University of Groningen

Pathophysiology and management of hemostatic alterations in cirrhosis and liver
transplantation
Arshad, Freeha

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Arshad, F. (2016). Pathophysiology and management of hemostatic alterations in cirrhosis and liver
transplantation. [Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverneamendment.
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 10-01-2023

Pathophysiology and Management
of Hemostatic Alterations in Cirrhosis
and Liver Transplantation
Freeha Arshad

The study described in Chapter 7 was partially funded by Sanquin Plasma Products B.V.
For printing of this thesis, financial support of the following institutions and companies
is gratefully acknowledged:

Arshad, F
Pathophysiology and management of hemostatic alterations in cirrhosis and liver
transplantation
Thesis, University of Groningen, the Netherlands
E-publication available at https://epubs.ogc.nl/?epub=f.arshad
ISBN (printed version): 978-94-6169-908-4
ISBN (electronic version): 978-94-6169-924-4
© Copyright 2016 Freeha Arshad, the Netherlands
All rights reserved. No parts of this thesis may be reproduced, stored in a retrieval
system or transmitted in any form or by any means, without permission of the author.
Cover design: Freeha Arshad
Lay-out and printed by: Optima Grafische Communicatie, Rotterdam, the Netherlands

Pathophysiology and Management of
Hemostatic Alterations in Cirrhosis
and Liver Transplantation

Proefschrift

ter verkrijging van de graad van doctor aan de
Rijksuniversiteit Groningen
op gezag van de
rector magnificus prof. dr. E. Sterken
en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op
woensdag 7 september 2016 om 14.30 uur

door

Freeha Arshad
geboren op 22 april 1984
te Amsterdam

Promotores
Prof. dr. R. J. Porte
Prof. dr. T. Lisman
Copromotor
Dr. M.T. de Boer
Beoordelingscommissie
Prof. dr. A.M.G.A. de Smet
Prof. dr. J. Pirenne
Prof. dr. K. Meijer

TABLE OF CONTENTS
Chapter 1

General introduction and outline of this thesis

9

Part A. Hemostatic drugs in patients with cirrhosis
Chapter 2

Infusion of DDAVP does not improve primary hemostasis in
patients with cirrhosis
Liver International. 2015;35:1809-1815.

21

Chapter 3

Differential in vitro inhibition of thrombin generation by
anticoagulant drugs in plasma from patients with cirrhosis
PlosOne. 2014;9:e88390; doi:10.1371/journal.pone.0088390.

35

Chapter 4

Routine coagulation assays underestimate levels of
antithrombin-dependent but not of direct anticoagulant
drugs in plasma from patients with cirrhosis
British Journal of Haematology. 2013;163:666-673.

55

Part B. Blood loss and prevention of blood loss and RBC transfusion during liver
transplantation
Chapter 5

Physiology, prevention, and treatment of blood loss during
liver transplantation
In: Wagener G, editor. Liver Anesthesiology and Critical Care
Medicine. Springer; 2012. p. 169-179.

73

Chapter 6

Red blood cell transfusion requirements during orthotopic
liver transplantation have increased after market withdrawal
of aprotinin
Submitted for publication.

93

Chapter 7

Prothrombin complex concentrate in the reduction of blood
loss during orthotopic liver transplantation: PROTON-trial
BMC Surgery. 2013; 13: 22.

107

Chapter 8

Serum markers of portal hypertension are associated with
blood loss and transfusion requirements during orthotopic
liver transplantation
Submitted for publication.

131

Part C. The hemostatic status of the liver transplant recipient
Chapter 9

Hypercoagulability as a contributor to thrombotic
complications in the liver transplant recipient
Liver International. 2013;33:820-827.

145

Chapter 10

Abnormal hemostatic function one year after orthotopic
liver transplantation can be fully attributed to endothelial
cell activation
F1000. 2014;3:103. doi:10.12688/f1000research.3980.2.

