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Von Willebrand factor and alkaline phosphatase
predict re-transplantation-free survival
after the first liver transplantation

Andreas Wannhoff1, Conrad Rauber1, Kilian Friedrich1, Christian Rupp1,
Wolfgang Stremmel1, Karl Heinz Weiss1, Peter Schemmer2 and
Daniel N Gotthardt1

Abstract
Background: After liver transplantation (LT), there are liver-related, infectious and cardiovascular complications that con-

tribute to reduced graft survival. These conditions are associated with an increase in the Von Willebrand factor antigen

(VWF-Ag), which was previously correlated with survival in cirrhotic patients.

Objective: Evaluate VWF-Ag as a predictive marker of re-transplantation-free survival in patients after LT.

Methods: We measured VWF-Ag in patients after first LT and then followed them prospectively with regard to the primary

endpoint, namely re-transplantation-free survival.

Results: There were 6 out of 80 patients who died or received re-LT during follow-up. In these patients, the median VWF-Ag

was 510.6%, which was significantly higher (p¼ 0.001) than in the patients who were alive at the end of follow-up (with a

median VWF-Ag¼ 186.8%). At a cut-off of 286.8%, VWF-Ag was significantly correlated with re-transplantation-free survival

(p< 0.001). VWF-Ag was independently associated with re-transplantation-free survival in a multivariate analysis; as was

alkaline phosphatase (ALP), but not the model of end-stage liver disease (MELD) score, donor age, nor cold ischemia time. A

score combining VWF-Ag and ALP showed an impressive capability in the receiver operating characteristic (ROC) analysis

(with area under the curve (AUC)¼ 0.958) to distinguish between patients with regard to the primary endpoint.

Conclusions: VWF-Ag is a non-invasive marker that can predict outcome in patients after LT. Its diagnostic performance

increased when combined with ALP in a newly developed scoring system.
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Introduction

Liver transplantation (LT) is a successful treatment
option for end-stage liver disease (ESLD) of various
etiologies. Graft survival rates reach approximately
85% at 1 year and 70% at 5 years post-transplanta-
tion.1 Despite the availability of outcome-predicting
scores such as the donor risk index, or the product of
donor age and the preoperative model of end-stage liver
disease (D-MELD),2,3 which were both designed to
assess the risk and outcome of transplantation at the
time of organ transplantation, no validated score exists
to predict outcome in stable liver transplant recipients.
Such a score could be of interest to identify the patients

at risk of graft failure and to optimize follow-up in
these patients.

Mortality after LT is mainly due to liver-related
causes, infections, cardiovascular diseases and malig-
nancy.4 In all of these conditions, increased levels of
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Von Willebrand factor (VWF) have been described.5–7

VWF is released from endothelial cells and is an estab-
lished marker of endothelial cell dysfunction.8 It is
commonly elevated in ESLD9 and might not only com-
pensate for reduced platelet counts during primary
hemostasis in patients with cirrhosis,10,11 but also pre-
dict the outcome of these patients.6 The reasons under-
lying VWF elevation in ESLD are not yet fully
understood and several mechanisms might contribute:

. First, cirrhosis and especially portal hypertension
are accompanied by endothelial dysfunction, result-
ing in VWF increase;9

. Second, increased VWF synthesis within the cirrho-
tic liver was previously reported;12

. Besides this, VWF is a marker of arteriosclerosis,
and it is elevated in the presence of various cardio-
vascular risk factors. Consequently, it acts as a clin-
ical marker for prognosis in cardiovascular
diseases.7

Based on the aforementioned data, we hypothesized
that increased levels of VWF after LT are associated
with poorer outcomes; therefore, we conducted this
study to prospectively test our hypothesis in patients
after their first LT.

Materials and methods

Study protocol including inclusion
and exclusion criteria

Patients who were seen after LT in the outpatient clinic
of the Department of Internal Medicine IV at the
University Hospital Heidelberg in Heidelberg,
Germany, between November 2012 and August 2013
were screened for inclusion in the primary study
cohort. To be eligible, patients had to be at least 18
years of age at time of inclusion, and only the patients
after first LT were eligible, while those who had already
undergone re-LT were excluded.

