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Abstract

Aim of the study: To evaluate the role of plasma level of von Willebrand factor antigen (VWF-Ag) as a possible
predictor for the presence of esophageal varices (EVs) in children with chronic liver diseases (CLDs).

Material and methods: All patients underwent upper esophagogastroduodenoscopy (EGD) and were catego-
rized as group | (had EVs) and group Il (had no EVs). The following patient data were determined: Child-Pugh
score (CPS), plasma vWF-Ag, vWF-Ag/thrombocyte ratio (VITRO) score, aspartate transaminase (AST) to platelet
ratio index (APRI) score, AST/alanine transaminase (ALT), platelet count/spleen diameter, grading of EVs (small,
medium and large) and categorizing the stage of liver fibrosis.

Results: The analysis included 50 patients with CLD; 30 (60%) were female. The commonest etiological diag-
noses were autoimmune hepatitis (AIH) (20%) and extra-hepatic biliary atresia (EHBA) (12%). 26% of cases
were categorized as undiagnosed CLD. The CPS showed CPS-A 34%, CPS-B 44% and CPS-C 22%. The vWF-Ag
was found at a high level of 243.52 +195.97, with a highly statistically significant difference in discriminating
the EVs with 74% accuracy at a cut-off value of 108.99 1U/ml, p < 0.0001. Also, ROC analysis was performed
for discriminating large esophageal varices with 84% accuracy at a cut-off value of 475.85 mg%. The VITRO
score at a cut-off value of 1.72 could detect EVs with 70% sensitivity, 86.7% specificity, and 80% accuracy.
Conclusions: High VWWF-Ag is a valuable prognostic tool for estimating the presence of EVs, and higher vWF-Ag
is associated with increased grade of EVs.
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Introduction

Cirrhosis is a pathologic condition characterized by
fibrosis of the liver parenchyma and evidence of regen-
erative activity, resulting in portal hypertension (PH)
[1]. PH is the underlying pathophysiological process
that leads to the formation of porto-systemic collat-
erals and heralds the onset of a severe complication,
e.g. variceal hemorrhage. The presence of varices also

indicates disease progression and worse prognosis in
compensated patients. Esophageal varices (EVs) are
present only in about 30% of patients with compen-
sated and 60% with decompensated cirrhosis. Their
presence usually correlates with the severity of liver
disease [2].

Despite the therapeutic advances achieved in the
last decades, bleeding from EVs is the most feared
complication of PH, still carrying the highest mortali-
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ty rates of any of the major causes of bleeding [3]. It is
estimated that approximately 50% of pediatric patients
with chronic liver disease will experience gastrointesti-
nal bleeding [4]. Esophagogastroduodenoscopy (EGD)
is considered the primary modality for detection and
surveillance of EVs and to determine the risk of bleed-
ing. The guidelines for adult and pediatric cirrhotic
patients recommend universal EV screening by EGD
at the time of the diagnosis of cirrhosis [5].

Von Willebrand factor is a large, multimeric and
highly glycosylated protein which plays a crucial role
in both primary hemostasis, by mediating platelet ag-
gregation and adhesion to the sub-endothelium at sites
of vascular lesions, as well as in blood coagulation by
acting as the blood carrier of factor VIII [6]. It is re-
leased by activated endothelial cells, so it is considered
as an indicator of endothelial activation and develop-
ment of thrombotic vascular obliteration and the pos-
sible mechanism of PH [7].

The aim of this study was to evaluate the role of plas-
ma level of von Willebrand factor antigen (VWF-Ag)
as a possible predictor for the presence of EVs in chil-
dren with chronic liver diseases.

Material and methods

Patients’ recruitment

This study included 50 patients with chronic liver
diseases (CLDs), attending the outpatient clinic and
inpatient of the Pediatric Hepatology, Gastroenterolo-
gy and Nutrition Department, National Liver Institute,
Menoufia University, over a period from July 2016 to
June 2017; 30 were female and 20 male. Their mean age
+ SD was 6.5 +5.3 years.

Signed informed consent was obtained from the
parents of all the patients before enrollment in this
study. The study was approved by the Research Ethics
Committee of the National Liver Institute. (National
Liver Institute IRB number 00128/2017).