163

Chapter 11

Summary

181

Chapter 12

Discussion and future perspectives

189

Nederlandse samenvatting
List of publications
Dankwoord
Biography
List of abbreviations

205
213
219
201
229

CHAPTER 1

1

General introduction and outline of
this thesis

2
3
4
5
6
7
8
9
10
11
12
9

General introduction and outline of this thesis

The hemostatic system in cirrhosis
In chronic liver disease such as cirrhosis, the synthetic capacity of the liver is compromised which results in a deficiency of both pro- and antihemostatic proteins. As a result,
the hemostatic system in cirrhotic patients is disturbed, yet in a rebalanced state (1). Due
to decreased hemostatic proteins on both axis of the hemostatic balance, the rebalanced
hemostasis is more vulnerable for decompensation by certain factors such as infection,
surgery, and blood loss resulting in either hypo-, or hypercoagulability (Figure 1; Chapter 5). As a result, patients with cirrhosis are not only prone to bleeding, but also prone
to develop thromboembolic complications such as deep vein thrombosis, pulmonary
embolism, and portal vein thrombosis (2-6).
In patients with cirrhosis, conventional coagulation tests, including the prothrombin
time (PT) or international normalized ratio (INR), and the activated partial thromboplastin time (APTT) are often prolonged. These prolonged tests, amongst other factors, have
led to the assumption that patients with cirrhosis are hypocoagulable. It has become
evident however, that these tests do not adequately represent the hemostatic capacity
in these patients, since they only account for the deficiency in procoagulant proteins
without taking the deficiency of anticoagulant proteins into account (7). In the clinical
setting, these tests fail to predict blood loss and transfusion requirements in patients
undergoing orthotopic liver transplantation (OLT) (8), and patients with prolonged PT/
APTT are still prone for thrombotic complications. During OLT, patients with prolonged
PT/APTT may suffer from hardly any blood loss while patients with relatively normal PT/
APTT may experience severe blood loss (9).

1

Pro- and anticoagulant therapy in patients with cirrhosis
Since conventional coagulation tests do not adequately assess the hemostatic capacity
and currently no other reliable laboratory tests are available for daily clinical practice, it
remains difficult to assess the true hemostatic state of the cirrhotic patient and to decide
for either anti- or pro coagulant therapy. The bleeding- as well as the thrombotic complications occurring in cirrhotic patients indicate a necessity for prophylactic treatment.
For instance, prothrombin complex concentrates (PCC) and 1-deamino-8-D-arginine
vasopressin (DDAVP) may be effective in the prevention of blood loss during invasive
procedures. Anticoagulant therapy such as low molecular weight heparin or direct factor Xa or IIa inhibitors may be helpful in the prevention of portal vein thrombosis (PVT)
in cirrhotic patients or hepatic artery thrombosis after OLT. Research on the effect of
pro- and anticoagulant drugs on the hemostatic system of cirrhotic patients is essential
and can also aid in determining the best dosages for different categories of patients.
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The role of portal hypertension in cirrhosis
Besides the altered hemostatic system in cirrhosis, portal hypertension may play a significant role in the development of bleeding during invasive procedures, such as OLT. Portal
hypertension causes formation of varices in collateral portal and splanchnic circulation.
Around the liver, the increased pressure in local collateral circulation can cause increased
blood loss during surgery. It has been demonstrated that a restrictive transfusion policy
and maintaining a low central venous pressure (CVP) reduces blood loss and transfusion
during OLT (10, 11). While this provides indirect clinical evidence for the contribution of
portal hypertension in the bleeding diathesis during OLT, direct evidence is still missing.
As currently many centers are maintaining a low central venous pressure (CVP) during
OLT and are not routinely correcting pre-operatively prolonged INR by transfusion of
fresh frozen plasma (FFP) to avoid aggravation of portal hypertension, research on the
efficacy of low-volume hemostatic agents such as PCC is an important next step for the
hemostatic management of cirrhotic patients undergoing OLT.