At the time of inclusion into the study, the level of
VWF-Ag was measured. Therefore, citrated blood was
collected and then analyzed in the central laboratory of
the Heidelberg University Hospital. The VWF-Ag
levels were determined by a turbidimetric assay on a
Siemens BCS XP system (Siemens Healthcare,
Germany) by applying appropriate reagents (VWF-
Ag Kit, Siemens Healthcare, Munich, Germany).

After inclusion, patients were then prospectively fol-
lowed with regard to the study’s primary endpoint,
namely re-transplantation-free survival. Follow-up
was performed during the patients’ routine visits in
our outpatient department and by gathering

information on the patients’ status, either by phone
or from the patients’ general practitioner. The final
follow-up was performed between November 2014
and January 2015. The secondary endpoint was the
re-transplantation-free survival rate after 1 year.

In addition to VWF-Ag, we assessed alanine trans-
aminase (ALT), aspartate transaminase (AST), alkaline
phosphatase (ALP), gamma-glutamyltransferase
(gGT), total bilirubin, albumin, international
normalized ratio (INR), C-reactive protein (CRP) and
leukocyte count; and calculated the MELD score. We
included information on basic demographic and health
characteristics.

To validate the results obtained in the primary study
cohort, we included an independent cohort of patients
awaiting their first LT. A local study database was
searched to identify patients awaiting first LT and a
retrospective chart review was performed to identify
measurements of VWF-Ag in these patients. Outcome
parameters and basic demographic and health charac-
teristics for these patients were as well obtained from
the database.

All patients provided written informed consent prior
to inclusion in the study. The study was previously
approved by the local ethics committee of the
University of Heidelberg and was conducted in accord-
ance with the Declaration of Helsinki.

Description of the final primary study cohort

Of the 104 initially screened patients, 10 were not eligible
for inclusion because they had already undergone re-
transplantation and one was not eligible because he was
too young. A further 13 patients were excluded because
VWF-Ag was not measured. The 80 patients who were
ultimately included in our study had a mean age of 56.3
years (�9.4 years) and 24 (30.0%) of them were of female
gender. There were 23 patients (28.7%) with blood group
O, 20 patients (25.0%) with blood group A, 13 patients
(16.3%) with blood group B and 6 patients (7.5%) with
blood group AB. For 18 (22.5%) patients, we were
unable to retrieve information on their blood group.
The etiology of liver cirrhosis prior to LT was: alcoholic
in 30 patients (37.5%), viral hepatitis in 29 patients
(36.3%), primary sclerosing cholangitis in 9 patients
(11.3%), cryptogenic in 3 patients (3.8%) and other
causes of cirrhosis in 4 patients (5.0%). Five patients
(6.3%) did not have cirrhosis at the time of LT, including
two patients with cystic liver disease and one each with
acute liver failure, Budd-Chiari syndrome and hepatocel-
lular carcinoma (HCC) in a non-cirrhotic liver. Overall,
HCC was present in 29 patients (36.3%) prior to LT. A
total of three patients (3.8%) were on the waiting list for
re-transplantation at the time of vWF-Ag measurement.
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Statistical analysis

Data are given as numbers with percentage for categor-
ical data, median with interquartile range (IQR) for
non-normally distributed interval-scaled data, and
mean with SD for normally distributed data. We used
the Chi square test or Fisher’s exact test, Mann-
Whitney U test, the student t-test and Pearson’s correl-
ation, as appropriate. The area under the curve (AUC)
was calculated for a receiver operating characteristic
(ROC) analysis, and Youden’s index was used to deter-
mine the optimal cut-off. Sensitivity, specificity, posi-
tive and negative predictive value, and diagnostic
accuracy were calculated from a contingency table.
Actuarial re-transplantation-free survival was esti-
mated using Kaplan-Meier estimates. Differences
between the actuarial estimates were tested using the
log-rank test. Univariate and multivariate analyses
were performed using a Cox regression model.
Variables included in the model were: age, gender,
VWF-Ag, MELD score, ALT, ALP, CRP; as well as
the graft-related parameters of donor age, cold ische-
mia time and time since LT. All variables with a p value
<0.05 in the univariate analysis were included in the
multivariate model. We considered that p values
<0.05 were statistically significant for all analyses. We
performed the analyses using IBM SPSS Statistics, ver-
sion 21 (IBM Corp., Armonk, NY, USA).

