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Graphical abstract

Portal hypertension can
lead to CSV and VB

Surveillance endoscopies
are invasive

Role of biomarkers and
transient elastography to
predict CSV and VB

VWFAg amd GPIbR are the most consistent serum biomarkers in predicting CSV in
children with PHT

117 children who
underwent OGD between
January 2021 to November
2021 were included

33 children undergoing
OGD between December
2021 to March 2023 were

included in validation group

97 children had
measurements of VWFAg
and GPIbR in study group
and all in validation group

VWFAg and GPIbR were

significantly higher in -
children with CSV and VB

Spleen stiffness was
significantly higher in patients -
with CSV (p = 0.003)

Predictive scoring tool found

a significant ability to predict

CSV in chronic liver disease
group (p = 0.004)

Highlights
e Portal hypertension in children can lead to variceal
bleeding and complications.

e Surveillance endoscopies are invasive, hence non-
invasive biomarkers are needed.

e vWF and GPIbR are the most consistent serum
biomarkers to predict significant varices.

e Combination with spleen stiffness increases their
predictive value.

e Risk scoring prediction models need to be validated
in larger numbers in the future.

https://doi.org/10.1016/j.jhepr.2023.100935

Impacts and implications

Surveillance endoscopies in children with portal hy-
pertension (PHT) have their own risks and non-
invasive markers, such as von Willebrand factor anti-
gen, glycoprotein Ib binding activity of VWF (GPIbR),
and transient elastography could be used to predict
clinically significant varices, variceal bleeding and
disease compensation in children with PHT. Such non-
invasive markers for PHT and varices are lacking in the
paediatric population. The results show that von
Willebrand factor and GPIbR along with transient
elastography can be used to formulate a scoring sys-
tem which can be used as a clinical tool by paediatric
hepatologists to monitor the progression of PHT and
risk of bleeding, and hence to stratify the performance
of invasive endoscopic procedures under general
anaesthesia. However, there is a need to validate the
scoring system in children with portal vein throm-
bosis and for hepatic decompensation in a multi-
centre registry in the future.
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Background & Aims: Von Willebrand factor antigen (VWFAg), a protein measured to test the level of vWF released from the
vascular endothelium has gained much attention as a marker for portal hypertension (PHT) severity. The objectives of this
study were to investigate the use of VWFAg as a biomarker along with liver and spleen stiffness measurements by transient
elastography as potential predictors of clinically significant varices (CSV), variceal bleeding (VB) and decompensation in

children with PHT.

Methods: This observational prospective cohort study included 117 children (median age 10 [IQR 6-14] years) who underwent
oesophagogastroduodenoscopy between January’2012 to November’2021 and a validation group of 33 children who under-
went the same procedure between December'2021 to March’2023. Measurements of VWFAg and glycoprotein Ib binding
activity of VWF (GPIbR) were available in 97 patients in the study group and in all patients in the validation group.

Results: vWFAg and GPIbR were significantly higher in children with CSV (223 [U/dl and 166 1U/dl; p = 0.015 and p = 0.04,
respectively) and VB (218 IU/dl and 174 1U/dl; p = 0.077 and p = 0.03, respectively) than in those without CSV or VB,
respectively. Ninety-six patients had liver and spleen stiffness measurements. Spleen stiffness was significantly higher in
patients with CSV compared to those without CSV (p = 0.003). In a chronic liver disease subgroup, a predictive scoring tool
based on VWFAg, GPIbR, platelet count, and spleen/liver stiffness measurements could predict CSV with an AUROC of 0.76 (p =

0.04).

Conclusions: This study suggests the predictive value of vWF for CSV and VB increases when combined with spleen stiffness,
with AUROCs of 0.88 and 0.82, respectively. Hence, a combination of biomarkers could assist clinicians in diagnosing CSV,

preventing unnecessary invasive procedures.

Impacts and implications: Surveillance endoscopies in children with portal hypertension (PHT) have their own risks and
non-invasive markers, such as von Willebrand factor antigen, glycoprotein Ib binding activity of VWF (GPIbR), and transient
elastography could be used to predict clinically significant varices, variceal bleeding and disease compensation in children
with PHT. Such non-invasive markers for PHT and varices are lacking in the paediatric population. The results show that von
Willebrand factor and GPIbR along with transient elastography can be used to formulate a scoring system which can be used
as a clinical tool by paediatric hepatologists to monitor the progression of PHT and risk of bleeding, and hence to stratify the
performance of invasive endoscopic procedures under general anaesthesia. However, there is a need to validate the scoring
system in children with portal vein thrombosis and for hepatic decompensation in a multi-centre registry in the future.

© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Portal hypertension (PHT) is defined as increased pressure
within the portal venous system which results from altered
blood flow from the portal vein to the hepatic vein. PHT can
occur either at a pre-hepatic (extrahepatic portal vein obstruc-
tion), intrahepatic (pre-sinusoidal, sinusoidal or post-sinusoidal)
or post-hepatic level (right heart failure, hepatic vein occlusion).
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ness; Spleen Stiffness.
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Portal hypertension can lead to varices, variceal bleeding
and complications like ascites, hepatic encephalopathy, hep-
atopulmonary syndrome, porto-pulmonary hypertension,
growth failure and an overall poorer quality of life.'* Gastroin-
testinal (GI) bleeding remains a major life-threatening compli-
cation which develops from the rupture of varices in the GI tract
(most commonly the oesophagus).® GI variceal bleeding is
associated with significant morbidity and varied mortality rates
of between 2% and 20% in children,”® however, the mortality
associated with extrahepatic PHT variceal bleeding remains
at about 3%.'“!" Acute decompensation clinically marked by
the development of complications such as ascites, variceal hae-
morrhage, acute kidney injury (AKI) and overt hepatic
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encephalopathy are also associated with variceal bleeding.'?
Hence, early diagnosis and management of PHT remains
important.

A widely used approach to diagnosis PHT in adults is by direct
measurement of hepatic venous pressure gradient (HVPG), but
this may not be routine practice in children due to its invasive
nature.”'

In adults, PHT is defined as an HVPG measurement >6 mmHg
and clinically significant portal hypertension (CSPH), the pres-
sure at which varices begin to form, as an HVPG measurement
>10 mmHg. In children, the diagnosis of PHT is commonly based
on clinical/haematological findings of PHT complications such as
splenomegaly, thrombocytopenia and ascites.

Management of PHT in children requires surveillance endos-
copies to directly visualize and prophylactically treat varices,
where clinically indicated. Surveillance endoscopies have their
own risks and non-invasive markers can be helpful in the diag-
nosis of clinically significant varices (CSV) to prevent children
from undergoing unnecessary endoscopies. Transient elastog-
raphy (TE) is a non-invasive tool to measure liver fibrosis that has
been validated in adults'*'"®> and is increasingly utilised in
children.'®!”

Von Willebrand factor (vWF) is a multimeric glycoprotein and
a marker of vascular endothelial damage. Endothelial dysfunc-
tion has been shown to contribute to the pathogenesis and
progression of PHT.'®!° The vWF antigen/thrombocyte ratio
(VITRO) score has been described as a non-invasive marker to
diagnose and predict CSPH in patients with cirrhosis.?°

The aim of our study was to investigate the use of VWFAg as a
biomarker along with liver and spleen stiffness (LS and SS)
measurements by TE for the prediction of CSV, variceal bleeding
(VB) and disease decompensation in children with PHT.

Patients and methods

Patients

This observational prospective cohort study included all patients
between the age of 6 months to 18 years who underwent OGD
(oesophagogastroduodenoscopy) in the Paediatric Liver, GI and
Nutrition Centre, King’s College Hospital, London, between
January 2012 and November 2021. To validate the study, we
prospectively included all patients between the age of 6 months
to 18 years who underwent OGD between December 2021 to
March 2023. All patients selected for OGD underwent surveil-
lance endoscopies and either primary or secondary prophylaxis,
where clinically indicated, if they had evidence of PHT using the
criteria of clinically and/or radiologically confirmed splenomeg-
aly and persistent thrombocytopenia recorded on more than one
occasion (platelet count below 100 x10°/L) as per departmental
guidelines. All children who underwent OGD without any evi-
dence of underlying PHT were excluded. Clinical data on de-
mographics, diagnosis, medical history including any GI bleeding
episode and age of all these children (defined as age at the time
of OGD) were recorded. All children had routine laboratory in-
vestigations as per departmental protocols including haemato-
logical and coagulation parameters, clinical biochemistry.
VWFAg, glycoprotein Ib binding activity of VWF (GPIbR) tests and
VITRO score available from the last 5 years were collected and
calculated. Most children underwent TE using FibroScan to
measure LS and SS either at the time of presentation to our
department or at the time of OGD. Variceal prediction scores and
CSV were recorded at the time of endoscopy as per British
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Society of Paediatric Gastroenterology, Hepatology and Nutrition
(BSPGHAN) guidelines?! (https://bspghan.org.uk/wp-content/
uploads/2021/12/Varices-guideline_BSPGHAN_v2.pdf).

The study was approved by the local Institutional Review
Board (IRAS ID 238002). All patient records were anonymized
before analysis.

VWFAg and GPIbR

Plasma levels of vWFAg and GPIbR were measured at the time of
admission for endoscopy. VITRO score was calculated as defined
previously'” by dividing VWFAg by platelet count (VWFAg/PLT).

Transient elastography

LSM and SSM were assessed using TE (FibroScan; Echosens,
Paris, France) as described previously?? by a trained professional
either at the time of presentation to our department or at the
time of OGD. The median LSM and SSM values were specified in
kPa.

Grading of varices

Varices were graded as grade I, II, IIl as per BAVENO VI
consensus>’> and BSPGHAN guidelines. Varices that are grade Il or
more than grade I with red wale signs were defined as CSV as per
international consensus. Primary prophylaxis of varices is
defined as treatment of varices before bleeding has occurred.
Secondary prophylaxis of varices is defined as treatment of
varices that have previously bled, but not during an acute
bleeding episode.

