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Abstract
BACKGROUND
Von-Willebrand factor (vWF) disposes certain prognostic value in patients with liver cirrhosis, but its relation to other prognostic indicators has not been fully investigated. 

AIM
To analyze the relation between vWF and other prognostic indicators in cirrhotic patients and to evaluate its prognostic value for mortality. 

METHODS
This analytic prospective study was carried out in a tertiary center and initially enrolled 71 patients with liver cirrhosis and portal hypertension. It analyzed the relation between vWF and the stage of the disease and several inflammatory and prognostic indicators. The prospective analysis, performed on a sample of 63 patients, evaluated the association between the selected variables [vWF, Model for End-stage Liver Disease (MELD) score, C-reactive protein (CRP), ferritin, vitamin D, activated partial thromboplastin time, thrombin time, D-dimer concentration] and the survival time as well as their predictive value in terms of 3-mo, 6-mo and 1-year mortality.

RESULTS
vWF was significantly higher in patients with higher Child-Turcotte-Pugh class (P = 0.0045), MELD group (P = 0.0057), ferritin group (P = 0.0278), and D-dimer concentration (P = 0.0232). vWF significantly correlated with D-dimer concentration, ferritin, CRP, International Normalized Ratio, MELD, Child-Turcotte-Pugh class, Sequential Organ Failure Assessment, and CLIF-Consortium Acute-on-chronic liver failure score. vWF, MELD score, and CRP were significantly associated with death and were significant predictors of 3-mo, 6-mo, and 1-year mortality. Each vWF unit significantly increased the probability for 3-mo mortality by 1.005 times (P = 0.008), for 6-mo mortality by 1.006 times (P = 0.005), and for 1-year mortality by 1.007 times (P = 0.002). There was no significant difference between the diagnostic performance of vWF and MELD score and also between vWF and CRP regarding the 3-mo, 6-mo, and 1-year mortality.

CONCLUSION
In patients with liver cirrhosis, vWF is significantly related to other prognostic indicators and is a significant predictor of 3-mo, 6-mo, and 1-year mortality similar to MELD score and CRP.
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Core Tip: The prognostic value of von-Willebrand factor (vWF) in cirrhotic patients has been previously evaluated, but its relation to other inflammatory and prognostic indicators has not been fully investigated. The study confirmed that vWF was significantly associated with the stage of liver disease, D-dimer concentration, ferritin, and survival and that vWF was a significant predictor of 3-mo, 6-mo, and 1-year mortality similar to Model for End-stage Liver Disease score and C-reactive protein. These data reflect the important prognostic role of the complex and dynamic interaction between endothelial dysfunction, systemic inflammation, and cirrhosis-related coagulopathy in cirrhotic patients.

INTRODUCTION
The high mortality rate in cirrhotic patients and the shortage of organs worldwide are constantly raising the issue of mortality prediction in patients with end-stage liver disease in terms of differentiating the most critically ill patients with the highest short-term mortality[1]. This leads to continuous and intense research towards defining new biological variables that possess certain prognostic potential in cirrhotic patients. Chronic liver disease is inevitably related to portal hypertension (PH), an entity that closely accompanies and often defines the natural course of the disease. Its prognostic significance derives from the fact that PH is closely related to several severe, life-threatening complications that are associated with high morbidity and mortality[2]. PH is diagnosed and quantified with the hepatic venous pressure gradient, but since it is an invasive, expensive, and not widely available procedure, there is a need for alternative relevant and noninvasive indicators of PH. 
Recent research emphasizes the significant contributing role of endothelial dysfunction (ED) in the pathogenesis and progression of PH and its relation to poor prognosis in cirrhotic patients[3]. Intrahepatic ED is considered a major determinant of the increased hepatic vascular tone of the cirrhotic liver, and systemic ED due to endotoxemia is the cause of increased nitric oxide production, the major determinant of the hyperdynamic circulation [3]. Considering its important contributing role in the pathogenesis of PH, von-Willebrand factor (vWF) has recently gained some attention as a prognostic indicator in cirrhotic patients. The increased vWF production due to ED favors hypercoagulable state, formation of platelet-induced thromboses in the hepatic microcirculation, and gradual thrombotic vascular obliteration[4,5]. It is considered that the increased vWF concentration and the cirrhosis-related procoagulant imbalance are the two crucial predisposing events responsible for the progressive vascular occlusion of the portal circulation[4,5]. Also, ED is the major cause of many complex hemostatic abnormalities that occur in cirrhotic patients. The imbalance in the secretion of pro-coagulant, anticoagulant, fibrinolytic, and antifibrinolytic substances due to ED in different clinical settings may have a different hemostatic phenotype. On the other hand, short-term prognosis in cirrhotic patients largely depends on the accompanying liver-related events that temporarily worsen the liver function[6]. Recent data also emphasize the important contributing role of systemic inflammation (SI) in the pathogenesis of the majority of the acute events in cirrhotic patients. It has been established that SI is common and almost a persistent state, especially in advanced liver disease, that it has a crucial role in the course of the disease, and that SI is related to adverse outcomes in cirrhotic patients[6-8].
It seems that ED, SI, and liver-related coagulopathy have an important role in the natural course of chronic liver disease[7,9-11]. The involvement of vWF as an indicator of ED plays a substantial role in the progression of PH, which explains the significant and relevant prognostic potential of vWF in cirrhotic patients. Still, the relation between vWF and other inflammatory and prognostic indicators has not been completely investigated. The aim of the study was to evaluate the relation between vWF and liver cirrhosis, its relation to other relevant prognostic indicators in cirrhotic patients, and the prognostic value of vWF in terms of 3-mo, 6-mo, and, 1-year mortality. 