Results

VWF-Ag levels in patients after liver
transplantation

The 80 study patients had a median VWF-Ag level of
200.6% (IQR¼ 141.5–287.9). VWF-Ag was measured
35 months (IQR¼ 8–89) after LT. Patients had a
median MELD score of 8 (IQR¼ 7–11). Neither
gender nor age influenced VWF-Ag levels (p> 0.05);
however, a non-significant trend towards lower levels
of VWF-Ag in blood group O (median¼ 194.3%;
IQR¼ 115.4–270.9), compared to patients with blood
groups that were non-O (median¼ 211.1%;
IQR¼ 144.1–344.3) was found (p¼ 0.135). Levels of
VWF-Ag correlated with CRP (r¼ 0.431; p< 0.001),
but not with the leukocyte count (p¼ 0.762). In 26 of
the patients (32.5%) VWF-Ag was measured within the
first year after LT and their median VWF-Ag was
208.9% (IQR¼ 146.2–353.0%).

Outcome of the included patients

The primary study endpoint of re-transplantation-free
survival at the end of the study was reached by 74

patients (92.5%). Four patients (5.0%) underwent
re-transplantation and two patients (2.5%) died
during follow-up. The median time of follow-up in
the 74 patients who were alive at the end of the study
was 86 weeks (IQR¼ 82–102), and it was 42 weeks
(IQR¼ 16–57) in the group of patients who died
or underwent re-transplantation. Reasons for re-
transplantation were: ischemic cholangiopathy in
two patients, repeat cirrhosis due to chronic rejection
in one patient and hepatitis C reinfection with
decompensation of liver function during interferon
therapy in one patient. The two patients died because
of liver insufficiency due to chronic rejection and
because of sepsis.

The median VWF-Ag was significantly lower in the
74 patients who were alive with the original transplant
at the end of the study (186.8%; IQR¼ 139.0–272.1),
compared to those six patients who underwent re-trans-
plantation or died (median¼ 510.6%; IQR¼ 301.8–
531.3; p¼ 0.001). A detailed comparison of patients,
based upon the primary outcome parameter, is given
in Table 1.

With regard to the secondary endpoint, namely 1-
year re-transplantation-free survival, 76 patients
(95.0%) were alive with the original transplant after 1
year. Three patients had undergone re-transplantation
and one patient had died.

Survival depends on VWF-Ag levels

ROC analysis of VWF-Ag levels revealed an AUC for
prediction of the primary endpoint of 0.914 (95% CI
0.842–0.987; p¼ 0.001), as shown in Figure 1. The opti-
mal cut-off value for VWF-Ag was 286.8%. This cut-off
yielded 100% sensitivity and 81.1% specificity. The
positive predictive value was 30%, the negative predict-
ive value was 100.0% and the diagnostic accuracy was
82.5%. Survival was significantly longer in patients
with a VWF-Ag below this cut-off, compared to those
with a higher VWF-Ag (p< 0.001), as seen in
Figure 2(a)). A comparison of patients based on the
optimal cut-off value is shown in Table 2.

The AUC for prediction of the secondary end-point
of 1-year re-transplantation-free survival was 0.961
(95% CI 0.918–1.000; p¼ 0.002). The optimal cut-off
for VWF-Ag was 478.0%, with a sensitivity of 100%
and specificity of 94.7%.