Acute Kidney injury

AKI was defined as either an increase in baseline creatinine >50%
within 48 hours from bleeding or development of hepatorenal
syndrome.?*

Statistical analysis

Statistical analyses were performed using GraphPad Prism 9.4.3
for Microsoft Windows (GraphPad LLC., San Diego, CA, USA).
Descriptive statistics were reported as median and IQR or per-
centage. Differences of median values of vVWFAg, GPIbR, VITRO
score, LSM, SSM and platelet count groups with and without
CSPH were assessed by the Mann-Whitney U test. Receiver-
operating characteristic curves were constructed for the assess-
ment of the diagnostic accuracy of GPIbR, VITRO score, LSM, SSM
and platelet count groups. AUROC, sensitivity, specificity, likeli-
hood ratio (LR) values of non-invasive tests were calculated. We
applied the multiple logistic regression model under which we
calculated the AUROC for the combination of all variables
including vVWFAg, GPIbR, VITRO score, LSM, SSM and platelet
count. The value with the best sensitivity and specificity in
AUROC analysis (Youden index: sensitivity + specificity -1) was
chosen as the best cut-off.

A prediction score to analyse children with CSV was derived
using binary logistic regression analysis and deriving coefficients
using SPSS Statistics version 28.0.1.1. This score was applied to a
chronic liver disease (CLD) group and a portal vein thrombosis
(PVT) group to validate the study. A Mann-Whitney U test was
used to assess the difference and receiver-operating character-
istic curves were constructed with a combination of all variables
including vVWFAg, GPIbR, VITRO score, LSM, SSM and platelet
count. All p values were two-sided and p values <0.05 were
considered significant.
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Results

Patient characteristics

This study included 117 children, of whom 63 (54%) were males,
who underwent OGD as per department protocols at a median
age of 9.4 years (IQR 8 years).

The underlying diagnoses were PVT in 33 children (28%),
biliary atresia (BA) in 26 (22%), cystic fibrosis in 14 (12%), cil-
iopathies in 9 (8%), intestinal failure-associated liver disease
(IFALD) in 5 (4%), progressive familial intrahepatic cholestasis
(PFIC) in 3 (2.5%), autoimmune liver disease in 3 (2.5%), and other
diagnoses (including veno-occlusive disease, primary sclerosing
cholangitis, Wilson’s disease and cryptogenic liver disease) in 24
(20%) children.

Seventy-seven (66%) children, including 43 (56%) males, with
a median age of 9 years were found to have CSV. Forty-seven
children (40%), including 28 (60%) males, with a median age of
8 years either presented with or had breakthrough GI VB. vWFAg
and GPIbR measurements were available for 97 children (83%).
SSM and LSM were available for 96 children (82%). The CLD
subgroup (n = 52) included children with BA (n = 26, 50%), IFALD
(n = 5), autoimmune liver disease (n = 3), PFIC (n = 3) and
cryptogenic/other CLD (n = 10). During the study period, 70 (60%)
children had CSV and underwent primary prophylaxis of varices,
39 (33%) children had previously suffered a GI bleed and had
secondary prophylaxis and 8 (7%) children had OGD following an
acute bleeding episode. Fifty-one (44%) children underwent
band ligation for variceal treatment, 14 (12%) children under-
went sclerotherapy, 44 (38%) children did not have any inter-
vention, 4 (3%) children had both band ligation and
sclerotherapy at the time of OGD and 4 (3%) children had pre-
vious treatment for varices in another hospital/country. Out of 47
children with VB, 18 (32%) children had ascites, 10 (21%) had
sepsis, 5 (11%) had AKI, 8 (17%) children required paediatric
intensive care unit (PICU) admission and 2 (4%) had a
Sengstaken-Blakemore tube inserted for management of
bleeding.

CSV group

vWFAg values, in all children, were significantly higher in the
CSV positive (+ve) group (n = 77) than the CSV negative (-ve)
group (n = 40) (median = 223 IU/dl and 153 IU/dI, respectively,
p = 0.015), with an AUROC of 0.65 (95% CI 0.531-0.764), irre-
spective of the underlying diagnosis (Table 1). Using a cut-off of
>168 IU/dI for vWFAg, the sensitivity and specificity for CSV were
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73% and 62%, respectively, with a LR of 1.9. Using a cut-off of
>200 1U/d], the sensitivity and specificity were 60% and 73%,
respectively, with a LR of 2.22. Similarly, GPIbR was significantly
higher in the CSV +ve group than the CSV -ve group (median =
166 1U/dl vs. 145 IU/d], respectively; p = 0.04), with an AUROC of
0.62 (95% CI 0.507-0.748). Using a cut-off of 175 IU/dI, the
sensitivity and specificity were 46% and 74%, respectively, with a
LR of 1.7. SSM was also significantly higher in the CSV +ve vs. the
CSV -ve group (median = 38 kPa vs. 24.5 kPa, respectively, p =
0.003), with an AUROC of 0.68 (95% CI 0.569-0.783). Using a cut-
off of 40 kPa, the sensitivity and specificity of SSM were 41% and
86%, respectively, with a LR of 3.1. Similarly, the VITRO score was
significantly higher in the CSV +ve than the CSV -ve group
(median = 2.85 vs. 1.91, respectively, p = 0.017), with an AUROC of
0.64 (95% CI 0.528-0.759). Using a cut-off of >2.113, the sensi-
tivity and specificity were 72% and 62%, respectively. There were
no differences between the two groups regarding platelet count
and LSM (Table 2). The diagnoses of children within the CSV +ve
group were PVT (n = 26), BA, CLD, IFALD and PFIC.