Inclusion criteria: All patients with CLDs (the dis-
ease duration is more than 6 months) referred to the
Pediatric Hepatology, Gastroenterology and Nutrition
Department, undergo for the first time diagnostic EGD
with no previous intervention endoscopic maneuver.

Exclusion criteria: Patients documented having
EVs and on sclerotherapy, patients who received
medical treatment as primary prophylaxis for esoph-
ageal variceal bleeding, patients with cardiopulmo-
nary failure, patients with renal failure, patients who
presented with active infection and well-known cases
of yWF-Ag.

All the patients were subjected to full history taking
and thorough clinical examination, and laboratory in-
vestigations in the form of:

1. Liver function tests: All patients had liver func-
tion tests: aspartate transaminase (AST), alanine trans-
aminase (ALT), alkaline phosphatase (ALP), y glu-
tamyl-transferase (GGT), total bilirubin (TB) direct
bilirubin (DB), total proteins (TP) and albumin; these
tests were carried out using an Integra 400 auto analyzer
(Roche Diagnostics Corporation 9115, Hague Road, In-
dianapolis, USA). Prothrombin time, concentration and
INR: It was done using Thrombrel-S (human throm-
boplastin containing calcium). Complete blood count
(CBC): hemoglobin (Hb), red blood cells (RBCs), white
blood cells (WBCs), mean platelet volume (MPV),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular hemoglobin
(MCHC); these tests were carried out using a Sysmex
automated hematology analyzer. C-reactive protein:
It was done by Sysmex Counter K-1000, Japan, cata-
logue number: A 5873. Blood group: It was done by col-
umn agglutination technique using glass beads.

2. Plasma level of vWF-Ag: The concentration of
(VWF-Ag) in plasma samples from patients and from
normal persons was evaluated using Enzyme-Linked
Immunosorbent Assay for human vWF-Ag Test Kit,
catalog no. (VWF-Ag Kit 034-001) GS1 (Corgenix
Medical Corporation, USA).

3. Abdominal ultrasonography and Doppler: It was
done by real time ultrasound and Doppler equipment
with a 3.5 MHz Aloka SSD 680, Tokyo, Japan, to assess
the size and echo pattern of the liver, the size of the
spleen, the presence of ascites. The proper PV velocity,
hepatic vein (HV) velocity and HA resistive index were
scanned proximal to the porta hepatis during suspend-
ed respiration.

4. Liver biopsy: A US guided liver biopsy was per-
formed whenever possible, by Tru-Cut needle of a size
of 14 gauge x 20 cm after sedation of patients. Biopsy
specimens were fixed in formalin, embedded in paraf-
fin and the prepared slides were stained with hematox-
ylin and eosin, Masson’s trichrome, Orcein, and Perl’s
stains for routine histopathological evaluation. The liv-
er biopsies were analyzed according to the Ishak Classi-
fication, fibrosis was classified into no fibrosis (stage 0),
mild (stage 1), moderate (stages 2-3), and severe fibro-
sis or cirrhosis (stages 4-6). Then stages of fibrosis were
classified as stages 1 and 2 (preserved hepatic architec-
ture), stages 3 and 4 (partially disturbed hepatic archi-
tecture) and stages 5 and 6 (disturbed hepatic archi-
tecture) [8].

5. Upper endoscopy: Complete examination for
esophagus, stomach and duodenum using an Olym-

430

Clinical and Experimental Hepatology 4/2021



Von Willebrand factor and esophageal varices

pus GIF-H170 device with light source CLV-U40 and
processor CV-240.

6. According to the endoscopic findings, patients
were classified into two groups: group I - patients who
had EVs, group II - patients who had no EVs.

Grading of EVs when found was done according to
the North Italian Endoscopy Club (NIEC) classifica-
tion as follows [9]:

o grade I: Variceal diameter less than 2 mm, disappear
with esophageal lumen insufflation,

o grade II: Varices of similar diameter, clearly visible
in the esophageal lumen,

o grade III: Varices of 3-4 mm, prominent in the eso-
phageal lumen,

o grade IV: Variceal diameter 5 mm or more, tortuous,

o grade V: Red color signs.