If we included only the patients with VWF-Ag meas-
urement performed within the first year after LT,
VWF-Ag still significantly predicted the patients’
outcome: Of the 26 patients included for this analysis,
two underwent re-LT or died during follow-up. The
outcome was predicted with an AUC of 0.958 in the
ROC analysis (95% CI 0.878–1.000; p¼ 0.034).
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Univariate and multivariate analyses

Of the variables included in the univariate analysis,
only MELD, VWF-Ag, ALT and ALP levels were sig-
nificantly associated with patient outcome. Inclusion of
these variables in the multivariate model revealed only
VWF-Ag and ALP to be independently associated with
re-transplantation-free survival. The hazard ratio for a
1-point increase in VWF-Ag was 1.009 (95% CI 1.001–
1.017; p¼ 0.027) and for ALP it was 1.005 (95% CI
1.001–1.008; p¼ 0.004), as seen in Table 3. This is
equivalent to hazard ratios of 1.092 (95% CI 1.015–
1.174) per 10-point increase and of 2.404 (95% CI
1.159–4.987) per 100-point increase in VWF-Ag.

ROC analysis of ALP alone and of a combined
score for VWF-Ag and ALP

ROC analysis of ALP to predict the primary outcome
parameter revealed an AUC of 0.923 (95% CI 0.844–
01.000; p¼ 0.001), and the optimal cut-off index

was 142 U/l. To further enhance the diagnostic
value, VWF-Ag and ALP were combined in a simple
score:

VWF�Ag�ALP=10, 000 ð1Þ

This new score had an AUC of 0.950 (95% CI
0.879–1.000; p< 0.001) in ROC analysis and was super-
ior to VWF-Ag, ALP or MELD alone (Figure 1).
Patients who died or underwent re-transplantation
had a median value of 15.69 (IQR¼ 9.30–21.96), com-
pared to a median of 1.95 (IQR¼ 1.11–3.97) among
patients who were alive at the end of the study
(p< 0.001). The optimal cut-off for this score was deter-
mined to be 9.83. This cut-off yielded a sensitivity of
83.3% and a specificity of 97.3% to predict the
patients’ survival. Survival significantly differed
between patients with a score �9.83 (mean 114 weeks;
95% CI 113–116), compared to patients with a score
>9.83 (mean 54 weeks; 95% CI 14–81; p< 0.001), as
seen in Figure 2(b).

Table 1. Patients’ characteristics. Comparison of patients based on the main primary outcome parameter of re-transplantation-free

survival. Data is given as mean (�SD), median (IQR) or number (%), as appropriate

Alive Dead/re-LT p

Patients, n 74 (92.5%) 6 (7.5%)

Gender, female 21 (28.4%) 3 (50.0) 0.332

Age, years 56.6 (�9.3) 52.7 (�10.0) 0.362

Blood group, n 0.630

O 21 (36.8%) 2 (40.0%)

A 19 (33.3%) 1 (20.0%)

B 11 (19.3%) 2 (40.0%)

AB 6 (10.5%) 0

Time since LT, months 39 (8–90) 20 (6–78) 0.482

HCC, n 27 (36.5%) 2 (33.3%) 1.000

Donor age, years 58 (44–66) 68 (55–80) 0.124

Cold ischemia time, h 11.0 (9.5–12.5) 10.0 (8.5–11.5) 0.214

Awaiting re-transplantation 2 (2.7%) 1(16.7%) 0.211

VWF-Ag, % 186.8 (130.0–272.1) 510.6 (301.8–531.3) 0.001

AST, U/l 21 (16–37) 83 (26–361) 0.003

ALT, U/l 25 (15–41) 52 (13–222) 0.204

ALP, U/l 104 (76–466) 301 (195–533) 0.001

gGT, U/l 39 (20–91) 151 (62–509) 0.028

Total bilirubin, mg/dl 0.6 (0.4–1.0) 2.2 (1.0–19.4) 0.006

Albumin, g/l 43.3 (40.5–45.6) 35.7 (29.0–39.2) 0.008

INR 1.00 (0.96–1.04) 1.08 (1.00–1.30) 0.074

Creatinine, mg/dl 1.06 (0.83–1.46) 0.97 (0.74–1.20) 0.324

CRP, mg/dl 2.2 (0.0–8.0) 19.3 (10.4–34.6) 0.002

Leukocyte count, /nl 5.72 (3.72–7.09) 7.39 (5.49–8.77) 0.093

ALP: alkaline phosphatase; ALT: alanine transaminase; AST: aspartate transaminase; CRP: C-reactive protein; gGT: gamma-glutamyltransferase; INR:

international normalized ratio; IQR: interquartile ratio; HCC: hepatocellular carcinoma; LT: liver transplant; re-LT: repeat liver transplant; U/l: units per

liter; VWF-Ag: Von Willebrand factor antigen
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Validation of results in patients with ESLD on the
waiting list for a first LT