Out of 52 children with CLD, 26 (50%) were CSV +ve and 26
(50%) CSV -ve. Within the CLD group, differences in vVWFAg,
GPIbR, VITRO and SSM values between the CSV +ve and CSV -ve
cohorts were statistically significant (Table 1), while the platelet
count and LSM were not statistically different (Table 2). Using a
cut-off of >205 [U/dl, vWFAg had an AUROC of 0.74 for the pre-
diction of CSV, with a sensitivity and specificity of 71% and 72%,
respectively, and a LR of 3.143 (Fig. 1). Using a cut-off of >31 kPa,
SSM had an AUROC of 0.71, with a sensitivity and specificity of
61% and 70%, and a LR of 2.0 (Table 1 and Fig. 2).

Of 33 patients with PVT, 26 (79%) were CSV +ve. Within the
PVT group, GPIbR and SSM were statistically significant when
compared between CSV +ve and -ve cohorts (Table 1). Using a
cut-off of >139 [U/dI for GPIbR, the sensitivity and specificity was
74% and 83%, respectively, with an AUROC of 0.83 and a LR of
4.43. Similarly, using a cut-off of >16 kPa for SSM, the sensitivity
and specificity were 85% and 100%, with an AUROC of 0.91.
Neither vWFAg, VITRO score, nor platelet count showed statis-
tically significant differences in this subgroup (Table 2).

Variceal bleed group

Forty-seven (40%) children had a VB in our study. vVWFAg was
higher amongst the VB +ve group vs. the VB -ve group but did
not reach statistical significance (median = 218 IU/dl vs. 167 IU/d],
respectively; p = 0.08). Using a cut-off of >185 IU/dl the

Table 1. Variables that were statistically significantly different between the CSV +ve and -ve groups.

Test CSV +ve CSV -ve p value AUROC Cut-off Sensitivity Specificity Likelihood ratio
All patients n =77 n =40

VWFAg (IU/dl) 223 153 0.015 0.65 >200 60% 73% 2.22
GPIbR (IU/dl) 166 145 0.04 0.62 >175 46% 74% 1.7
VITRO score 2.85 191 0.017 0.64 >2.113 72% 62%

SSM (kPa) 38 24.5 0.003 0.68 40 41% 86% 3.1
Chronic liver disease n=26 n=26

VWFAg (IU/dl) 240 147 0.007 0.74 >205 71% 72% 3.143
SSM (kPa) 38 23 0.014 0.71 >31 61% 70% 2.0
Portal vein thrombosis n =26 n=7

GPIbR (IU/dl) 157 92 0.01 0.83 >139 74% 83% 443
SSM (kPa) 21 3 0.02 0.91 >16 85% 100%

Data presented as median values, percentages (%), ratio and p-value (all are significant values <0.05) using Mann-Whitney U test to compare normally distributed non-
parametrically distributed data where appropriate of laboratory and TE measurements of patients in CSV +ve and CSV -ve group and chronic liver disease & portal vein

thrombosis subgroup.

CSV, clinically significant varices; GPIbR, VWF ristocetin co-factor; SSM, spleen stiffness measurement; VITRO, von Willebrand factor antigen/thrombocyte ratio; vVWF, von

Willebrand factor; vWFAg, von Willebrand factor antigen.
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Table 2. Differences in vWF-based variables, LSM and platelet count
between the CSV +ve and -ve groups.

Test CSV +ve CSV -ve p value
All patients n=77 n =40

LSM (kPa) 15 12,5 0.58
Platelet (x10°) 72 80 022
Chronic liver disease n =26 n =26

GPIbR (IU/dl) 219 147 0.04
VITRO 2.86 1.91 0.019
LSM (kPa) 17 12 0.27
Platelet (x10°) 74 78 0.54
Portal vein thrombosis n =26 n=7

VvWFAg (IU/dl) 201 160 0.11
VITRO score 249 1.23 0.38
LSM (kPa) 6 7 0.31
Platelet (x10°) 91 105 0.61

Data presented as median values and p values (significant for GPIbR =0.04 and VI-
TRO =0.019) using Mann-Whitney U test to compare normally distributed non-
parametrically distributed data, of laboratory and TE measurements of patients in
CSV +ve and CSV -ve group and chronic liver disease & portal vein thrombosis
subgroup.