Grades I and II were classified as small varices,
grade III was classified as medium size varices while
grade IV was classified as large varices.

Statistical analysis

The data collected were tabulated and analyzed by
SPSS Statistics, version 21 on an IBM compatible com-
puter [9]. Quantitative data were expressed as mean
and standard deviation (X +SD) and analyzed by ap-
plying the Mann-Whitney U test for non-normally dis-
tributed variables. The Kruskal-Wallis test was used for
comparison of more than two groups of non-normally
distributed variables. Qualitative data were expressed
as number and percentage (no. and %) and analyzed
by applying the ¥* test. Spearman correlation (r) was
used to detect associations between quantitative vari-
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ables. All these tests were used as tests of significance
at p < 0.05.

Results

The present study included 50 children with
CLDs; 30 (60%) patients were female and 20 (40%)
were male. All patients underwent EGD for the first
time. Regarding the etiology in both groups, revision
of medical files of all patients revealed that 20% were
diagnosed with autoimmune hepatitis (AIH) treated
with prednisolone and azathioprine, 12% extra-hepa-
tic biliary atresia (EHBA) treated by Kasai operation,
10% Wilson disease treated with D-penicillamine,
12% congenital hepatic fibrosis treated with ur-
sodeoxycholic acid, 8% Caroli disease treated
with ursodeoxycholic acid, 8% progressive famil-
iar intrahepatic holestasis (PFIC) treated with ur-
sodeoxycholic acid. Tyrosinemia treated with ur-
sodeoxycholic acid and galactosemia treated with
lactose free diet represented 2% for each, while
26% were categorized as undiagnosed CLD.

The majority of patients (78%) were classified as
Child-Pugh score (CPS)-A and CPS-B, while (22%)
were CPS-C. According to the endoscopic examina-
tion results, 40% of the studied group had EVs while
60% had no EVs.

Liver biopsy was done only for 33 because of coag-
ulopathy and it was found that 18 patients had partial-
ly disturbed hepatic architecture while 8 patients were
found to have preserved and disturbed hepatic archi-
tecture for each.
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Fig. 1. A) Box and whisker graph of plasma vWF-Ag level in group I and group II. B) Box and whisker graph of plasma vWF-Ag level at different stages of liver

fibrosis
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Table 1. Correlation between vVWF-Ag and patients’ parameters

Table 2. Comparison of AST/ALT, APRI score, platelet count/spleen diameter
and VITRO in patients in group | and group Il

Parameters vWF-Ag
t p Parameters EV P-value
Age (years) 0.141 0.156 Group | Group I
(n = 20) (n = 30)
T8 (mg/dl) 0.192 0.049
AST/ALT 1.88 £0.99 2.08 £1.51 0.729
DB (mg/dl) 0.141 0.150
APRI score 3.91 £3.67 4.47 £7.59 0.482
TP (g/dl) -0.202 0.040
Platelet count/spleen 2.14 +4.25 2.67 +3.14 0.118
Alburin (g/dl) 0332 0.001 diameter
AST (/1) ~0.014 0887 VITRO score 3914363 1034102 00001
ALT (U/) -0.099 0311
ALP (U/1) -0.032 0.744 Table 3. Plasma vWF-Ag level at different upper endoscopic findings in group
GGT (U/) 0.034 0725 | patients
Urea (mg/dl) 0.057 0.563 Parameters n=20 v WF-Ag P-value
Creatinine (mg/dl) -0.022 0.821 Mean £SD
Hemoglobin (g/dl) -0.103 0.295 Gradesof ~ Grade land Il 10 250.78 +158.53 0.025
RBC (10°/4l) 0.039 0.696 esophageal _ (small
WBC (1074 0176 0.072 vances Grade Il 8 47144 +187.44
(medium)
Platelet (10%/pl) -0.196 0.046
Grade IV (large) 2 542.33 +52.95
MPV (f) 0.082 0.418
MCV (fl) 0.034 0.732
Our results showed that plasma vWF-Ag had
MCH (pg) 0.066 0.498 . o . o
a negative statistically significant correlation with total
MCHC (g/dl) 0.119 0.234 protein, serum albumin, platelet count and PV flow,
CRP (mg/1) -0.043 0.668 but it had a positive statistically significant correlation
PT (s) 0.124 0.206 with total bilirubin level (p < 0.05) (Table 1).
PC (%) -0.085 0.384 It was found that VITRO score was higher in group I
INR 0.144 0.143 than group II, with a highly statistically significant
Liver size 20030 0.768 diffe;ence (.p < (zi.OOOIA), while AST/A;JT 1ratilo, AST to
Portal v 0051 Y platelet fatlo index (APRI) score and platelet count/
- spleen diameter score were evaluated between the two
Spleen size 0.144 0.147 . . L
groups regarding these parameters, with no statistical-
PV flow (cm/s) 0334 0.027 ly significant difference (p = 0.05) (Table 2).
HVs flow (cm/s) -0.046 0.764 On correlating the grades of the EV's with the plas-
HA Resistive Index 0.216 0.154 ma level of VWEF-Ag, it was found that the mean +SD