MATERIALS AND METHODS
Study design
This analytic monocentric prospective study initially enrolled 71 patients with liver cirrhosis and PH. Data regarding demographic and clinical characteristics of patients (age, gender, etiology, disease duration, data regarding previous complications, related diagnostic/therapeutic interventions) were collected, and a number of imaging and laboratory investigations were performed in order to determine the stage of the disease, to register the present complications of PH, and to assess the mortality risk. Besides the basic biochemical and hemostatic analyses, the concentration of vWF was also measured. Afterward, by using the American Society of Chest Physicians/Society of Critical Care Medicine (ACCP/SCCM) criteria, the presence of systemic inflammatory response syndrome (SIRS) was determined, and the Child-Turcotte-Pugh (CTP) score, Model for End-stage Liver Disease (MELD) score, Sequential Organ Failure Assessment (SOFA) score, CLIF-C Acute-on-chronic liver failure (ACLF) score, and Simplified Acute Physiology Score II (SAPS II) were calculated. After enrollment, patients were prospectively monitored for 1 year, and every 3 mo a regular control examination was performed. During every regular visit clinical examination (physical and abdomen examination), vital parameters measurement (blood pressure, heart rate, respiratory rate, blood oxygenation, body temperature), abdominal ultrasound examination with color Doppler of the portal vein, complete blood count, and biochemical analysis of blood sample and urine sediment was performed. In case of some clinical deterioration during the follow-up, an additional investigation was performed (patients were provided with phone communication with the study doctor), after which the patients went back to the regular study protocol. During the follow-up period, 8 patients dropped out (occurrence of some of the exclusion criteria, transplanted or noncompliant patients). Within the prospective analysis performed in 63 patients, the predictive value of vWF and several parameters of interest [MELD score, C-reactive protein (CRP), ferritin, vitamin D, activated partial thromboplastin time (aPTT), thrombin time (TT), D-dimer concentration] were analyzed in terms of 3-mo, 6-mo, and 1-year mortality. All patients signed an informed consent form for participation in the study. The research and the study protocol were in line with the ethical principles of the Helsinki declaration.

Patients
The study enrolled patients with clinically evident liver cirrhosis and portal hypertension with no significant preexisting comorbidities (systemic, infective, cardiovascular, metabolic, or neoplastic disease) and without active alcohol consumption, previous thrombotic event, blood transfusion, or interferon, antiplatelet, or anticoagulant therapy. Some patients were enrolled after hospitalization at the University Clinic for Gastroenterohepatology in Skopje, and some were enrolled during the outpatient follow-up.

Biochemical analysis, hemostatic analysis, and vWF assay
At enrollment and during every regular visit, a complete blood count and biochemical blood analysis [glucose, blood urea nitrogen, creatinine, bilirubin, protein profile (albumin, globulin), sodium, potassium, calcium, iron, total iron-binding capacity, lipid profile (cholesterol, high-density lipoprotein, low-density lipoprotein, triglycerides), CRP, ferritin, vitamin D, urinary sediment, alpha fetoprotein], hemostasis [prothrombin time (PT), International Normalized Ratio (INR), aPTT, TT], D-dimer concentration, urinary sediment, and gas analyses from capillary blood sample were performed. The vWF concentration was measured in platelet-rich plasma aliquoted after centrifugation of sodium citrate blood sample. The analysis was performed by using the immunoturbidimetric method (vWF Ag Test Kit, Siemens, Munich, Germany) on an automatic coagulometer (BCS XP System-Siemens Healthiness Global device). The normal range of vWF was 50%-150%. According to the obtained score values, patients were classified in three CTP classes (Class A, B and C), in three MELD groups [group 1 (MELD ≤ 9), group 2 (MELD 10-19), and group 3 (MELD ≥ 20)], in three serum ferritin (SF) groups [group 1 (SF ≤ 200 ng/mL), group 2 (SF 200-400 ng/mL), and group 3 (SF ˃ 400 ng/mL)], in two D-dimer groups (below/above 500 µg/mL), and in two vitamin D groups (below/above 20 ng/mL).

Statistical analysis
The statistical analysis was performed by using the SPSS software package, version 22.0 for Windows (IBM Corp., Armonk, NY, United States). Descriptive statistics were provided as mean ± standard deviation, median, and interquartile range (IQR). Mann Whitney U test and Kruskal-Wallis H test were used to test the significance of the difference between the numeric variables without normal distribution. Correlation between vWF and other variables was analyzed by Spearman’s correlation. Univariate Cox proportional model was used in order to evaluate the association between the selected variables and the survival time, and the univariate logistic regression analysis was used to determine the significant predictors of mortality. The diagnostic performance of the significant mortality predictors was assessed by the receiver operating characteristic (ROC) analysis and the area under the curve (AUC) values of two independent ROC curves that were compared using the Z test. P values < 0.05 were considered statistically significant.

