
antigen (%)
Plasminogen (%) 91.3+2.5 87.1+2.6 0.2
Plasminogen activator 1.75+0.25  1.52+0.23 0.5
inhibitor-1 (U/mL)
Systemic inflammation markers
Lipopolysaccharide binding ~ 6.12+0.06 ~ 7.1£0.07  <0.001
protein (ng/mL)
Tumor necrosis factor-o. 9.87+0.85 27.842.6 <0.001
(pg/mL)
Interleukin-6 (pg/mL) 11.6+0.8 43.9+4.1 <0.001

Data are reported as mean+standard error or absolute (percentage)
LSM, liver stiffness measurement; MELD, model for end-stage liver disease
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Table 3 Variables independently associated with liver stiffness measurement >25 kPa

Variables OR 95%CI p* OR 95%CI p**
Multivariate model 1: coagulation parameters
Factor VIII 1.243 1.122-1.1408 0.008
Protein C 0.943 0.889-1.072 0.01
Factor VIII-to- Protein C ratio 2.952 1.866-4.947 0.002 2.049 1.481-3.771 0.01
von Willebrand factor antigen 1.375 1.117-1.715 0.007 1.109 1.004-1.404 0.04
Multivariate model 2: coagulations parameters and
systemic inflammation markers
Factor VIII 1.132 1.090-1.348 0.02 1.645 1.309-2.932 0.03
Protein C 0.976 0.932-1.163 0.05
Factor VIII-to-Protein C ratio 2.235 1.466-4.385 0.009
von Willebrand factor antigen 1.186 1.072-1.499 0.03
Lipopolysaccharide binding protein 2.849 1.456-6.102 0.005 2.350 1.038-5.573 0.01
Tumor necrosis factor-o 1.144 1.042-1.337 0.03
Interleukin-6 1.094 1.023-1.208 0.04

*Multivariate analysis not including MELD and previous decompensation; **Multivariate analysis including MELD and previous decompensation

OR, odds ratio; CI, confidence interval; MELD, model for end-stage liver disease

Correlation of LSM with coagulation parameters and
systemic inflammation markers

LSM was significantly correlated with the levels of FVIII
(r=0.608; P<0.001), PC (r=0.497; P<0.001) and vWf-Ag
(r=0.621; P<0.001), and with the FVIII-to-PC ratios (r=0.640;
P<0.001) in the total cohort of 200 patients (Fig. 1). Additional
significant correlations were identified between LSM and the
serum levels of LBP (r=0.606; P<0.001), TNF-o (r=0.600;
P<0.001) and IL-6 (r=0.557; P<0.001) in these patients (Fig. 2).
When the LSM subgroups were analyzed, the correlations of
LSM with both the coagulation parameters and the systemic
inflammation markers remained significant for patients with
LSM>25 kPa.

Correlation of coagulation parameters with systemic
inflammation markers

Serum concentrations of LBP, TNF-o, and IL-6 showed
significant correlations with the FVIII-to-PC ratios (r=0.523;
P<0.001, r=0.493; P<0.001, and r=0.578; P<0.001, respectively)
as well as with the vWf-Ag levels (r=0.539; P<0.001, r=0.538;
P<0.001, and r=0.439; P<0.001) across the whole patient
cohort (Table 4). The above correlations were also significant
in both LSM subgroups.

Discussion

Liver fibrosis represents an important pathophysiological
feature and key prognostic indicator in advanced chronic
liver disease [1,2]. The activation of HSCs is the primary
pathogenic mechanism behind the onset of liver fibrosis and
its progression to cirrhosis [1]. The potential contribution
of the intrasinusoidal procoagulant and inflammatory
processes to the progression of liver fibrosis is currently a

topic of increasing interest [9-12]. Consequently, the present
study investigated whether coagulation balance and systemic
inflammation are associated with the severity of liver fibrosis
in a large cohort of prospectively recruited patients with
clinically stable cirrhosis. 2D-SWE is an effective method for
detecting and staging liver fibrosis in patients with chronic
liver diseases [19]. An LSM cutoff of 25 kPa was established
to identify advanced fibrosis in our study and to subgroup
the enrolled patients, acknowledging the clinical importance
of this threshold in defining clinically significant portal
hypertension [17,20].