ALT - alanine aminotransferase, ALP - alkaline phosphatase, AST - aspartate aminotransferase,
GGT -y glutamyl-transferase, DB - direct bilirubin, Hb — hemoglobin, HAs - hepatic arteries,
HVs ~ hepatic veins, MPV ~ mean platelet volume, MCV ~ mean corpuscular volume,

MCH — mean corpuscular hemoglobin, MCHC — mean corpuscular hemoglobin, PV - portal
vein, RBCs - red blood cells, TB ~ total bilirubin, TP - total proteins, WBCs - white blood cells

The mean +SD of plasma vVWF-Ag level was high-
er in group I (368.2 +199.8 IU/ml) than group II
(160.4 +144.4 TU/ml) with a highly statistically signif-
icant difference (p < 0.0001). The mean +SD of plas-
ma VWF-Ag increased with increased degree of fibro-
sis, with a statistically significant difference (p < 0.05)
(Fig. 1). Also, the mean +SD of plasma vWEF-Ag level
was found to be higher in patients with a non-O blood
group than that in patients with a O blood group, with
a statistically significant difference (p < 0.05).

of plasma vVWEF-Ag level increased with grade of the
EVs, with a statistically significant difference (p < 0.05)
(Table 3 and Fig. 2).

Plasma vWEF-Ag level at a cut-off value of 108.99
IU/ml could discriminate patients having EVs from
patients without EVs with 90% sensitivity, 63.3% spec-
ificity and accuracy of 74%. In this study, vVWF-Ag
level at a cut-off value of 475.85% could discriminate
patients with large varices from patients having small
or medium sized varices, with 100% sensitivity and
83.33% specificity (Fig. 3).

The VITRO score at a cut-off value of 1.72 could
discriminate patients having EVs from patients with-
out EVs with 70% sensitivity, 86.67% specificity and
accuracy of 80% (Fig. 4).
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Fig. 2. A) No esophageal varices in 13-year-old female patient with autoimmune hepatitis; her plasma vWF-Ag level was 51.93 [U/ml. B) IV cords small
esophageal varices in 2-year-old male patient with congenital hepatic fibrosis; his plasma vVWF-Ag level was 254.77 IU/ml. C) IV cords large esophageal varices
in 1.5-year-old male patient with extra-hepatic biliary atresia; his plasma vWF-Ag level was 579.77 IU/ml

A VWF-Ag
100 —
80
60—
E
2
2 r
&
40—
n AUC: 0.828
- Sensitivity: 90%
- Specificity: 63.33%
20— Cut-off: 108.99
B PPV: 62.1
B NPV: 90.5
B Accuracy: 74
o
I T N T N T AT T T [T T H I B |
0 20 40 60 80 100
100-Specificity

B VWF-Ag
100

o

Sensitivity
T

L AUC: 0.891
- Sensitivity: 100
L Specificity: 83.33%

20— Cut-off: 475.85
r PPV: 20
B NPV: 100
0'_ 4 Accuracy; 84
Lo by v by b by oy |
0 20 40 60 80 100
100-Specificity