CSV, clinically significant varices; GPIbR, vVWF ristocetin co-factor; LSM, liver stiffness
measurement; VITRO, von Willebrand factor antigen/thrombocyte ratio; vVWF, von
Willebrand factor; vWFAg, von Willebrand factor antigen.

sensitivity and specificity was 69% and 62%, respectively, with an
AUROC of 0.61 and LR of 2. Interestingly, GPIbR was statistically
significantly different between the VB +ve group vs. the VB -ve
group (median = 174 IU/dl vs. 142 1U/d], respectively, p = 0.03).
Using a cut-off of >155 [U/dI, the sensitivity and specificity was
68% and 61%, respectively, with an AUROC of 0.63 and a LR of 1.76
(Table 3). There was no statistical difference found between SSM,
LSM, VITRO score or platelet count when compared between the
two groups (Table 3).

In the CLD subgroup (n = 45), 15 children (33%) had a VB.
There was no significant difference in vWFAg and GPIbR between
those who bled against those who did not (Table 3). There were
also no statistical differences for SSM, LSM, VITRO score or
platelet count (Table 3).

VWF: CLD
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Within the PVT subgroup, 21 patients (64%) were VB +ve
while 12 (36%) were VB -ve. There was a statistically significant
difference in vVWFAg between VB +ve and VB -ve children
(Table 4). Using a cut-off of >185 IU/dl, the sensitivity and
specificity of vVWFAg were 68% and 80%, respectively, with an
AUROC of 0.61 and a LR of 1.808. GPIbR was also statistically
significantly different (Table 4). Using a cut-off of >155 IU/dI, the
sensitivity and specificity were 63% and 80%, respectively, with
an AUROC of 0.74 and a LR of 3.2 (Table 4). There was no sig-
nificant difference in SSM, LSM, VITRO score or platelet count
(Table 3).

Complications of variceal bleeding

Within the VB group, we assessed the predictability of devel-
oping complications such as ascites, sepsis, AKI and admission to
PICU. There was a statistically significant difference in vVWF
amongst children with ascites (n = 18) (p = 0.0016). Using a cut-
off >208 IU/dI, the sensitivity and specificity of vWF for ascites
was 82% and 60%, respectively, with an AUROC of 0.79 and a LR of
2.1 (Fig. 3). Similarly, for children with sepsis (n = 10), using a
cut-off of >218 1U/d], the sensitivity and specificity of vVWF were
80% and 60%, respectively, with AUROC of 0.74 and a LR of 2. Five
children developed AKI and using a cut-off of >225 IU/dI, the
sensitivity and specificity of vWF were 100% and 66%, respec-
tively, with an AUROC of 0.76 and a LR of 3 (Fig. 3). There was no
positive correlation of VWF with PICU admission. We did not find
any positive correlation between liver stiffness or spleen stiffness
with ascites, sepsis, AKI or PICU admission.

Multiple logistic regression analysis

Multiple logistic regression analysis showed that when vWFAg,
GPIbR, platelet count, LSM and SSM were combined, the pre-
diction of CSV and VB improved with AUROCs of 0.88, 0.87, 0.82
and 0.99, respectively, for CSV in all study children, CSV in chil-
dren with CLD, VB in all study children and VB in children with
CLD (p <0.0001 in all) (Fig. 4).

vWF: PVT
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& 40—
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100 - specificity (%)

Fig. 1. ROC analysis (with 100% - specificity in x-axis and sensitivity in y-axis) shows the ability of vVWF to predict CSV in children with CLD and PVT, with
AUROCs of 0.74 and 0.72, respectively. CLD, chronic liver disease; CSV, clinically significant varices; PVT, portal vein thrombosis; VWFAg, von Willebrand factor

antigen.
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Fig. 2. ROC analysis (with 100% - specificity in x-axis and sensitivity in y-axis) shows the ability of SSM to predict CSV in children with CLD and PVT, with
AUROCs of 0.71 and 0.91, respectively. CLD, chronic liver disease; CSV, clinically significant varices; PVT, portal vein thrombosis; SSM, spleen stiffness

measurement.

Table 3. Performance of vWWF-based variables, LSM, SSM, and platelet count
for the prediction of VB.

Test VB +ve VB -ve p value
All patients n =47 n=70

VITRO 2.81 2.16 0.37
Platelet (/ul) 85 75 0.66
LSM (kPa) 15 11 0.41
SSM (kPa) 34 32 0.54
Chronic liver disease n=15 n=30

VWFAg (IU/dl) 219 159 0.17
GPIbR (1U/dI) 215 151 0.1
VITRO 2.86 213 0.29
Platelet (/ul) 81 77 0.89
LSM (kPa) 80 70 0.89
SSM (kPa) 24 33 0.5
Portal vein thrombosis n=21 n=12

VITRO 2.5 1 0.07
Platelet (/ul) 92 106 0.5
LSM (kPa) 45 7 0.08
SSM (kPa) 33 25 021

Data presented as median values and p values (all values are not significant >0.05)
using Mann-Whitney U test to compare normally distributed non-parametrically
distributed data of laboratory and TE measurements of patients in VB +ve and VB
-ve group and chronic liver disease & portal vein thrombosis subgroup.