RESULTS
Patient characteristics and stage of disease
The mean age in the group was 58.8 ± 10.7 years [95% confidence interval (CI): 54.4-59.1], and there was a significant male predominance [56 (78.87%) men and 15 (21.13%) women; (gender ratio 3.73:1)]. Regarding etiology, alcoholic liver disease was the most prevalent entity (36 patients, 50%). According to the CTP classification, most patients were in class C (28, 39.40%), 25 patients (35.20%) in class B, and 18 patients (25.30%) in class А [CTP score 8.9 ± 2.9 (5-15); IQR = 9 (6-11)]. MELD score was 19.7 ± 9.9 (6-59); IQR = 18 (11-25). The CRP concentration was 21.1 ± 27.5 mg/L and SIRS was registered in 43 (60.60%) patients. The ferritin concentration was 290.45 ± 354.33 ng/mL [SF ≤ 200 ng/mL in 39 (62.9%) patients, SF 200-400 ng/mL in 5 (8.1%), and SF > 400 ng/mL in 18 (29.0%) patients]. The vitamin D concentration was 17.65 ± 13.31 ng/mL, and the prevalence of vitamin D deficiency was 48.9% (Table1).

vWF concentration and its relation to stage of disease and inflammatory and prognostic indicators
The mean vWF concentration in the group was 346.18 ± 155.97% (150-850), IQR = 318.40% (214.00-410.10) (Table 1). The analysis confirmed significantly higher vWF values in higher CTP class [Kruskal-Wallis H test: Chi-square (2) = 10.8177; P = 0.0045], MELD group [Kruskal-Wallis H test: Chi-square (2) = 10.3357; P = 0.0057], and SF group [Kruskal-Wallis H test: Chi-square (2) = 7.1653; P = 0.0278] and in patients with elevated (> 500 µg/mL) D-dimer concentration (Mann-Whitney U test: Z = 2.6407; P = 0.0083) (Table 2). The analysis did not show a significant difference between the vWF values regarding vitamin D deficiency (Mann-Whitney U test: Z = -1.6916; P = 0.0907) and platelet count [(above/below 100×109/L), (Mann-Whitney U test: Z = -0.02898; P = 0.9769)], (Table 2). The correlation analysis confirmed a strong significant positive linear correlation only between vWF and D-dimer concentration (r = 0.407) and a moderate significant positive linear correlation between vWF and CTP score, MELD score, SOFA score, CLIF-C ACLF score, CRP, ferritin, and INR (r = 0.348, 0.387, 0.327, 0.328, 0.315, 0.360 and 0.262, respectively) (Figure 1). The correlation between vWF and the other selected parameters (SAPS II score, vitamin D, Alveolar-Arterial Oxygen Gradient, hemoglobin, platelet count, WBC, PT, aPTT, TT) was weak or not significant (Figure 2).

Association between vWF and other variables with death and their predictive value for mortality
The Cox proportional model and the univariate logistic regression analysis showed that vWF, MELD score, and CRP were significantly associated with the event (death) and significant predictors of mortality in all three follow-up periods. The Cox proportional model showed that vWF, MELD score, CRP, and aPTT were significantly associated with 3-mo survival; that vWF, MELD score, CRP, and vitamin D were significantly associated with 6-mo survival; and that vWF, MELD score, CRP, vitamin D, ferritin, and aPTT were significantly associated with 1-year survival (Table 3). The univariate logistic regression analysis showed that vWF, MELD score, CRP, and D-dimer concentration were significant predictors of 3-mo mortality; that vWF, MELD score, CRP, and vitamin D were significant predictors of 6-mo mortality, and that vWF, MELD score, CRP, and ferritin were significant predictors of 1-year mortality (Table 3).
Regarding the association between vWF and survival in cirrhotic patients, the analysis showed that vWF was significantly associated with survival in all three follow-up periods and that each vWF unit significantly increased the daily association with death by 0.4% regarding 3-mo [Exp(B) hazard ratio (HR) = 1.004], by 0.6% regarding 6-mo [Exp(B) (HR) = 1.006], and by 0.4% [Exp(B) (HR) = 1.004] regarding 1-year survival. Regarding mortality, the analysis confirmed that each vWF unit significantly increased the probability for 3-mo mortality by 1.005 (P = 0.008) times, for 6-mo mortality by 1.006 (p = 0.005) times, and for 1-year mortality by 1.007 (P = 0.002) times (Table 3). 
Regarding the association between CRP and survival in cirrhotic patients, the analysis showed that CRP was significantly associated with survival in all three follow-up periods and that each CRP unit significantly increased the daily association with the event (death) by 2.9% [Exp(B) (HR) = 1.029] regarding the 3-mo, by 4.4% [Exp(B) (HR) = 1.044] regarding the 6-mo, and by 2.5% [Exp(B) (HR) = 1.025] regarding the 1-year survival. More importantly, we confirmed that CRP was a significant predictor of mortality in patients with liver cirrhosis and that each CRP unit significantly increased the probability for 3-mo mortality by 1.044 (P = 0.001) times, for 6-mo mortality by 1.044 (P = 0.001) times, and for 1-year mortality by 1.046 (P = 0.002) times (Table 3).