Fig. 3. A) Area under the ROC curve of plasma VWF-Ag level for discrimination of esophageal varices. B) Area under the ROC curve of plasma vWF-Ag level

for discrimination of large esophageal varices

Discussion

In the current study, the majority of patients had
undiagnosed CLD (26%) and AIH (20%), in gener-
al agreement with the study of Thajeel et al. [10], in
which biliary atresia and undiagnosed CLD were the
major etiologies among their study patients, while
Pugliese et al. [11] reported biliary atresia, AIH and
al-antitrypsin deficiency as major causes of CLD in
their study.

We found that patients categorized as CPS-B
formed the highest percentage (44%), followed by
CPS-A and CPS-C, in agreement with Thajeel et al.
[10], who reported the highest percentage of their
pediatric study group as CPS-B (49%) in contrast to
32% and 19% as CPS-A and C, and in the study of
Mabher et al. [12] groups A, B and C comprised 26.7%,
50% and 23.3%, respectively.

VITRO score
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Fig. 4. Area under the ROC curve of VITRO score for discrimination of eso-
phageal varices
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According to upper endoscopic findings, 40% of
patients were classified as group I (patients had EVs)
and 60% as group II (patients had no EVs), which was
generally in agreement with Dell’Era et al. [13] and
Hanquinet et al. [14], who documented that EVs were
found in about 50% and 54% of their pediatric popu-
lation. Also D’Amico et al. [15] and Garcia-Tsao et al.
[16] reported similar results but in adult patients with
CLD. On the other hand, some studies reported high
prevalence rate of EVs in patients with CLD, such as
Sezer et al. [17], who documented that EV's were found
in 70% of their patients. Different age groups and
degrees of compensation may explain the prevalence
of variability.

Ghweil et al. [7] and Yilmaz et al. [18] reported
that plasma vWF-Ag level increases in adult cirrhotic
patients and this is accompanied by higher stages of
cirrhosis according to CPS. Wu et al. [19] and Ferlitsch
et al. [20] reported that vWF is a noninvasive predic-
tor of PH and EVs in patients with cirrhosis, at cut-off
values of 141 IU/ml and 241 IU/ml, respectively, and
increased levels of vVWTF in liver tissues may induce ele-
vated plasma vWF levels, supporting our results which
reported a high vVWF-Ag level of 368.2 (£199.8) IU/ml
in group I in comparison with its mean of 160.4
(+x144.4) IU/ml in group II, with a highly statisti-
cally significant difference between the two groups
(p < 0.0001) (Table 3 and Fig. 4), with a cut-off value
of 108.99 TU/ml discriminating patients having EV's
from patients without EVs (Fig. 3A).

In the present study, the vVWEF-Ag cut-off value of
475.85 IU/ml could discriminate patients with large
varices from patients having small or medium sized
varices, with 100% sensitivity and 83.33% specificity
(Fig. 3B), in accordance with Mahmoud et al. [21],
who found that plasma vVWF-Ag was an independent
predictor for detecting the presence of large EVs with
good sensitivity (91.2%) and specificity (85.7%).

In the current study, we found that vWE-Ag lev-
el was lower in patients with blood group O, 121.37
(£74.27) TU/ml, than its mean in the non-O blood
group, 282.09 (+207) IU/ml, with a statistically signitf-
icant difference (p < 0.05) (Table 4), in agreement with
Albénez et al. [22] who documented that vVWF-Ag was

Table 4. Comparison between group | and group Il as regard blood-group

significantly higher in non-O blood group individuals
than in blood group O individuals (p < 0.0008).

On correlating vWF-Ag with different stages of
hepatic fibrosis, it was found that vVWF-Ag level had
a positive correlation with degree of hepatic fibrosis,
with a statistically significant difference (p < 0.05).
Maieron et al. [23] also reported that vVWF-Ag is one of
the best markers to differentiate patients with fibrosis
from patients without fibrosis.