The hemostatic system after OLT
Patients recovering from OLT often display normalization of the PT and APTT as their
liver function restores back to normal. However, the relatively high incidence of the
early and late postoperative vascular complications and death due to vascular disease
suggest a hypercoagulable state (12, 13), likely related to the use of immunosuppressive
medication in these patients. Early post-operative assessment of the hemostatic system
in patients after OLT indeed has indicated evidence of hypercoagulability (14,15), mostly
related to a severe Von Willebrand factor (VWF)/ADAMTS13 dysbalance, overall surgical
stress, and as a result of hypofibrinolysis due to increased levels of plasminogen activator inhibitor type 1 (PAI-1). The long term function of the hemostatic system after OLT
has not yet been studied.

Outline of this thesis
The scope of this thesis is to further investigate and explore the hemostatic system in
the three main clinical stages: the pre-transplant cirrhotic stage, the actual transplant
stage, and the long term post-transplant stage. This thesis is therefore divided into three
parts, focusing on:
A) Hemostatic drugs in patients with cirrhosis
B) Blood loss and the prevention of blood loss and transfusion during OLT
C) The hemostatic status of the liver transplant recipient

PART A. Hemostatic drugs in patients with cirrhosis
The aim of this section is to gain better understanding of the efficacy and working
mechanism of various hemostatic drugs in patients with cirrhosis. DDAVP is a prohemo-
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static drug frequently used in patients with hemophilia A and Von Willebrand disease
to reduce bleeding during dental or surgical procedures. The working mechanism of
DDAVP has been ascribed to the elevation of plasma levels of VWF and Factor VIII (FVIII)
(16). It has also been used in patients with cirrhosis, although the efficacy in this patient
population is debated. In Chapter 2 we describe a prospective interventional study in
which we investigated the effect of DDAVP on indices of hemostasis after intravenous
administration in patients with cirrhosis.
With the increasing recognition of various thrombotic complications in cirrhotic
patients, anticoagulant therapy in patients with cirrhosis may be expected. Due to the
limited clinical experience in this patient group, the efficacy of various anticoagulant
drugs is still unknown. In vitro studies have demonstrated that low molecular weight
heparin (LMWH) has a more profound anticoagulant effect in plasma from patients
with cirrhosis as compared to plasma from healthy controls (17). The possibility of
increased response to anticoagulant drugs may have important consequences for the
correct dosing in patients with cirrhosis. In Chapter 3 we describe an in vitro study in
which we investigated the anticoagulant potencies of unfractionated heparin, LMWH,
fondaparinux, dabigatran and rivaroxaban in plasma from patients with cirrhosis.
Adequate monitoring of anticoagulant therapy is essential in patients with cirrhosis
considering the fragile hemostatic balance in these patients and the possibility of
increased responsiveness to anticoagulant drug. In Chapter 4 we describe an in vitro
study that assesses the accuracy of routine monitoring assays on various anticoagulant
drugs in plasma from patients with cirrhosis.

1

PART B. Prevention of blood loss and transfusion during OLT
The aim of this section is to provide more insight in various factors contributing to
blood loss during OLT. Due to various developments, blood loss and red blood cell (RBC)
transfusion requirements during OLT have significantly decreased in the past decades.
However, a relatively low amount of RBC transfusion can still cause an increase in
postoperative morbidity and mortality (18). In Chapter 5 we discuss causes of bleeding
during OLT, strategies to prevent blood loss, and treatment possibilities in case severe
bleeding does occur.
Hyperfibrinolysis during the anhepatic and the post-reperfusion phase of OLT plays
an important role in blood loss. Aprotinin is an antifibrinolytic drug that was frequently
used prior to 2007 to reduce blood loss in patients undergoing OLT. The use of aprotinin
was discontinued in 2007 after the publication of a study in patients undergoing cardiac
surgery, which revealed increased thromboembolic events, mortality, and renal dysfunction associated with the use of aprotinin. In Chapter 6 we describe a retrospective
study that investigated the impact of the discontinuation of aprotinin on blood loss and
RBC transfusion requirements during OLT.
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Besides the hemostatic alterations, there is emerging evidence that portal hypertension plays a major role in the increased blood loss during OLT. PCC is a low volume
hemostatic product containing both pro-and anticoagulant factors, which in theory
should strengthen the hemostatic balance without aggravating portal hypertension in
patients with cirrhosis. In Chapter 7 we describe the protocol for a multicenter randomized controlled trial that was designed to investigate the efficacy and safety of PCC in
reducing blood loss and RBC transfusion requirements during OLT in patients with cirrhosis. This trial is still ongoing.
In Chapter 8 we describe a retrospective cohort study in which we aimed to further
establish the role of portal hypertension as a contributor to blood loss and RBC transfusion requirements during OLT. For this study we assessed the predictive value of pretransplant serum markers of portal hypertension regarding intraoperative blood loss
and transfusion requirements in patients undergoing OLT.