Diagnostic performance of vWF, MELD score, and CRP for mortality
The ROC analysis did not conform a statistically significant difference between the AUC values of the ROC curves for vWF and MELD score (Z = 1.459; P = 0.1444) and between the AUC values for vWF and CRP (Z = 1.063; P = 0.2876) regarding the 3-mo mortality [vWF-AUC = 0.734 (95%CI: 0.571-0.897), P = 0.008; MELD score-AUC = 0.884 (95%CI: 0.803-0.966), P = 0.000 and CRP-AUC = 0.848 (95%CI: 0.744-0.953), P = 0.000], between the AUC values for vWF and MELD score (Z = 1.385;P = 0.1662) and between the AUC values for vWF and CRP (Z = 1.601; P = 0.547) regarding the 6-mo mortality [vWF-AUC = 0.700 (95%CI: 0.544-0.856), P = 0.011; MELD score- AUC = 0.833 (95%CI: 0.725-0.940), P = 0.000 and CRP-AUC = 0.851 (95%CI: 0.758-0.943), P = 0.000], and between the AUC values for vWF and MELD score (Z = 1.276; P = 0.20192) and between the AUC values for vWF and CRP (Z = 1.366; P = 0.1718) regarding the 1-year mortality [vWF – AUC = 0.729 (95%CI: 0.590-0.868), P = 0.002; MELD score – AUC = 0.841 (95%CI: 0.742-0.941), P = 0.000 and CRP- AUC = 0.848 (95%CI: 0.747-0.948), P = 0.000] (Figure 3). According to the ROC curve, we received vWF cut off = 207.15; sensitivity = 85.5%; specificity = 71.4%, Youden index = 0.569 for 3-mo mortality, vWF cut off = 199.85; sensitivity = 80.0%; specificity = 74.4%, Youden index = 0.544 for 6-mo mortality, and vWF cut off = 199.35; sensitivity = 87.5%; specificity = 79.5%; Youden index = 0.67 for 1-year mortality.