Overall, 93 patients were identified as eligible for inclu-
sion in this cohort. They were 51.5 (�9.6) years old and
60 (64.5%) were of male gender. The etiology of their
liver disease was: alcoholic in 42 patients (45.2%), viral
hepatitis in 25 patients (26.9%), biliary disease in
11patients (11.9%), cryptogenic in 7 patients (7.5%)

and other causes of cirrhosis in 8 patients (8.6%).
There were 33 patients (35.5%) who underwent LT
during follow-up, 17 (18.3%) who died and 43 (46.2%)
who were alive at the end of the follow-up period.

The median VWF-Ag level was 329.9%
(IQR¼ 244.2–456.8) and MELD score was 12
(IQR¼ 9–17) in this cohort. Cox-regression analysis
revealed that VWF-Ag was, as well, significantly asso-
ciated with transplantation-free survival in this cohort
and revealed a hazard ratio of 1.003 per 1-point
increase in VWF-Ag (95% CI 1.001–1.004; p¼ 0.004).
In contrast, ALP and our newly developed score
(median 4.98; IQR¼ 2.71–8.43) were not significantly
associated with transplantation-free survival in these
patients (p¼ 0.171 and p¼ 0.089).

Discussion

In this prospective we demonstrated that levels of
VWF-antigen are a new and non-invasive marker to
predict the outcome of patients after LT. The predictive
ability was proven in a second cohort and increased
even further when VWF-Ag was combined with ALP
in a simple score.

These novel results are in line with previous studies
in patients with cirrhosis before liver transplantation.
In two studies, VWF-Ag was identified as a marker of
portal hypertension and predicted survival, in addition
to the MELD score.5,6 It is further related to the degree
of fibrosis in patient with chronic hepatitis C.13

Consequently we could confirm the results obtained
in patients after LT in a second cohort of patients
with ESLD. Previously, VWF-Ag was identified as a
prognostic marker in cardiovascular diseases such as
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Figure 2. VWF-Ag and a newly developed score containing VWF-Ag and ALP predict retransplantation-free survival.

(a) The optimal cut-off for VWF-Ag as determined by Youden’s index was 286.8%, which significantly correlated with re-transplantation-

free survival after the first liver transplantation, in the Kaplan-Meier analysis. (b) The newly developed score including VWF-Ag and ALP

(VWF-Ag� ALP/10,000) also predicted re-transplantation-free survival in the Kaplan-Meier analysis.

ALP: alkaline phosphatase; VWF-Ag: Von Willebrand factor antigen
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Figure 1. ROC analysis of VWF-Ag.

VWF-Ag levels significantly predicted survival among the study par-

ticipants, with an AUC of 0.914 in the ROC analysis. VWF-Ag and ALP

proved to significantly predict the outcome of the study patients in

multivariate Cox regression analysis and the ROC analysis of a newly

developed score (VWF-Ag� ALP/10,000) showed a high AUC as well,

which was clearly superior to that of the MELD score.