PART C. The hemostatic status of the liver transplant recipient
The aim of this section is to describe the long term changes in the hemostatic state of
liver transplant recipients. While previously it has been demonstrated that patients with
end stage liver disease can depict signs of hypocoagulability as well as hypercoagulability before, during, and directly after OLT, literature on the long term effects after
liver transplantation is lacking. Adequate assessment of the hemostatic state of liver
transplant recipient in the long term is critical for adequate treatment and prevention
of vascular disease.
In Chapter 9 we review and summarize evidence for a hypercoagulable hemostasis as
a contributor to thrombotic complications in the liver transplant recipient.
In Chapter 10 we describe a cross-sectional study in which the hemostatic status of
the liver transplant recipient one year after OLT was assessed by measuring indices of
hemostasis in plasma from these patients.
In Chapter 11 the results as described in this thesis are summarized. In Chapter 12
future perspectives in the field of hemostasis in liver disease and OLT are discussed.
Chapter 13 provides a Dutch summary of this thesis.
In summary, the aims of this thesis were:
1) To investigate the efficacy of various anticoagulant drugs, and the reliability of
current monitoring assays for these anticoagulant drugs in plasma from patients
with cirrhosis.
2) To investigate the hemostatic efficacy of DDAVP in patients with cirrhosis.
3) To summarize current insights in physiology, prevention and treatment of blood
loss during OLT.
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4) To investigate the contribution of portal hypertension in blood loss during OLT.
5) To discuss and investigate the efficacy and safety of PCC and antifibrinolytic
therapy in reducing blood loss during OLT.
6) To review and summarize evidence for a hypercoagulable hemostatic system in
liver transplant recipients.
7) To investigate the long-term hemostatic status in liver transplant recipients.