DISCUSSION
Our study confirmed a significant relation between vWF and liver cirrhosis, CRP, ferritin, and D-dimer concentration. The study also confirmed that in patients with liver cirrhosis vWF, MELD score and CRP were significantly related to death and significant predictors of 3-mo, 6-mo, and 1-year mortality. Regarding mortality, our study did not confirm a significant difference between the diagnostic performance of vWF and MELD score and between the diagnostic performance of vWF and CRP.
Regarding its pronounced ability for short-term outcomes prediction, MELD score is the most widely accepted and currently the most useful indicator of liver function. Its wide scale provides high precision and good discriminating ability in assessing the death risk in cirrhotic patients[12]. However, the variability due to different laboratory methodologies[13], the low ability for prediction of post-transplant outcomes[14], the lower discriminating power of the lower MELD values[15], and its poor usefulness in compensated disease and in acute decompensation are the most pointed limitations of MELD score. Considering these facts many studies investigated the predictive value of other potential prognostic indicators in cirrhotic patients and compared it to the prognostic value of MELD score. 
Most studies that evaluated the predictive value of vWF in cirrhotic patients confirmed significantly higher vWF values in patients with an advanced stage of disease[5,16-18] and in uncensored patients[18,19] and also a significant predictive value of vWF for mortality[18]. We also confirmed a significantly higher vWF level in patients with higher CTP class and in higher MELD group. Still, considering the fact that vWF does not always adequately correlate with the indicators of liver dysfunction, it seems that higher vWF concentration in advanced disease is probably more directly related to the degree of PH than with the level of liver dysfunction. One of the most important findings of our research was that along with MELD score and CRP, vWF was significantly associated with death and that vWF was a significant predictor of mortality in all follow-up periods. 
Since MELD score is currently the most reliable short-term mortality predictor in cirrhotic patients, we compared the diagnostic efficacy of vWF to the diagnostic efficacy of MELD score. The ROC analysis in the study did not confirm a significant difference between the diagnostic performance of the two parameters, suggesting that the predictive value of vWF for mortality is similar to the predictive value of MELD score. Most studies in the literature that compared the diagnostic performance of the two parameters for mortality came across similar results[16,18]. The study of Kalambokis et al[17] demonstrated that the predictive performance of vWF for new-onset ascites and for variceal bleeding was stronger than that of MELD score, suggesting that in terms of liver disease complications, the procoagulant state could be a stronger determining factor than the severity of the liver disease. Previous research investigating the prognostic role of vWF defined cut-off values with the best sensitivity and specificity discriminating patients with significantly different prognoses[16-18]. Ferlitsch et al[18] defined a vWF cut-off value of 315% that stratifies patients with completely different survival. La Mura et al[16] defined vWF value of 216 U/dL, differencing two groups of patients with significantly different probability of survival without the occurrence of clinical events related to death and transplantation. Kalambokis et al[17] defined a vWF cut-off value of 392%, indicating significantly higher 3-year mortality in patients with liver cirrhosis. According to the ROC curves, we also defined cut-off values for mortality (207.15% for 3-mo, 199.85% for 6-mo, and 199.35% for 1-year mortality) that did not differ much between each other.
Regarding the complex pathogenesis of PH and its influence on liver disease progression, we tried to make a deeper insight into the role of ED and SI, into their mutual interaction, and also into their interaction with the numerous and complex hemostatic abnormalities within coagulopathy associated with chronic liver disease. In this context, we analyzed the relation between vWF and some biological variables that reflect SI or that are considered to have some prognostic potential in patients with liver cirrhosis. Our study showed that vWF was not only associated with CTP and MELD score, but it was also significantly associated with some other variable and prognostic indicators in these patients. 
Since our analysis confirmed a strong significant correlation only between vWF and D-dimer concentration, we wanted to analyze this relation more profoundly. D-dimer concentration is a specific indicator of fibrin turnover and the most widely used indicator of active coagulation and fibrinolysis. Hyperfibrinolysis is present in approximately one-third of cirrhotic patients[20], and in some of them, low-grade disseminated intravascular coagulation has also been registered[21]. It has been established that the abnormalities in the fibrinolytic system were more pronounced in patients with advanced, decompensated cirrhosis[20,22]. Still, the main dilemma regarding hyperfibrinolysis in these patients is whether it occurs mainly as a primary phenomenon or is induced secondarily as a response to activated coagulation, most commonly within disseminated intravascular coagulation. Previously reported data related to the prognostic relevance of D-dimer levels in cirrhotic patients have confirmed a significant association between elevated D-dimer concentration and liver dysfunction[22]. Although some authors suggest that the intense ascites reabsorption stimulates hyperfibrinolysis in patients with advanced disease[23,24] still, endotoxemia is probably the key factor that induces hyperfibrinolysis through endothelial activation and release of fibrinolytic substances[25]. It seems that the crucial role of ED in these developments may explain the relationship between elevated vWF and D-dimer concentration. In addition to the strong correlation, we also registered significantly higher vWF values in patients with elevated (> 500 µg/mL) D-dimer levels (355.9 ± 156.2 vs 205.2 ± 38.5, P = 0.0232). More importantly, our study also confirmed that elevated D-dimer levels were a significant predictor of 3-mo mortality (P = 0.003). Some previous studies have proven that in patients with liver cirrhosis elevated D-dimer levels were related to poor outcomes and high short-term mortality[26,27]. Still, as far as we are aware, elevated D-dimer levels have not been specifically related to 3-mo mortality previously. These findings confirm the important role of ED underlying the hemostatic abnormalities as well as the relation between ED, procoagulant tendency, and short-term mortality in cirrhotic patients.
Taking into account the important prognostic role of SI, especially in advanced disease, we analyzed the SIRS occurrence, its relation to CRP as SIRS indicator, and its relation to vWF as an indicator of ED. Considering the fact that ED and SI coexist and support each other, we assumed that SIRS would be accompanied by higher vWF values. On the contrary, the analysis did not confirm a significant difference between vWF values ​​in patients with and without SIRS (P = 0.7241). The positive linear correlation between CRP and vWF (r = 0.315) and the absent relation between vWF and SIRS mainly indicates that the applied ACCP / SCCM criteria for SIRS do not reflect the presence of SI adequately. Some previous studies have shown that ACCP/SCCM criteria are generally not suitable for use in cirrhotic patients[28,29], which has raised interest in CRP as an indicator of SIRS and also as a prognostic indicator in cirrhotic patients. According to some findings, elevated CRP in cirrhotic patients is not only a reliable indicator of active bacterial infection[30], but it may also reflect persistent low-grade SI even outside the context of active infection[6]. Moreover, one of the most significant limitations of MELD score is that the formula does not include a variable that reflects inflammation, such as leukocyte count or CRP, suggesting that MELD score does not take into account the presence of SI, a condition that from a prognostic point of view has great importance in cirrhotic patients[31]. Regarding the predictive value of CRP for mortality, our study confirmed that along with vWF and MELD score, CRP has been significantly associated with death and that CRP has been a significant mortality predictor in all three follow-up periods, which was the most important finding regarding this issue. The ROC analysis comparing the corresponding AUC values for mortality did not show a significant difference between the diagnostic efficacy of vWF and CRP, indicating that in cirrhotic patients vWF and CRP were a significant mortality predictor with a similar predictive value, which, according to our knowledge on this topic, has not been reported previously.
Elevated SF is registered in about 30% of patients with advanced liver disease, and it is mainly due to the release of ferritin from the damaged hepatocytes[32,33]. Previous research has shown a significant association between SF and almost all known predictors of poor outcome in decompensated patients (MELD score, CTP score, leukocyte count, sodium level, ACLF stages, spontaneous bacterial peritonitis, hepatic encephalopathy, hepatorenal syndrome)[34], but as far as we are aware, the relation between vWF and SF in cirrhotic patients has not been previously evaluated. Except for the significant positive correlation between vWF and ferritin (r = 0.360, P = 0.04), we also confirmed significantly higher vWF levels in patients with higher SF concentration (P = 0.0278). Despite the well-known relation between SF and liver cirrhosis, several studies have also confirmed the significant prognostic value of SF for mortality[32,33]. Walker et al[33] confirmed that SF was higher than 400 µg/L in all uncensored cirrhotic patients and that SF above 500 µg/L was an accurate predictor of 6-mo and 1-year mortality. The exact pathophysiological mechanism that explains this relation is not completely understood. It is presumed that an increased hepatic iron concentration promotes additional oxidative hepatocellular injury and also stellate cell activation, which can explain the ferritin involvement in the progression of liver disease and the relation between SF and mortality in cirrhotic patients[32]. Regarding mortality prediction, our study confirmed that in patients with liver cirrhosis SF was significantly associated with 1-year survival (P = 0.016) and that SF was a significant predictor of 1-year mortality (P = 0.015). Unlike some studies[32], our research did not confirm an association between SF and 3-mo and 6-mo mortality and a significant predictive value for short-term mortality in cirrhotic patients. 
It is known that chronic liver disease is related to high prevalence of vitamin D deficiency that according to some data might reach up to 90%[35]. It is also considered that vitamin D deficiency additionally worsens liver dysfunction; it is related to decompensation and has a negative impact on the prognosis and survival especially in advanced liver disease[36,37]. Our study confirmed that vitamin D concentration was significantly associated with 6-mo and 1-year survival and that vitamin D was a significant predictor of 6-mo mortality (P = 0.013). However, according to some data, the cut-off value that defines vitamin D deficiency (20 ng/mL) does not appear to be a significant risk factor in cirrhotic patients[36]. In this context, one study showed that mortality was significantly affected only when a vitamin D cut-off value of 6 ng/mL was applied[36]. Despite the well-established predictive value of vitamin D in cirrhotic patients, our study did not confirm a relationship between vWF and vitamin D deficiency. We did not show a significant correlation between vWF and vitamin D (r = 0.064) or significantly higher vWF values in patients with vitamin D deficiency (P = 0.0907). The negative prognostic influence of vWF in cirrhotic patients is mainly due to its prothrombotic potential, which is a factor for progression of PH. On the other hand, the prognostic potential of vitamin D is mostly due to its effect on the immune system. Hence, it seems that in this case, these two parameters are involved differently in the pathogenesis of liver disease progression, which may explain the absence of a direct association between them.