ALP: alkaline phosphatase; AUC: area under the curve; MELD:

model of end-stage liver disease; ROC: receiver operating charac-

teristic; VWF-Ag: Von Willebrand factor antigen
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Table 2. Patient characteristics depending on their VWF-Ag level. Comparison of patients based upon classification according

to the optimal cut-off for VWF-Ag levels. Data is given as the mean (�SD), median (IQR), or number (%), as appropriate

VWF-Ag

�286.8% >286.8% p

Patients, n 60 (75.0%) 20 (25.0%)

Gender, female 19 (31.7%) 5 (25.0%) 0.779

Age, years 55.7 (�9.3) 57.9 (�9.6) 0.371

Blood group, n 0.314

O 19 (42.2%) 4 (23.5%)

A 15 (33.3%) 5 (29.4%)

B 8 (17.8%) 5 (29.4%)

AB 3 (6.7%) 3 (17.6%)

Time since LT, months 42 (8–97) 25 (7–57) 0.383

HCC, n 18 (30.0%) 11 (55.0%) 0.061

Donor age, years 56 (41–68) 64 (54–72) 0.062

Cold ischemia time, h 12.0 (10.0–14.0) 10,0 (9.0–11.0) 0.006

Awaiting re-transplantation 1 (1.7%) 2 (10.0%) 0.153

AST, U/l 21 (16–33) 42 (17–66) 0.014

ALT, U/l 24 (15–42) 31 (15–58) 0.597

ALP, U/l 100 (73–134) 180 (115–269) 0.002

gGT, U/l 36 (19–88) 67 (37–190) 0.032

Total bilirubin, mg/dl 0.6 (0.4–1-0) 0.9 (0.5–1.8) 0.090

Albumin, g/l 43.5 (41.2–45.5) 39.5 (34.9–45.7) 0.021

INR 1.00 (0.96–1.03) 1.03 (0.95–1.10) 0.338

Creatinine, mg/dl 1.05 (0.84–1.35) 1.12 (0.74–1.48) 0.982

CRP, mg/dl 2.0 (0.0–5.4) 13.4 (2.3–28.4) <0.001

Leukocyte count, /nl 5.68 (3.61–6.88) 6.99 (3.92–7.82) 0.071

ALP: alkaline phosphatase; ALT: alanine transaminase; AST: aspartate transaminase; CRP: C-reactive protein; gGT: gamma-glutamyltrans-

ferase; INR: international normalized ratio; IQR: interquartile ratio; HCC: hepatocellular carcinoma; LT: liver transplant; U/l: units per liter;

VWF-Ag: Von Willebrand factor antigen

Table 3. Univariate and multivariate analysis. Results of univariate and multivariate analyses for the identification of

independent risk factors that predicted re-transplantation-free survival after the first liver transplantation

Univariate Multivariate

hazard ratio (95% CI) p hazard ratio (95% CI) p

Age 0.957 (0.878–1.043) 0.318

Gender, male 0.423 (0.085–2.098) 0.292

Time since LT, months 0.997 (0.984–1.011) 0.686

Donor age, years 1.059 (0.987–1.136) 0.109

Cold ischemia time, h 0.766 (0.504–1.167) 0.215

HCC prior to LT 0.898 (0.164–4.904) 0.901

MELD score 1.199 (1.055–1.362) 0.005 1.129 (0.823–1.547) 0.452

VWF-Ag, % 1.007 (1.003–1.012) <0.001 1.009 (1.001–1.016) 0.018

ALT, U/l 1.019 (1.008–1.029) 0.001 1.008 (0.991–1.026) 0.344

ALP, U/l 1.003 (1.001–1.005) 0.001 1.005 (1.002–1.008) 0.002

CRP, mg/dl 1.014 (0.996–1.032) 0.130

ALP: alkaline phosphatase; ALT: alanine transaminase; CRP: C-reactive protein; HCC: hepatocellular carcinoma; LT: liver transplant; MELD:

model of end-stage liver disease; U/l: units per liter; VWF-Ag: Von Willebrand factor antigen
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coronary artery disease.7 To summarize, some of the
major reasons for morbidity and mortality after LT,4

namely liver-related and cardiovascular causes as well
as infectious complications, are accompanied by
increased VWF levels. It thus seems plausible that
VWF-Ag provides an integral measurement of these
important complications and causes of death after
LT; however, in our study the causes for re-transplan-
tation or death were of hepatobiliary origin, in most
patients. Thus, further studies are needed to investigate
whether VWF-Ag elevation is also a predictor of death
due to cardiovascular or infectious causes in patients
after LT.