1
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ABSTRACT
Background: Cirrhosis frequently affects multiple components of hemostasis. Reversal
of the coagulopathy of these patients is frequently required in case of bleeding episodes, or as prophylaxis before invasive procedures. Although 1-deamino-8-D-arginine
vasopressin (DDAVP) is widely used as a pro-hemostatic agent in patients with cirrhosis,
it is unclear whether DDAVP truly enhances hemostasis in these patients. Here we
investigated the hemostatic effects of a single bolus of DDAVP in patients with cirrhosis.
Methods: Ten patients with cirrhosis (child B or C) and ten patients with mild hemophilia
A received an intravenous single bolus of 0.3 microgram/kg DDAVP. Plasma was collected
prior to and at 1, 3, 6, and 24 hours after DDAVP administration. Levels of Von Willebrand
factor (VWF), VWF propeptide, factor VIII (FVIII), and ADAMTS13 were measured in all
plasma samples, whereas VWF multimers and functional VWF-dependent platelet adhesion were determined in the samples pre- and 1 hour after DDAVP administration.
Results: Following DDAVP administration, VWF, FVIII, and VWF propeptide levels
increased in patients with hemophilia, while patients with cirrhosis only showed an
increase in VWF propeptide and FVIII levels. High molecular weight VWF multimers
and VWF-dependent platelet adhesion increased in patients with hemophilia one hour
after DDAVP administration, but did not change in the patients with cirrhosis. Levels of
ADAMTS13 were unaffected in both patient groups after DDAVP.
Conclusion: The lack of relevant effects of DDAVP of laboratory indices of primary hemostasis in patients with cirrhosis is in line with previous clinical study results in these
patients.
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INTRODUCTION
Cirrhosis is associated with multiple changes in the hemostatic system including thrombocytopenia and platelet function defects, decreased circulating levels of pro- and anticoagulant factors, increased levels of von Willebrand factor (VWF) and factor VIII, (FVIII)
and decreased levels of fibrinolytic proteins (1). Cirrhosis has long been considered as a
bleeding disorder, but it has become generally accepted that the hemostatic changes
in cirrhosis may result in both bleeding and thrombotic complications (2). Nevertheless,
reversal of the coagulopathy of these patients is frequently required in case of bleeding
episodes, or as prophylaxis before invasive procedures.
Administration of 1-deamino-8-D-arginine vasopressin (DDAVP) has been shown to
correct the skin bleeding time in patients with cirrhosis (3-5). Not much is known on the
mechanism by which DDAVP would shorten the bleeding time in cirrhosis. The efficacy
of DDAVP in patients with mild hemophilia A or type 1 Von Willebrands disease has been
ascribed to an elevation of circulating levels of VWF and factor FVIII (6). However, since
VWF and FVIII levels in cirrhosis are already substantially elevated (7, 8), it is unclear
whether a further elevation in levels would exert any relevant prohemostatic effect. It
has been demonstrated previously that VWF and FVIII levels increase in patients with
cirrhosis after an intravenous, but not after a subcutaneous injection of DDAVP (3-5).
Clinical data available from controlled studies indicate a lack of efficacy in patients with
bleeding varices and in patients undergoing liver transplantation (9, 10).
The multimeric composition of VWF is controlled by a VWF-cleaving protease, ADAMTS13 (a disintegrin and metalloproteinase with a thrombospondin type 1 motif,
member 13). A complete deficiency of this protein results in diffuse microthrombosis
as a result of spontaneous platelet clumping by ultra-large VWF multimers, a disease
referred to as thrombotic thrombocytopenic purpura (11). Infusion of DDAVP has been
shown to result in a transient decrease of ADAMTS13 plasma levels, which may reflect
consumption of ADAMTS13 in the process of active proteolysis of the DDAVP-induced
release of ultra-large VWF molecules (12).
We investigated the potential pro-hemostatic effects of DDAVP in patient with cirrhosis to provide a rationale for the use of DDAVP as a pro-hemostatic agent in such
patients.

2

METHODS
Patient group
Ten adult patients with stable cirrhosis (Child-Pugh score B or C) and ten adult patients
with hemophilia A were included in this study between October 2011 and August 2013.
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Exclusion criteria for both groups were known malignancies, active infection, renal
failure, congenital hemostatic disorders (other than hemophilia A), recent transfusion of
blood products, and the use of vitamin-K antagonist therapy. A small questionnaire was
used to collect demographic information.
Written informed consent was obtained from every subject participating in this study.
The study was approved by the local Medical Ethics Committee from the University
Medical Center Groningen. Study procedures were in accordance with the Helsinki Declaration of 1975. Hemophilia patients were recruited from the Erasmus University Medical Center in Rotterdam, and the study was approved by the local ethical review board.

Intervention
All participating patients received a single bolus dose of DDAVP (0,3 μg/kg) through an
intravenous catheter.

Plasma samples
Prior to, and 1, 3, 6, and 24 hours after DDAVP administration blood samples were drawn
by vena-puncture and collected into vacuum tubes containing 3.8% trisodium citrate
as an anticoagulant, at a blood to anticoagulant ratio of 9:1. Platelet poor plasma was
prepared by double centrifugation at 2000g and 10.000g respectively for 10 min. Plasma
was snap-frozen in liquid nitrogen and stored at -80 °C until use.