In the current study, all hemostatic parameters—except
for fibrinogen and factors linked to fibrinolysis—as well as
the systemic inflammation markers demonstrated significant
associations with increasing severity of liver fibrosis in
univariate analysis. Nonetheless, only changes in FVIII,
PC and vWf-Ag levels, and the FVIII-to-PC ratio, all linked
to thrombotic potential, were independently related to
LSM>25 kPa. Notably, high FVIII-to-PC ratios and vWf-
Ag levels emerged as the only factors significantly associated
with advanced liver fibrosis after adjustment for liver disease
severity and history decompensation. Alongside thrombophilic
factors, high systemic inflammatory activity was associated
with LSM=>25 kPa. Importantly, only elevated LBP levels and
the FVIII-to-PC ratio were independently linked to advanced
liver fibrosis when both coagulation parameters and systemic
inflammatory markers were analyzed after adjustment for
MELD score and history of decompensation. LBP was utilized
as a surrogate marker of LPS in the present study, since the
latter has a half-life of only 2-4 min as compared to 12-24 h
for LBP [21].

Our results in patients with cirrhosis align with the
concept that hypercoagulable forces contribute to liver
fibrogenesis [22]. In support of our findings, Brodard
et al [23] demonstrated that patients with LSM>21 kPa
had considerably greater thrombin generation than those
with lower LSM values. In this regard, the high FVIII levels
observed in our study enhance thrombin generation [24,25],
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Figure 1 Correlations between liver stiffness measurements and factor VIII levels (panel A), protein C levels (panel B), factor VIII-to-Protein C
ratio (panel C), and von Willebrand factor-antigen levels (panel D) in patients with cirrhosis

Table 4 Correlations between coagulation parameters and systemic inflammation markers

Parameters

LBP (ng/mL)

TNE-a. (pg/mL) IL-6 (pg/mL)

Total cohort (n=200)
Factor VIII-to-Protein C ratio

Von Willebrand factor antigen (%)

r=0.523; P<0.001
r=0.539; P<0.001

LSM>25 kPa (n=100)

Factor VIII-to-Protein C ratio
von Willebrand factor antigen (%)

r=0.304; P=0.002
r=0.310; P=0.002

LSM<25 kPa (n=100)

Factor VIII-to-Protein C ratio
Von Willebrand factor antigen (%)

r=0.282; P=0.005
r=0.301; P=0.003

r=0.493; P<0.001
r=0.538; P<0.001

r=0.408; P<0.001
r=0.410; P<0.001

r=0.188; P=0.06
r=0.279; P=0.005

r=0.578; P<0.001
r=0.439; P<0.001

r=0.342; P=0.001
r=0.308; P=0.04

r=0.261; P=0.009
r=0.221; P=0.03

LBP, lipopolysaccharide-binding protein; TNF-a, tumor necrosis factor-o; IL-6, interleukin-6; LSM, liver stiffness measurement

while at the same time the downregulation of thrombin
generation through FVIII inhibition is limited by low PC
activity [26]. Higher FVIII-to-PC ratios and lower PC levels
were also independently associated with higher LSM in
patients with metabolic-associated steatotic liver disease [27].
On the other hand, the circulating levels of vVWf-Ag have been
directly correlated with the histological stage of liver fibrosis
in patients with chronic viral hepatitis [28]. Furthermore,
different anticoagulants have been found to reduce liver
fibrosis in preclinical cirrhosis models [29], while a recent
study involving patients with advanced cirrhosis revealed
a notable decrease in LSM following the administration of
rivaroxaban [30]. Other reports demonstrated that patients
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with chronic viral hepatitis and thrombophilic conditions
resulting from PC or ATIII deficiencies [31,32], increased
expression of FVIII [32], and heterozygote carriage of the
factor V Leiden mutation [33], experienced accelerated liver
fibrosis progression.