CONCLUSION
In patients with liver cirrhosis, vWF is elevated and significantly related to the stage of the disease and other prognostic and inflammatory indicators. vWF is significantly associated with death and is a significant predictor of 3-mo, 6-mo, and 1-year mortality similar to MELD score and CRP. The significant prognostic value of CRP in cirrhotic patients confirms the important prognostic role of SI in these patients and highlights the importance of recognizing the condition for more accurate mortality prediction. Although generally reflecting an increased prothrombotic state, hyperfibrinolysis and elevated D-dimer levels in these patients should be analyzed in relation to clinical presentation, stage of disease, and other hemostatic parameters. The significant interaction between the variables analyzed in the study has reflected the complex and dynamic interaction between ED, SI, and cirrhosis-related coagulopathy that occurs in patients with liver cirrhosis.

ARTICLE HIGHLIGHTS
Research background
Endothelial dysfunction (ED) and systemic inflammation (SI) play an important role in the pathogenesis of portal hypertension (PH). Von-Willebrand factor (vWF) is an indicator of ED that favors a prothrombotic state, and hence it is directly involved in the progression of PH. Although previous research confirmed its prognostic value in cirrhotic patients, its relation to other prognostic indicators has not been properly evaluated. By analyzing the relation between vWF and other biological variables with certain prognostic potential, our research provides an insight into the complex relation between ED, SI, and liver-disease related coagulopathy in cirrhotic patients. 

Research motivation
Although Model for End-stage Liver Disease (MELD) score is the most widely used prognostic score in cirrhotic patients, it does not take into account the presence of circulatory dysfunction or SI and it does not assess the coagulopathy properly. This raises the need for further research towards identifying new biological variables with certain prognostic potential in cirrhotic patients and evaluating their prognostic value for mortality. This could lead toward defining new prognostic scores or improve the predictive value of those currently in use. Recent researchers have suggested that some biological variables such as vWF, C-reactive protein (CRP), ferritin, and vitamin D possess certain prognostic potential in cirrhotic patients, but this area has not been widely investigated. 

Research objectives
We tried to analyze the relation between vWF and liver cirrhosis and the relation between vWF and several inflammatory indicators and other variables that have certain prognostic potential in cirrhotic patients. We also tried to evaluate the prognostic value of vWF and several parameters in terms of 3-mo, 6-mo, and 1-year mortality. 

Research methods
We conducted an analytic prospective study that enrolled 71 patients with liver cirrhosis and portal hypertension. At enrollment, we performed detailed examinations (abdominal ultrasound, complete blood count, biochemical blood analysis, basic hemostasis, D-dimer, vWF concentration) in order to assess the stage of the liver disease after which we followed the patients for 1 year. We analyzed the relation between vWF and chronic liver disease and between vWF and several prognostic and inflammatory indicators. We prospectively evaluated the prognostic value of vWF and several other variables (MELD score, CRP, ferritin, vitamin D, activated partial thromboplastin time, thrombin time, D-dimer concentration) in terms of 3-mo, 6-mo, and 1-year mortality, and we compared the diagnostic efficacy of vWF for morality to other significant mortality predictors.

Research results
Our study confirmed a significant relation between vWF and the stage of liver disease, CRP, ferritin, and D-dimer concentration. The study also confirmed that in patients with liver cirrhosis vWF, MELD score, and CRP were significantly related to 3-mo, 6-mo, and 1-year survival and significant predictors of 3-mo, 6-mo, and 1-year mortality. Our study did not confirm a significant difference between the diagnostic performance for mortality of vWF and MELD score and between the diagnostic performance of vWF and CRP.

Research conclusions
In patients with liver cirrhosis, vWF is a significant and relevant mortality predictor similar to MELD score and CRP, which highlights the important role of the ED in the pathogenesis of PH. Elevated CRP is a significant mortality predictor in patients with liver cirrhosis, which emphasizes the importance of recognizing the presence of SI for accurate mortality prediction. The relation between vWF and D-dimer concentration, ferritin, and CRP reflects the complex and dynamic interaction between ED, SI, and cirrhosis-related coagulopathy that occurs in patients with liver cirrhosis.