VWF and ADAMTS13 assays
Plasma levels of VWF were determined with an in-house enzyme-linked immunosorbent
assay (ELISA) using commercially available polyclonal antibodies (DAKO, Glostrup, Denmark). VWF propeptide levels were determined using a commercially available ELISA
from GTI Diagnostics (Aachen, Germany) according to the manufacturer’s protocol.
ADAMTS13 activity was measured in plasma which was pretreated with bilirubin
oxidase (10U/mL; Sigma-Aldrich, Zwijndrecht, The Netherlands) to avoid interference of
bilirubin with the assay (13). ADAMTS13 activity was assessed using the FRETS-VWF73
assay (Peptanova, Sandhausen, Germany) based on method described by Kokame et al
(13). The antigen levels of VWF and the activity of ADAMTS13 in pooled normal plasma
were set at 100%, and values obtained in test plasmas were expressed as a percentage
of pooled normal plasma.

VWF multimers
VWF multimer analysis was performed by sodium dodecyl sulfate agarose gel electrophoresis followed by western blotting. The blots were incubated with rabbit anti-VWF
antibody (DAKO) and goat anti-rabbit IRDye 800 CW (LI-COR Biosciences, Lincoln, NE).
The first five bands were considered as low-molecular weight multimers, whereas
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other bands were considered as high molecular weight (HMW) multimers. The blots
were scanned by the Odyssey Imager (Westburg, Leusden, The Netherlands) and were
quantified by morphometric analysis using the ImageScope software package (Aperio,
Vista, CA). After shading correction and interactive thresholding, the selected positive
pixels were measured. The positive area was the sum of the area of positive pixels of
low-molecular weight and HMW bands. Data was expressed as the percentage of HMW
multimers per total VWF multimers, which equals the percentage of positive pixels in
the HMW band area per total positive pixel area.

2

Factor VIII
Levels of FVIII were measured on an automated coagulation analyzer (ACL 300 TOP) with
reagents and protocols from the manufacturer (Hemosil (R) SynthASil and FVIII depleted
plasma; Instrumentation Laboratory, Breda, the Netherlands).

Platelet Adhesion Assay
The ability of VWF to support platelet adhesion was studied under flow conditions in a
reconstituted blood model. Red blood cells and platelets were isolated from whole blood
of healthy volunteers who had blood group O as described previously (14). Cells were
mixed with patient plasma or plasma from healthy volunteers to obtain reconstituted
blood with a hematocrit of 40% and a platelet count of 250.000/μL. VWF-dependent
platelet adhesion in reconstituted blood samples was assessed using a cone and plate
viscometer (Diamed Impact R, Turnhout, Belgium). Uncoated Diamed wells were perfused at shear rate of 1,800/second for 2 minutes according to the instructions of the
manufacturer. Platelet adhesion was quantified using May-Grünwald staining followed
by software-assisted morphometric analysis using the Diamed apparatus and software
delivered by the manufacturer.

Statistical analyses
Data are presented as medians with interquartile range (IQR) or as numbers with percentages. The one-way ANOVA with Dunnett’s post hoc test was used to compare levels
of VWF, VWF propeptide, FVIII, and ADAMTS13 at the various time points after DDAVP
administration to the baseline values. Correlations between VWF levels or differences in
VWF level after DDAVP and the Child-Pugh score were determined by Pearson’s correlation coefficient. The paired t-test was used to analyze differences in VWF multimer release and VWF-dependent platelet adhesion between baseline and 1 hour after DDAVP
administration. A p-value <0.05 was considered statistically significant. Analyses were
performed using GraphPad Prism (San Diego, USA) and the statistical software package
SPSS 15.0 (SPSS Inc., Chicago, IL).
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RESULTS
Patient characteristics
Patient characteristics are shown in Table 1. Patients with cirrhosis had higher levels of
VWF, FVIII and VWF propeptide at baseline compared to patients with mild hemophilia
A. Baseline levels of VWF in patients with cirrhosis increased with the severity of disease
as assessed by the Child-Pugh scores (r=0.85, p=0.002). Baseline levels of ADAMTS13
were comparable in both groups. VWF propeptide /antigen ratio was strongly increased
at baseline in patients with cirrhosis.
Table 1. Patient characteristics
Hemophilia A
n=10