GPIbR, VWF ristocetin co-factor; LSM, liver stiffness measurement; SSM, spleen
stiffness measurement; VB, variceal bleeding; VITRO, von Willebrand factor antigen/
thrombocyte ratio; VWF, von Willebrand factor; vWFAg, von Willebrand factor
antigen.

Validation group and prediction score

The validation group, albeit small due to endoscopy restrictions
due to the COVID-19 pandemic, included 33 children, of whom
23 (70%) were male, who underwent OGD as per department
protocols at a median age of 9.25 years. The underlying di-
agnoses were PVT in 6 children (18%) and BA in 10 (33%), with
other diagnoses including alpha-1-antitrypsin deficiency, cryp-
togenic liver disease (6 [18%]), cystic fibrosis, autoimmune liver

disease, mitochondrial gene mutation, Budd-Chiari syndrome,
and Alagille syndrome. Of the 27 children in the CLD group, 20
(74%) were diagnosed as CSV +ve at the time of endoscopy. In the
PVT group, 5/6 (83%) children were found to be CSV +ve.

A prediction score was formulated in the initial study group
using binary regression analysis and deriving coefficients as
follows:CSV = constant + VWF(Co*) + GPIbR(Co*) + SSM(Co*) +
LSM(Co*) + platelet(Co*)(*Co= coefficient)

Scaling of the coefficients and intercept was done by multi-
plying with a factor of 20/log2 for children with CSV and 2/log2
for the PVT group. LSM was not included in the risk prediction
score for PVT.

The final formulas for risk prediction score to determine CSV
in children with CLD and PVT were as follows:

Children with CLD: CSV = 1/(1 + (-4.267 + 0.19xvWF -
0.008xGPIbR - 0.008xplatelet - 0.006xLSM + 0.084xSSM) and
applying (20/log2) to the coefficient, the risk score was calcu-
lated as CSV =1/(1 + (-283 + 1.3xvWF - 0.5xGPIbR - 0.5xplatelet -
0.4xXLSM + 5.6xSSM)

Children with PVT: Risk score CSV = 1/(1 + (-658.572 +
1.662xvWF + 1.752xGPIbR + 0.747xplatelet + 2.349xSSM) and
applying (2/log2) to the coefficient, the risk score was calculated
as CSV = 1/(1 + (-4371 + 11xvWF + 12xGPIbR + 5xplatelet +
16xSSM)

In the CLD group, the median (IQR) values of VWF, GPIbR,
platelets, SSM and LSM were 252.2 (123.1) IU/dl, 202.8 (99.4) IU/
dl, 85 (68) x10°/L, 29.1 (28.9) kPa, and 16.8 (31.8) kPa, respec-
tively. In the PVT group, the median (IQR) values of vVWF, GPIbR,
platelets, and SSM were 194.6 (72.5) IU/dl, 149.5 (50.1) IU/dl, 90.5
(21.2) x10%/L, and 41.7 (21.4) kPa, respectively. On application of
the risk score in the validation group of 33 children, we found
that in the CLD subgroup the mean prediction score was 0.00164,
with an IQR of 0.0208 and an AUROC of 0.76 (95% CI
0.4828-1.000) and a significant p value of 0.04. In the PVT
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Table 4. Performance of von Willebrand factor-based variables for the prediction of VB.

Test VB +ve VB -ve p value AUROC Cut -off Sensitivity Specificity Likelihood ratio
All patients n =47 n=70

VWFAg (IU/dl) 218 167 0.08 0.61 >185 69% 62% 2
GPIbR (1U/dl) 174 142 0.03 0.63 >155 68% 61% 1.76
Portal vein thrombosis n=21 n=12

VWFAg (IU/dl) 215 154 0.03 0.61 >185 68% 80% 1.808
GPIbR (1U/dl) 159 126 0.03 0.74 >155 63% 80% 3.2

Data presented as median values, percentages, ratio and p value (all values are significant with p <0.05) using Mann-Whitney U test to compare normally distributed non-
parametrically distributed data, AUROC, sensitivity, specificity and Likelihood ratio of laboratory and TE measurements of patients in VB +ve and VB -ve group and portal

vein thrombosis subgroup.

GPIbR, VWF ristocetin co-factor; LSM, liver stiffness measurement; SSM, spleen stiffness measurement; VB, variceal bleeding; VITRO, von Willebrand factor antigen/throm-

bocyte ratio; vWF, von Willebrand factor; vWFAg, von Willebrand factor antigen.

subgroup, the median prediction score was 0.00088, with an IQR
of 0.0035 and an AUROC of 0.6000 (95% CI 0.1706-1.000, p =
0.76).

