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Abstract 
Background: Bleeding esophageal varices (OVs) due to portal hypertension are one of the major 
complications with high mortality in liver cirrhosis. So, early detection and management are man- 
datory. Aim: To evaluate the role of Von Willebrand factor (VWF) in predicting the presence of OVs. 
Patients and Methods: 62 patients with liver cirrhosis representing different Child-Pugh classes 
were included. The diagnosis of liver cirrhosis was based on the combination of clinical, laborato-
ry and US examinations. All included patients underwent the following investigations: complete 
blood count, liver function tests (ALT, AST, serum bilirubin, albumin and total protein, prothrom-
bin time (PT) and concentration (PC), INR and serum alkaline phosphatase), serum creatinine, 
Von Willebrand factor antigen (VWF-Ag) measurement and abdominal US. Upper endoscopic eva- 
luation was done to detect presence or absence of varices (esophageal or gastric) and/or PHG. 
Results: 38 males and 24 females with their mean age (46 ± 12 years old) were included. Plasma 
Von Willebrand factor-Ag level was significantly higher in patients with OVs than those without 
varices (P value = 0.000). Also, its level was significantly higher in patients with higher grade of 
OVs, G3 than those with G1 or G2 (P value = 0.000). Patients with large OVs including those with G2 
and G3 showed significantly higher values of VWF than those with small OVs (NO and G1) (P value 
= 0.000). VWF was independent predictor for detecting the presence of OVs with good sensitivity 
(90), specificity (77.3) and accuracy (85.5) at a cutoff value of 1.74 U/ml. Also it was an indepen-
dent predictor for detecting the presence of large OVs with good sensitivity (91.2), specificity (85.7) 
and accuracy (88.7) at a cutoff value of 2.16 U/ml. Conclusion: VWF-Ag could be used as a non in-
vasive laboratory independent predictor for the detection of OVs. 
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1. Introduction 
Portal hypertension (PHT) is the most important consequence of cirrhosis and its presence is a hard endpoint for 
clinically relevant outcomes in terms of varices, ascites, hepatorenal syndrome, and encephalopathy [1]. Vari-
ceal hemorrhage is a major cause of mortality in patients with portal hypertension [2]. 

Searching for noninvasive biomarkers for PHT is of considerable interest; VWF, P-selectin, and 8-iso-PGF2a 
have been identified as surrogate markers of endothelial dysfunction and levels of these factors are increased in 
patients with cirrhosis compared with controls. In patients with PHT, VWF levels significantly correlated with 
HVPG, Child-Pugh, and MELD scores. In addition, peripheral VWF levels with a cut-off value of 216 U/dL 
(Youden index) were also predictive of clinical outcomes (PHT-related events and liver transplantation) [3]. 

VWF is a large multimeric protein with a crucial role in primary hemostasis in healthy subjects, as evidenced 
by the severe bleeding tendency associated with complete VWF deficiency [4]. Conversely, elevated levels of 
VWF are associated with arterial thrombosis [5]. 

Because VWF-Ag plays a crucial role in primary hemostasis and is an indicator of endothelial activation and 
development of thrombotic vascular obliteration, these are considered as possible mechanisms leading to PHT 
[6]. 

Previous studies in patients with liver cirrhosis and portal hypertension reported that: plasma level of VWF- 
Ag is significantly higher with more progression and impairment of the condition and in patients with esopha-
geal varices and in patients with clinically significant PHT (hepatic venous pressure gradient = HVPG ≥ 10 
mmHg) [7] [8]. 

2. Aim of the Work 
To assess the level of plasma VWF-Ag in cirrhotic patients with and without OVs and to evaluate its role in pre-
dicting the presence of OVs and large varices. 

2.1. Patients and Methods 
62 patients with liver cirrhosis representing different Child-Pugh classes were included in the current study. The 
diagnosis of liver cirrhosis was based on the combination of clinical, laboratory and US examinations. Blood 
pressure, pulse rate and body temperature measurements for all included patients were in normal ranges. Patients 
with possible diseases which may be responsible for high VWF Ag levels including; cardiac failure, diabetes, 
hypertension, hyperlipidemia, renal failure, pregnancy and patients with infectious symptoms at the time of 
sampling, were excluded. Patients with malignancy, patients on physical training or under IFN therapy and pa-
tients refused to participate in the study were also excluded. 