Research perspectives
Future research should be focused on identifying specific clinical settings in which vWF would have more accurate prognostic value.
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Figure Legends
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Figure 1 Significant positive linear correlation between von-Willebrand factor and C-reactive protein score, model for end-stage liver disease score, sequential organ failure assessment score, CLIF-C acute-on-chronic liver failure score, ferritin, C-reactive protein, international normalized ratio, and D-dimer level. vWF: von-Willebrand factor; CTP: Child-Turcotte-Pugh; MELD: Model for End-stage Liver Disease; ACLF: Acute-on-chronic liver failure; CRP: C-reactive protein; INR: International normalized ratio.
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Figure 2 Weak or insignificant correlation between von-Willebrand factor and Simplified Acute Physiology Score II score, vitamin D, A-a O2, hemoglobin, platelets, white blood cell, prothrombin time, activated partial thromboplastinin time, and thrombin time. vWF: von-Willebrand factor; SAPS: Simplified Acute Physiology Score; A-a O2:: Alveolar-arterial oxygen gradient; PLT: Platelets; WBC: White blood cell; PT: Prothrombin time; aPTT: Activated partial thromboplastinin time; TT: Thrombin time.
[image: ]
Figure 3 Receiver operating characteristic analysis of the diagnostic performance of von-Willebrand factor, model for end-stage liver disease score, and C-reactive protein for mortality. A: 3-mo mortality; B: 6-mo mortality; C: 1-yr mortality. The difference between the area under the curve (AUC) values for von-Willebrand factor (vWF) and model for end-stage liver disease (MELD) score and between the AUC values for vWF and C-reactive protein (CRP) regarding all three follow-up periods was not statistically significant (Z = 1.459; P = 0.1444 and Z = 1.063; P = 0.2876 for 3-mo mortality, Z = 1.385; P = 0.1662 and Z = 1.601; P = 0.547 for 6-mo mortality, Z = 1.276; P = 0.20192 and Z = 1.366; P = 0.1718 for 1-yr mortality, respectively). ROC: Receiver operating characteristic.

Table 1 Classification scores, von-Willebrand factor concentration, and biochemical and hemostatic parameters1
	Parameter
	n
	Mean ± SD
	Min
	Max
	Percentiles

	
	
	
	
	
	25th
	50th
	75th

	CTP score
	71
	8.94 ± 2.95
	5.00
	15.00
	6.00
	9.00
	11.00

	MELD score
	71
	19.72 ± 9.86
	6.00
	59.00
	11.00
	18.00
	25.00

	vWF (%)
	71
	346.18 ± 155.97
	150
	850
	214.00
	318.40
	410.10

	CRP (mg/L)
	71
	21.15 ± 27.50
	0.60
	116.50
	3.30
	9.70
	27.40

	Ferritin (ng/mL)
	62
	290.45 ± 354.33
	7.20
	1586.10
	47.50
	149.40
	464.30

	Vitamin D (ng/mL)
	46
	17.65 ± 13.31
	3.00
	62.24
	9.12
	11.89
	24.82

	D-dimer (µg/mL)
	69
	2558.4 ± 1645.1
	99.00
	4500.00
	969.90
	2420.70
	4427.00

	PT (s)
	71
	20.50 ± 14.71
	11.60
	133.20
	14.70
	17.57
	21.26

	aPTT (s)
	70
	43.99 ± 14.32
	23.56
	120.00
	35.53
	41.94
	48.07

	TT (s)
	70
	24.10 ± 7.08
	16.00
	59.00
	19.22
	22.94
	22.93

	PLT (109/L)
	71
	105.51 ± 60.52
	18.00
	311.00
	62.00
	91.00
	127.00

	WBC (109/L)
	71
	6.62 ± 3.43
	1.34
	23.20
	4.70
	6.20
	7.50

	Bilirubin (µg/mL)
	71
	84.73 ± 119.64
	8.00
	611.00
	25.30
	39.30
	83.00

	Albumin (µg/mL)
	71
	29.68 ± 7.88
	12.00
	46.00
	24.00
	29.00
	35.00

	Sodium (µg/mL)
	71
	135.65 ± 4.77
	117.00
	141.00
	134.00
	137.00
	138.00

	Creatinine (µg/mL)
	71
	106.02 ± 96.15
	41.00
	530.00
	61.30
	72.00
	105.40


1The values are expressed as mean ± standard deviation (SD). CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease; vWF: von-Willebrand factor; CRP: C-reactive protein; PT: Prothrombin time; aPTT: Activated partial thromboplastin time; TT: Thrombin time; PLT: Platelets; WBC: White blood cell.



Table 2 The relation between von-Willebrand factor and stage of disease, systemic inflammatory response syndrome, and other inflammatory and prognostic indicators1
	Parameter
	vWF
	P value

	
	n
	Mean ± SD
	Min
	Max
	Percentiles
	

	
	
	
	
	
	25th
	 50th
	75th
	

	CTP score

	Class A
	18
	258.0 ± 104.2
	150
	586
	190.0
	228.0
	276.0
	Kruskal-Wallis H test: Chi-square (2) = 10.8177; P = 0.0045a

	Class B
	25
	336.5 ± 122.5
	150
	650
	262.0
	341.0
	400.0
	

	Class C
	28
	411.5 ± 182.2
	198
	850
	246.0
	402.8
	560.0
	

	Class А/B = Mann-Whitney U test: Z = -2.191; P = 0.028a
Class А/C = Mann-Whitney U test: Z = -3.028; P = 0.002a
Class B/C = Mann-Whitney U test: Z = -1.639; P = 0.101