Discussion

In children with PHT, a means to reliably predict those who may
have CSV and be at risk of VB has been the focus of several
studies in the past.® It has been a challenging question to address
but the emergence of novel non-invasive tools has offered the
opportunity to develop on previous efforts. Furthermore, in
recent years, increasing emphasis is being placed not only on the
direct morbidity and mortality from GI blood loss from PHT but
also on the accompanying risks of liver decompensation, AKI
ischaemic hepatitis, encephalopathy and liver transplantation
that influence outcome and management decisions. Our study is
the first paediatric study to integrate VWFAgZ, GPIbR and TE to
predict CSV and VB in children with PHT.

Under physiological conditions, vVWFAg, a multimeric glyco-
protein, facilitates adhesion of platelets to the vascular sub-
endothelium during vascular injury and stabilises coagulation
factor VIII. However, in patients with cirrhosis levels are elevated
further due to increased shear endothelial stress, bacterial
infection, and induced expression of VWFAg in the cirrhotic liver
itself, leading to endothelial instability.>> Therefore, endothelial
dysfunction is considered to be a potential mechanism of variceal
bleeding beyond the standard HVPG measurement.?® In adult
patients with CSPH, markers such as vVWFAg, LSM and SSM have
been widely assessed and have been integrated into composite
scores for prediction of CSPH or ruling out varices needing
treatment.?’ Furthermore, a reduction in vVWFAg was demon-
strated in those who received non-selective beta blocker therapy
with an accompanied decrease in the risk of liver disease
decompensation and death.”®

Hence, VWFAg as an indicator of endothelial dysfunction,
which plays an important role in the pathophysiology of both
intra- and extrahepatic causes of PHT,*>*? could serve as a po-
tential serum biomarker to predict/diagnose CSV and VB in
children with PH. Our study demonstrated that vWFAg and/or
GPIbR may serve as serum biomarkers for the stratification of
children with CSV who can benefit from a surveillance endos-
copy with regression analysis showing that prediction of CSV and
VB improved on combining vVWFAg, GPIbR, platelet count, LSM
and SSM, with AUROCs of 0.88 and 0.82, respectively, for CSV and
VB in all study children.

A recent meta-analysis of VWFAg in adults with cirrhosis and
PHT showed a pooled sensitivity and specificity of 82% and 76%
for CSV, with an AUC of 0.87.%' In this study, the etiologies of liver

disease were significantly different to those seen in children and
included alcohol-related liver disease, hepatitis B and hepatitis C
infections. The sample size in these studies ranged from 42-286
patients with three studies having >200 patients. VWFAg level
was significantly higher in patients with PHT at >300 IU/dl with
non significant variation in sensitivity, making it a good marker
for diagnosis. However, the cut-offs used in these studies varied
from 226 IU/dl to 264 IU/dl, which are higher than reported in
our study.

Islek et al>? reported higher levels of VWFAg and GPIbR in
children with chronic liver disease and extrahepatic PHT when
compared to healthy controls with cut-off values of 171 IU/dl and
133 IU/dI, respectively. The limitation of their study was that the
study population was rather limited (n = 28 in the cirrhotic
group, n = 16 in the group with extrahepatic PHT). A similar
study of 42 children by Beattie et al.>* also found increased levels
of VWFAg in those with chronic liver disease and PVT. In our PVT
subgroup, with a cut-off of >139 IU/dl for VWFAg, the sensitivity
and specificity for prediction of CSV are 74% and 83%, respec-
tively, with a LR of 4.43 and an AUROC of 0.83. Our study also
found higher levels of VWFAg in children with PVT who had a VB
(p = 0.03). Lower ADAMTS 13 antigen and hence higher vVWFAg
found in children with PVT suggests a vascular endothelial role in
children with PHT without CLD.?"?°

Our study included 52 children with CLD, with 26 (50%)
having BA, of whom 14 (54%) required sclerotherapy or banding
and 5 liver transplantation. In the CLD subgroup, VWF at a cut-off
value of >205 IU/dl predicted CSV with a sensitivity and speci-
ficity of 71% and 72%, respectively, with a LR of 3.143 and an
AUROC of 0.74. The advanced nature of liver disease in children
who had VB might explain the higher vWFAg values and statis-
tical significance, however, more studies are needed. Heteroge-
neity in diagnoses between adult studies and paediatric studies,
advanced disease, concomitant inflammatory processes, or
infection could explain the heterogeneity in cut-offs. The het-
erogeneity in diagnoses in our CLD study group needs to be
acknowledged as in most such paediatric studies. Large patient
registries and collaborations amongst paediatric liver centres
that are focused on PHT in children, such as the IMPPHR (https://
www.texaschildrens.org/international-multi-center-pediatric-
portal-hypertension-registry), may help overcome such
challenges.