Methods: all included patients in this cross sectional study underwent the following investigations: complete 
blood count, liver function tests (ALT, AST, serum bilirubin, albumin and total protein, prothrombin time (PT) 
and concentration (PC), INR and serum alkaline phosphatase) and serum creatinine. Abdominal US was done to 
confirm the diagnosis of liver cirrhosis; detect the size of the liver and the spleen and measure the diameter of 
the portal and splenic vein. Upper endoscopic evaluation (using Olympus, GIF-XQ260 instrument) was done for 
all included patients. Presence or absence of varices (esophageal or gastric) and/or PHG were detected. The size 
of OVs was graded as described by Beppu et al. (1981) into grade 1: enlarged but straight varices, grade 2: en-
larged tortuous varices and grade 3: coiled shaped markedly enlarged varices [9]. 

Laboratory work: About 7 ml blood were obtained from each patient by venipuncture; two ml on EDTA tube 
for CBC (using Sysmex KX21; Sysmex corporation), 1.8 ml on 3.2% sodium citrate (9:1, v/v) to obtain plate-
let-poor plasma, samples were centrifuged twice at 2000 g for 15 minutes for the determination of PT, PC and 
INR (using Siemens coagulometer, Germany) and for VWF-Ag assay plasma was separated aliquoted and stored 
at −80˚C till used and the rest were put in a plain vacutainer for determination of liver function and renal func-
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tion tests (using Cobas C311, Roche diagnostics). 
VWF-Ag measurement: using TECHNOZYM® VWF-Ag ELISA; based sandwich technique, cat no 5450201 

(Technoclone Vienna, Austria). Normal range for VWF-Ag is between 0.5 - 1.5 U/ml (50% - 150%). 

2.2. Ethical Approval 
Approval of the research was obtained from the Faculty Ethical Committee and written consent was obtained 
from each subject before the start. 

2.3. Statistical Analysis 
Data entry and analysis were done using statistical package of social science (SPSS) version 16. The data are 
presented as means ± SD and number, (%). Statistical methods included independent t-tests and One-Way 
ANOVA test were used for comparison between groups. Logistic regression analysis was done to detect the in-
dependent predictors for statistically significant variables. ROC curve was performed to assess the value of 
VWF in predicting the presence of OVs and large varices. P value < 0.05 was considered statistically significant. 

3. Results 
1) Demographic data for all patients: 62 patients with liver cirrhosis were recruited for the current study; 38 

males and 24 females with their mean age 46 ± 12 years old. Jaundice was found in 8 (13%) patients, history of 
haematemesis was detected in 13 (21%) patients, hepatic encephalopathy in 12 (19.4%) patients and ascites in 
22 (35.5) patients (Table 1). 

2) Characteristic endoscopic data for the studied patients: absence of OVs (NO) was found in 22 (35.5%) pa-
tients and presence of OVs were found in 40 (64.5%) patients; 12 (19.3%) patients were G1, 14 (22.6%) were 
G2 and 14 (22.6%) were G3. Gastric varices were found in 5 (8%) patients and portal hypertensive gastropathy 
in 40 (64.5%) patients (Table 2). 

3) Laboratory data for all patients: liver function tests including: serum bilirubin, total protein and albumin, 
liver enzymes (ALT and AST), prothrombin time and concentration, INR, alkaline phosphatase and platelet 
count in patients with and without varices are illustrated in Table 3. Only serum bilirubin was significantly 
higher in patients with varices than those without (P value = 0.04). No statistically significant difference was 
detected in the other parameters (Table 3). Child-Pugh score showed no significant difference between both 
groups so, plasma level of VWF-Ag not affected by this score in the current study. 
 

Table 1. Demographic data for all studied patients. 