	MELD score

	Group 1
	9
	271.5 ± 106.3
	150
	513
	225.0
	257.0
	276.0
	Kruskal-Wallis H test: Chi-square (2) = 10.3357; P = 0.0057a

	Group 2
	33
	301.0 ± 115.9
	161
	650
	200.0
	296.0
	350.0
	

	Group 3
	29
	420.8 ± 179.7
	150
	850
	258.0
	409.0
	548.0
	

	Group 1/2 = Mann-Whitney U test: Z = -0.690; P = 0.507
Group 1/3 = Mann-Whitney U test: Z = -0.031; P = 0.029a
Group 2/3 = Mann-Whitney U test: Z = -2.942; P = 0.003a

	SIRS score

	SIRS (+)
	43
	339.2 ± 142.0
	150
	680
	200.0
	336.5
	409.0
	Mann-Whitney U test: Z = -0.3529; P = 0.7241

	SIRS (-)
	28
	356.9 ± 177.5
	150
	850
	216.0
	309.2
	410.8
	

	Ferritin (ng/mL)

	≤ 200
	39
	310.0 ± 140.7
	150.0
	650.0
	198.0
	262.0
	405.0
	Kruskal-Wallis H test: Chi-square (2) = 7.1653; P = 0.0278a

	200-400
	5
	343.3 ± 91.2
	253.0
	458.9
	258.0
	336.5
	410.1
	

	> 400
	18
	423.9 ± 171.0
	199.7
	850.0
	300.0
	400.5
	548.0
	

	≤ 200/200-400 = Mann-Whitney U test: Z = -0.292; P = 0.311
≤ 200/> 400 = Mann-Whitney U test: Z = -2.584; P = 0.010a
200-400/> 400 = Mann-Whitney U test: Z = -0.820; P = 0.446

	Vitamin D (ng/mL)

	≤ 20
	22
	279.8 ± 108.9
	150.0
	513.0
	199.7
	241.0
	344.0
	Mann-Whitney U test: Z = -1.6916; P = 0.0907

	> 20
	23
	372.0 ± 179.8
	161.0
	850.0
	214.0
	385.0
	458.9
	

	PLT (109/ L)

	≤ 100
	40
	350.8 ± 171.4
	161
	850
	207.2
	312.7
	412.1
	Mann-Whitney U test: Z = -0.02898; P = 0.9769

	> 100
	31
	340.2 ± 136.0
	150
	598
	239.0
	337.0
	405.0
	

	D-dimer (µg/mL)

	≤ 500
	6
	205.2 ± 38.5
	150
	262
	187.2
	203.5
	225.0
	Mann-Whitney U test: Z = 2.6407; P = 0.0083a

	> 500
	63
	355.9 ± 156.2
	150
	850
	216.0
	337.0
	411.5
	


1The values are expressed as mean ± standard deviation (SD). aP< 0.05. von-Willebrand factor (vWF) was significantly higher in higher Child-Turcotte-Pugh (CTP) class, model for end-stage liver disease (MELD) group, serum ferritin (SF) group and in patients with elevated D-dimer level. SIRS: Systemic inflammatory response syndrome; PLT: Platelets.

Table 3 Univariate Cox proportional model and univariate logistic regression analysis1
	Parameter
	Univariate Cox proportional model
	Univariate logistic regression analysis

	
	3-mo
	6-mo
	1-yr
	3-mo
	6-mo
	1-yr

	
	Sig.
	Exp (B)
	Sig.
	Exp (B)
	Sig.
	Exp (B)
	Sig.
	Exp (B)
	Sig.
	Exp (B)
	Sig.
	Exp
(B)

	vWF
	0.004a
	1.004
	0.005a
	1.006
	0.000a
	1.004
	0.008a
	1.005
	0.005a
	1.006
	0.002a
	1.007

	MELD
	0.000a
	1.144
	0.000a
	1.157
	0.000a
	1.116
	0.000a
	1.191
	0.000a
	1.157
	0.000a
	1.176

	CRP
	0.000a
	1.029
	0.001a
	1,044
	0.000a
	1.025
	0.001a
	1.044
	0.001a
	1.044
	0.002a
	1.046

	Vitamin D
	0.077
	0.923
	0.013a
	0.877
	0.040a
	0.939
	0.096
	0.918
	0.013a
	0.877
	0.061
	0.931

	Ferritin 
	0.119
	1.001
	0.333
	1.001
	0.016a
	1.001
	0.104
	1.001
	0.333
	1.001
	0.015a
	1.003

	aPTT
	0.000a
	1.050
	0.068
	1.052
	0.000a
	1.051
	0.059
	1.049
	0.068
	1.052
	0.067
	1.055

	TT
	0.258
	1.034
	0.588
	1.020
	0.426
	1.021
	0.292
	1.041
	0.588
	1.020
	0.529
	1.023

	D-dimer
	0.061
	1.000
	0.014a
	1.000
	0.059
	1.000
	0.003a
	1.001
	0.014
	1.000
	0.008
	1.000

	
	Dependent variable-survival in days; significant for aP < 0.05
	Dependent variable-mortality no/yes; significant for aP < 0.05


1von-Willebrand factor (vWF), model for end-stage liver disease (MELD) score, and C-reactive protein (CRP) were significantly associated with 3-mo, 6-mo, and 1-yr survival and significant predictors of 3-mo, 6-mo, and 1-yr mortality. aPTT: Activated partial thromboplastin time; TT: Thrombin time.
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