Liver and spleen stiffness have previously been described as a
reliable non-invasive tool for diagnosing PHT in children,'® with
LSM showing a pooled sensitivity and specificity of 90% and 79%,
respectively, for the diagnosis of PHT, with an AUROC of 0.92.
However, most studies in this meta-analysis focused on LSM and
only three studies®*>° had simultaneous LS and SS measure
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Fig. 3. ROC analysis (with 100% - specificity in x-axis and sensitivity in y-
axis) shows the ability of vVWF to predict complications in children with a
variceal bleed. Ability of vVWF to predict (A) sepsis (B) ascites (C) AKI with
AUROCs of 0.79, 0.74 and 0.76, respectively. AKI, acute kidney injury; vVWF, von
Willebrand factor.
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ments, with SSM being higher than LSM. Another study from our
group by Sutton et al.>?> showed that SSM had the best predictive
value, with an AUROC of 0.92 and NPV of 80% to stratify children
based on the presence of CSV. The current study shows that SSM
>31 kPa has a sensitivity and specificity of 61% and 70%, with an
AUROC of 0.71 for CSV in children with CLD. The sensitivity and
specificity was higher at 85% and 100%, respectively, with an
AUROC of 0.91 for patients with PVT. Interestingly, SSM was not
significantly different in patients with VB and LSM was not sta-
tistically significantly different between bleeders or non-
bleeders in the CLD subgroup. Studies by Sutton et al.?> and
Vadlapudi et al.*’ also did not find SSM to be statistically
significantly different in bleeders. A possible explanation for the
above discrepancy could be multifactorial. Difference in blood
supplies to the liver, which is under dual supply, and the spleen,
which is supplied by the high pressure arterial system, could
possibly account for changes in SSM with a recent bleed. The
complex pathophysiology of GI bleeding involving potential
dysregulation in metabolic, endothelial, or coagulation pathways
could be another reason. The cut-off values for SSM and LSM
have not been fully defined and have varied through different
studies and there is a future need to have defined cut-off values
to predict CSV.>® There are several limitations to TE, including
operator variability, obesity and ascites, a frequent complication
of PHT. This could be mitigated by magnetic resonance elastog-
raphy (MRE); however, use of MRE is still limited by high costs
and limited availability. MRE-based SSM and LSM could still have
future potential in this regard, with one meta-analysis in adults
by Singh et al.>* showing SSM by this method to have improved
specificity and overall accuracy in detecting CSPH.

Duché et al.*° reported life-threatening complications in 20%
of children who bled spontaneously before first endoscopy and
10% of children died following first bleed before liver trans-
plantation. D’souza et al'’ reported acute decompensation
marked by complications such as sepsis and hepatorenal syn-
drome associated with VB. In our study, 32% of children devel-
oped ascites, 21% developed sepsis and 17% required PICU
admission as a manifestation of hepatic decompensation
following VB. We found vVWFAg to be significantly correlated
with ascites, sepsis and AKI, with AUROCs of 0.79, 0.74 and 0.76,
respectively. This indicates the potential of VWFAg to predict CSV
and complications of VB, though more prospective studies with
well-defined objectives will be required. Additionally, in adults
with stable decompensated cirrhosis treated with non-selective
beta blockers, it has been shown that a decrease in VWFAg
levels is associated with a reduced risk of decompensation,
acute-on-chronic liver failure and/or death.?® Although there is
no consensus regarding the use of non-selective beta blockers in
children with PHT, there is potential to prospectively monitor
their response in a non-invasive way.

Multiple logistic regression analysis was carried out in order
to facilitate forming a non-invasive screening tool for prediction
of CVS and VB in children. It showed excellent AUROC scores
across all groups indicating that a prediction screening tool can
be formulated with vWFAg, GPIbR, platelet count, SSM and LSM
as independent variables. The scoring system can be applied as a
clinical tool to monitor progression of PHT at the early stages or
the risk of bleeding and complications in children with CLD
during their follow up.

To validate the study, we created a risk scoring prediction
model for children with CSV in CLD and PVT subgroups with
similar demographics. Receiver-operating characteristic curve
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Fig. 4. ROC curve (with 1-specificity in x-axis and sensitivity in y-axis) showing predictive ability of score combining vVWFAg, GPIbR, platelet count, LSM
and SSM. Score’s ability to predict (A) CSV in all children (B) CSV in children with CLD (C) VB in all patients (D) VB in children with CLD, with respective AUROCs of
0.88, 0.87, 0.82 and 0.99. CLD, chronic liver disease; CSV, clinically significant varices; GPIbR, glycoprotein Ib Binding activity of VWF; LSM, liver stiffness
measurement; SSM, spleen stiffness measurement; vVWFAg, von Willebrand factor antigen.

analysis of the risk scoring system in the CLD group was statis-
tically significant with a p value of 0.04, thereby confirming that
combining laboratory markers and ultrasonographic measure-
ments can provide a convenient stratification method for clini-
cians. However, the small sample (n = 6) limited the validation of
our scoring system in the PVT group. We are not able to
comment on our ability to validate the prediction score for he-
patic decompensation due to insufficient sample size.

This study suggests that vVWFAg and GPIbR are the most
consistent serum biomarkers in predicting CSV and PHT in
children. When combined with SSM, the predictive value in-
creases for CSV. A scoring model combining vVWFAg, GPIbR, SSM,
LSM and platelet count can predict CSV in children with CLD.
There is a further need to validate the results in the PVT group
and for complications arising due to hepatic decompensation in a
multi-centre registry in the future.
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