Variable Number (%) (total = 62) 

Age 46 ± 12 

Gender  

Male 38 (61.3) 

Female 24 (38.7) 

History  

Jaundice 8 (13) 

Haematemesis 13 (21) 

Encephalopathy 12 (19.4) 

Ascites 22 (35.5) 

Child-Pugh Class  

A 30 (48.4) 

B 20 (32.2) 

C 12 (19.4) 

Data are expressed as number (%) or mean ± SD. 
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Table 2. Upper endoscopic data for all studied patients. 

Variable Number (%) (total = 62) 

Esophageal varices  

No 22 (35.5%) 

G1 12 (19.3%) 

G2 14 (22.6%) 

G3 14 (22.6%) 

Gastric varices 5 (8%) 

Portal gastropathy  

Yes 40 (64.5%) 

No 22 (35.5%) 

Data are expressed as number, (%). 
 

Table 3. Laboratory data for patients with and without varices. 

Variable No varices (n = 22) Varices (n = 40) P value 

Bilirubin (mg/dl) 1.72 ± 2.40 2.18 ± 2.78 0.04 

ALT (IU/L) 46.5 ± 19.56 64.30 ± 50.32 NS 

AST (IU/L) 49.4± 37.564 80.20 ± 54.35 NS 

Albumin (g/dl) 3.10 ± 0.89 2.43 ± 0.66 NS 

Protein (g/dl) 6.76 ± 1.2 6.25 ± 1.1 NS 

PT(sec) 14.32 ± 3.43 16.50 ±2.45 NS 

PC (%) 63.16 ± 13.32 57.6 ± 12.7 NS 

INR 1.62 ± 0.81 1.44 ± 0.22 NS 

ALP (IU/L) 92.4 ± 26.89 122.13 ± 79.36 NS 

Platelets (cell/mm3) 155.5 ± 109.52 115.13 ± 78.87 NS 

Child-Pugh score 8.9 ± 1.5 9.5 ± 1.2 NS 

Data are expressed as mean ± SD. P value < 0.05 = significant. NS: non-significant. Un-
paired student’s t test was used in analysis. 

 
4) Plasma Von Willebrand factor-Ag level: It was significantly higher in patients with OVs than those without 

varices (P value = 0.000). Also, its level was significantly higher in patients with higher grade of OVs; G3 than 
those with G1 or G2 (P value = 0.000). Patients with large OVs including those with G2 and G3 showed statis-
tically significantly higher values of VWF than those with small OVs (NO and G1) (P value = 0.000) (Table 4) 
and (Figure 1). A statistically significant positive correlation was detected between the grade of OVs and Von 
Willebrand factor-Ag level (rho = 0.712 and P value = 0.000) regardless to the Child-Pugh class of the patient 
(Figure 2). 

5) Plasma Von Willebrand factor-Ag level and prediction of the presence of OVs: 
Detection of OVs: VWF was independent predictor for detecting the presence of OVs with good sensitivity 

(90%), specificity (77.3%) and accuracy (85.5%) when its cutoff value was at 1.74. ROC curve showed that 
AUC was 0.922 (Table 5) and (Figure 3). 

Detection of large OVs: VWF was independent predictor for detecting the presence of large OVs with good 
sensitivity (91.2%), specificity (85.7%) and accuracy (88.7%) when its cutoff value was at 2.16. ROC curve 
showed that AUC was 0.973 (Table 5) and (Figure 4). 
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Table 4. VWF-Ag level according to presence, grade and size of varices. 

Von Willebrand factor-Ag level (U/ml) mean ± SD* P value 

Esophageal varices   

No 1.272 ± 0.378 0.000 

Yes 2.492 ± 0.891  

Grade of varices   

G1 1.635 ± 0.370  

G2 2.50 ± 0.397 0.000 

G3 3.216 ± 0.930  

Size of varices   

Small (NO-G1) 1.453 ± 0.347 0.000 

Large (G2-G3) 2.858 ± 0.663  

*Unpaired student’s t-test and One way ANOVA test were used. P value < 0.05 = significant. 
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Figure 1. VWF level in patients with (G1, G2 and G3) and without esophageal varices. 