Our findings are also in line with experimental research
showing that inflammatory responses upon exposure to
BT and LPS promote liver fibrogenesis [13,34]. However,
there are only limited data that specifically address
whether systemic inflammation is connected with the
severity of liver fibrosis in patients with established
cirrhosis. In a recent study, LBP and IL-6 were significantly
associated with histological markers of liver fibrosis [35].
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Figure 2 Correlations between liver stiffness measurements and levels
of lipopolysaccharide-binding protein (panel A), tumor necrosis
factor-at (panel B), and interleukin-6 (panel C), in patients with
cirrhosis

Similarly, a link between systemic inflammation and liver
fibrogenesis has been reported in patients with acute-on-
chronic liver failure [36]. In addition, the use of rifaximin,
a non-absorbable antibiotic that reduces gut-derived
toxins, ameliorated liver fibrosis in experimental models
of metabolic steatohepatitis [37,38] and humans with
compensated alcoholic cirrhosis [39].

Notably, our study showed a consistent association of
procoagulant activity and systemic inflammation with LSM in
the overall cohort. However, when subgroups were examined,
this link was significant only in patients with advanced
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liver fibrosis. The higher prevalence of decompensation in
the latter subgroup might point to elevated portal pressure,
resulting in more marked BT and associated hemostatic
and inflammatory reactions [13]. However, the presence of
decompensation at entry was not significantly associated
with advanced liver fibrosis in our multivariate analyses,
corroborating recent observations showing a robust
correlation of systemic inflammation with liver fibrogenesis,
regardless of portal hypertension severity, in patients with
cirrhosis [35]. An alternative explanation might be that the
patients with LSM>25 kPa exhibit the greatest procoagulant
and inflammatory responses, potentially leading to an
increased incidence of microthrombi in the portal circulation
and more pronounced liver fibrogenesis.

A noteworthy finding of our study is the strong relationship
between prothrombotic and inflammatory markers,
irrespective of liver fibrosis severity, which could amplify the
fibrotic potential. Abundant evidence suggests that BT-related
inflammatory responses may upregulate coagulation within the
cirrhoticliver. Violi et al confirmed a link between endotoxemia
and thrombin generation markers in the portal circulation of
patients with cirrhosis [40]. Furthermore, LPS has been shown
to stimulate LSECs to secrete FVIII [41] and vWf-Ag [41,42,43].
Proinflammatory cytokines, such as TNF-a and IL-6, may also
trigger the release of vWf-Ag from activated LSECs [43,44],
inhibit ADAMTS13, a protease that degrades VWf multimers
into less thrombogenic fragments [45], and reduce the hepatic
production of PC [46]. Conversely, a marked decrease in vW{-
Ag levels, concomitantly with amelioration of endotoxemia,
was noted in patients with cirrhosis after treatment with non-
absorbable antibiotics [42].

A main limitation of our study is that the procoagulant
imbalance was assessed using the FVIII-to-PC ratio, since
data regarding thrombin generation were not accessible.
However, a good correlation between these parameters has
been noted in patients with cirrhosis [47]. The lack of objective
evidence concerning the association of hypercoagulability
markers with increased intrahepatic thrombotic potential
poses an additional limitation. In addition, LSM was obtained
by 2D-SWE instead of transient elastography, which was
utilized in the Baveno VII guidelines. Nonetheless, the overall
accuracy and prognostic value of 2D-SWE are comparable
to those of transient elastography, and appear to be even
superior when assessing the early stages of liver fibrosis
[48]. We also have to acknowledge that our findings cannot
prove that systemic inflammation and coagulation pathways
directly cause HSCs activation.

In conclusion, this study suggests that the interplay
between thrombogenic and systemic inflammatory
mechanisms may contribute to the severity of liver fibrosis
in patients with cirrhosis. Our findings warrant the design
of interventional clinical trials assessing whether therapeutic
approaches that modulate thrombotic potential and systemic
inflammation could ameliorate liver fibrogenic activity in
these patients.
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Summary Box

What is already known:

« Liver fibrosis is an important pathophysiological
feature and a major prognostic indicator of
advanced chronic liver disease

o A prothrombotic state has frequently been
reported in patients with cirrhosis

o Increased procoagulant activity may contribute to
the development and progression of liver fibrosis

o Experimental evidence has demonstrated that
systemic inflammation could promote liver
fibrogenesis via activation of hepatic stellate cells

What the new findings are:

o Advanced liver fibrosis, indicated by a liver
stiffness measurement >25 kPa assessed by shear
wave elastography, is strongly linked to higher
prothrombotic and  systemic inflammatory
activities, regardless of the severity of cirrhosis

o Prothrombotic activity is closely related to systemic
inflammation, irrespective of the severity of liver
fibrosis
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