In addition to VWF-Ag, we also found ALP to be
independently associated with the primary endpoint.
Interestingly, this finding is in line with results that
identified ALP as an important predictor of cholestatic
liver disease, such as primary biliary cirrhosis14–16 and
primary sclerosing cholangitis.13,17,18 Among the hepa-
tobiliary complications after LT, non-anastomotic bil-
iary strictures or ischemic-type biliary lesions that occur
in approximately 5–15% of patients are among the
most challenging to treat and worrisome, with regard
to their prognosis.19,20 Thus, it is not surprising that
ALP also predicted outcome in patients after LT; and
consequently, combining VWF-Ag and ALP in a
simple score demonstrated excellent prediction of re-
transplantation-free survival. ALP and the new score
did not predict outcome in the cohort of patients with
ESLD, yet only few patients had cholestatic liver dis-
ease in that cohort.

Although we cannot provide a precise pathophysio-
logical explanation for our findings (which would have
been far beyond the scope of this study) several mech-
anisms seem possible. First, VWF is a well-established
marker of endothelial dysfunction8 and it is increased in
cases of cardiovascular or inflammatory pathology.7

The relationship to portal pressure might be due to
endothelial dysfunction as well, and explain the good
predictive capacity of VWF-Ag in ESLD. Because most
of the patients in our study died or underwent re-LT
because of hepatic causes, we assume that elevation of
VWF-Ag in these patients is based on the same mech-
anisms as in cirrhotic patients prior to LT.

In contrast to scoring systems for outcome
prediction after LT, such as the donor risk index or
D-MELD,2,3 donor age and cold ischemia time were
not associated with graft survival in our cohort. In con-
trast to the two aforementioned scores, which were
shown to predict outcome in the months and first
years after LT, our study was conducted in outpatients
a median of 35 months after liver transplantation. This
difference could explain the diminished influence of
donor age and cold ischemia time. Of interest in
future studies should be to investigate VWF-Ag at

fixed time points (e.g. 6 months) after LT, as this
could further enhance the clinical application of
VWF-Ag measurement after LT.

This prospective study is the first to investigate
VWF-Ag as a marker of survival in patients after LT
and it confirmed results from pre-LT patients.
Nevertheless, some limitations have to be noted:
Patients with an increased VWF-Ag as well showed
worse liver function, compared to patients with lower
VWF-Ag. Thus, it cannot be excluded that VWF-Ag is
only a surrogate marker of liver function. We aimed to
address this in the multivariate analysis, which revealed
that in contrast to VWF-Ag, the MELD score and
ALT were not associated with patient outcome.
VWF-Ag is further elevated in an acute-phase reaction;
thus, the correlation with CRP was not surprising. CRP
levels were further increased in patients who died or
underwent re-LT, compared to those alive at the end
of the study; however, CRP was as well not associated
with the patients’ outcome in the multivariate analysis.
We thus concluded that there is additional value
derived from VWF measurement, in addition to
their MELD score or CRP. Since patients were
screened during their regular follow-up in our out-
patient clinic, the time point of VWF-Ag measure-
ment after LT was heterogeneous. We thus
separately analyzed those patients with VWF-Ag
measurement performed within the first year after
LT, which confirmed the results. Additionally, in six
patients we were able to identify further VWF-Ag
measurements during follow-up. In four patients,
VWF-Ag was below the threshold of 286.8% in
both measurements, while it was above the threshold
in both measurements in one patient. The last patient
developed portal hypertension due to stenosis of the
venous piggyback anastomosis and the VWF-Ag con-
sequently rose from 184.3% to 335.8%. This further
supported the idea of regular VWF-Ag assessment
during the follow-up after LT. Despite the above-
mentioned minor limitations, our study, being the
initial study to address VWF-Ag after LT, profits
from its prospective design and the validation of
results in a second cohort.

To summarize, we demonstrated for the first time
that VWF-Ag is a marker of prognosis after LT. Our
findings should promote further investigation of VWF-
Ag in patients after LT and possibly the future
implementation of VWF-Ag measurement in clinical
practice, to identify patients who might benefit from
closer follow-up or require consideration for
re-transplantation.
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