Von Willebrand factor antigen is released by acti-
vated endothelial cells and therefore represents an in-
dicator of endothelial cell activation and plays a crucial
role in high shear stress depending on primary hemo-
stasis. The endothelium plays a crucial role in many
vascular diseases and endothelial dysfunction is a fun-
damental component of the increased hepatic vascu-
lar tone of cirrhotic livers. Activation of thrombocytes
and endothelium finally leads to platelet aggregation
and probably to microthrombotic events. Those events
lead to increased portal pressure and furthermore
might lead to worsening of fibrosis [20].

A positive correlation was found between vVWF-Ag
and total bilirubin, which is in harmony with the find-
ing of Yilmaz et al. [18] who reported the same re-
sults among their cirrhotic patients and explain this
by higher stages of cirrhosis (except cholestatic liver
diseases) and increased bilirubin levels. High bilirubin
levels accompany higher damage in liver and therefore
this causes increased endothelial dysfunction. vVWF-Ag
level is a reliable marker of endothelial dysfunction
and it was significantly high in cirrhotic patients with
increased bilirubin levels in comparison to patients
with normal bilirubin levels.

On the other hand, vVWF-Ag level was negative-
ly correlated with platelet count; these results were
similar to data confirmed by Lisman et al. [24] who
demonstrated that in cirrhosis elevated vWF plasma
levels resulted in substantially elevated platelet depo-
sition on collagen in a vVWF-dependent, flow-driven,
platelet adhesion assay. The increased adhesion in-
duced by plasma and was independent of platelet
count decrease, indicating that the increase in vVWF
might in part compensate for the quantitative platelet
defects described in these patients.

Parameters EV P-value
Group | (n = 20) Group Il (n = 30)
Blood group O 7 (35%) 5 (16%) 0.27
Blood group non-O 13 (65%) 25 (84%)
434 Clinical and Experimental Hepatology 4/2021
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Also, plasma vWF-Ag level was negatively cor-
related with total protein and serum albumin level
(p < 0.05), which is in harmony with the results of
Yilmaz et al. [18], who found that vWEF-Ag level was
177 (261.2) IU/ml in patients with an albumin level
of > 3.5 g/dl; 236.7 +108 IU/ml for albumin levels
between 2.8 and 3.5 g/dl and 266.3 +83.4 IU/ml for
an albumin level under 2.8 g/dl, and all of the three
groups had higher vWF levels in comparison to the
control group (p < 0.001).

A negative correlation was also found between
vWEF-Ag and PV velocity, which was significant
(p < 0.05), and low portal velocity had a statistically
significant value in differentiating group I and group II
as regards the presence of EVs, which strengthens our
hypothesis of the value of vWF-Ag in predicting EVs.

On trying to discriminate patients having EVs
from patients without EVs, depending on the VITRO
score, we found that it was helpful with 70% sensitivity,
86.67% specificity and accuracy of 80% (Fig. 4). Howev-
er, AST/ALT had no statistically significant difference
(p = 0.05), which was in agreement with Mattos et al.
[25] who reported that AST/ALT ratio had no value in
predicting EVs.

Also, APRI score was measured in both groups; it
was found that there was no statistically significant dif-
ference between the two groups (p = 0.05), which was
in agreement with Stefanescu et al. [26]. On the other
hand, Wang et al. [27] reported statistically significant
value of the APRI score in predicting EVs. It could be
attributed to their large sample size, more advanced
stages of fibrosis and advanced degrees of decompen-
sated cirrhosis among their patients.

No statistically significant difference was found on
comparing the two groups in our study when plate-
let count/spleen diameter score was used to compare
between the two groups. Chawla et al. [28] reported
that platelets/splenic longitudinal diameter ratio of
909 may not be adequate to completely replace EGD as
a noninvasive screening tool for EVs, which is against
the findings of Gana et al. [29] and Adami et al. [30],
who reported that the same parameter can predict the
presence of EVs in children with cirrhosis and portal
vein thrombosis at levels of 0.79 and 1.00, respectively.
Heterogeneity of patients studied and the etiological
diversity of patients in our sample may explain the lim-
ited value of this parameter.

The limitation of this study is unavailability of
healthy controls.
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