4. Discussion 
Ruptured OVs as a complication of portal hypertension is considered one of the major causes of death in cirr-
hotic patients and 30% of patients with liver cirrhosis will experience an episode of variceal hemorrhage within 
one year of diagnosis of varices [10]. 
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Figure 2. Correlation between the grade of esophageal varices and plasma Von Willebrand factor-Ag level (rho = 0.712 and 
P value = 0.000). 
 
Table 5. Logistic regression analysis for the Performance of VWF in prediction of presence of OVs and their sizes. 

VWF-Ag Sensitivity Specificity Accuracy P value AUC Cutoff value Odds ratio 

Presence of varices 90% 77.3% 85.5% 0.000 0.922 1.74 0.452 

Presence of large varices 91.2% 85.7% 88.7% 0.000 0.973 2.16 0.383 

 
Different predictors for the detection of OVs with variable degrees of accuracy were evaluated; including la-

boratory and imaging techniques. Doppler US for hepatic hemodynamic also was evaluated in this field [11]. 
In the current study we evaluated the plasma level of VWF-Ag in patients with and without varices and in 

those with small and large varices to determine its possible role as a laboratory noninvasive marker in predicting 
the presence of varices and to get cutoff value for predicting those with large varices. 

VWF-Ag was significantly higher in patients with OVs than those without varices and its level was signifi-
cantly higher in patients with higher grade of OVs. The elevated levels of VWF in cirrhosis may be a conse-
quence of endothelial perturbation, possibly caused by bacterial infection [12]. Another possible mechanism of 
elevated VWF in cirrhosis is induction of synthesis of VWF in the liver with cirrhosis itself [13], or reduced liv-
er-mediated clearance resulting from decreased expression or activity of ADAMTS13 (VWF-Ag cleaving pro-
tease) [14] which may further increase VWF-Ag levels in patients with cirrhosis with PHT. Yilmaz et al. re-
ported that plasma VWF-Ag level increase in cirrhotic patients and this is more pronounced with higher stages 
of cirrhosis according to Child-Pugh score [7]. Wu et al. reported that the VWF is a noninvasive predictor of 
portal hypertension and OVs in patients with cirrhosis and increased levels of VWF in liver tissues may induce 
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Figure 3. ROC curve for VWF in predicting the presence of OVs, AUC = 0.922. 
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Figure 4. ROC curve for VWF in predicting the presence of large OVs, AUC = 0.973. 
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the elevated plasma VWF levels [15]. 
Also we found that patients with large OVs showed significant higher values of VWF than those with small 

varices. Ferlitsch et al. reported that VWF-Ag correlated with HVPG (r = 0.69; P < 0.0001) and predicted clini-
cally significant portal hypertension independently of Child Pugh score and higher VWF-Ag levels were asso-
ciated with varices [8]. Ghweil et al. reported that VWF-Ag level was higher in patients with bleeding varices 
than those without bleeding and its value was independent predictor of esophageal variceal bleeding [16]. 

In the current study the cutoff value of VWF for the presence of OVs was 1.74 U/ml. So, any cirrhotic patient 
with increased VWF value higher than that value should be screened by endoscopy for detecting the presence of 
OVs. Our results showed that the cutoff value of VWF-Ag for detecting large varices was 2.16 U/ml. So, the 
priority of urgent endoscopic intervention for cirrhotic patients presenting with haematemesis should be directed 
to those with value higher than 2.16 U/ml. The use of this marker might be of great value especially in endemic 
areas with large number of patients admitted with haematemesis attack and the limited number of endoscopic 
units with low facilities. 

The limitation of this study was the inability to measure the hepatic venous pressure gradient as it is an inva-
sive maneuver and not available in our locality. 

5. Conclusion 
VWF-Ag could be used as a non invasive laboratory independent predictor for the detection of OVs which may 
help in reducing the number of unnecessary endoscopies. 
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PHT: Portal Hypertension;  
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