Patient group

Cirrhosis
n=10

Age (years)

46 (40-55)

55 (47-58)

Male/female ratio

10/0

8/2

BMI
Child-Pugh Classification
Etiology of liver disease
(number of patients)

Laboratory values (at
baseline)

26 (23-32)

26 (24-35)

Child B

N/A

6 (60%)

Child C

N/A

4 (40%)

Biliary cirrhosis

N/A

1 (10%)

Alcoholic cirrhosis

N/A

5 (50%)

Haemochromatosis

N/A

1 (10%)

Alcohol + NASH
and NASH

N/A

2 (20%)

NASH

N/A

1 (10%)

Hemoglobin (mmol/L)

not determined

7.2 (6.4-8.3)

Platelets (109/L)

242.0 (168.8-260.3)

95.5 (58.5-148.5)

INR

not determined

1.4 (1.3-1.8)

Creatinine (umol/L)

not determined

66.5 (53.8-88.3)

Bilirubin (umol/L)

not determined

89.5 (53.0-126.0)

Albumin (g/l)

not determined

31 (26.5-33.5)

VWF (%)

114 (94.5-164.3)

521 (238-643.8)

ADAMTS13 (%)

76.6 (57.3-87.9)

93.9 (59.2-130.4)

VWF propeptide (%) (%)
(%)(U/dl)

108.5 (97.3-121.3)

284 (236.5-392.8)

FVIII (%)

20 (12.3-38)

152.5 (117.3-193.8)

Data are presented as medians with IQR, as ratio, or as numbers with percentages.
N/A=not applicable; BMI= body mass index; NASH= non-alcoholic steatotic hepatitis; INR= international
normalized ratio; VWF= Von Willebrand factor; ADAMTS13= a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13; FVIII= factor VIII.
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VWF, VWF propeptide, FVIII, and ADAMTS13 after DDAVP administration
Following administration of DDAVP, patients with hemophilia showed a significant increase in levels of VWF after 1 hour, followed by a steady decrease over time (Figure 1). In
patients with cirrhosis, there was no significant change in levels of VWF following DDAVP
administration. However, in some patients with cirrhosis, VWF levels slightly increased.
The difference in VWF levels between baseline and 1 hour after DDAVP administration
was inversely correlated with Child-Pugh scores (r=0.72, p=0.019). In other words, only in
those patients with a low Child-Pugh score, a slight increase in VWF levels was detected.
Despite the absence of an increase in VWF plasma levels in patients with cirrhosis,
levels of VWF propeptide did increase significantly 1 hour after DDAVP administration,
although the relative increase in VWF propeptide following DDAVP in patients with
hemophilia was much more pronounced (Figure 1).
Both patients with hemophilia and patients with cirrhosis showed an increase in levels
of FVIII 1 hour after DDAVP administration, but the increase in the patients with cirrhosis
did not reach statistical significance (Figure 2).

Patients with hemophilia















































































 





 





































 



 

Patients with cirrhosis
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Figure 1. VWF antigen (A,B) and VWF propeptide (C,D) levels in patients with hemophilia (A,C) or cirrhosis
(B,D) at baseline (t0), and 1, 3, 6, and 24 hours (t1, t3, t6, t24) after DDAVP administration. Bars indicate
medians, error bars indicate IQR. * indicates p<0.05; ** indicates p<0.01; *** indicates p<0.001, all versus
baseline.
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Patients with hemophilia
 

Patients with cirrhosis





 











 








































 

 



 
















































Figure 2. FVIII (A,B), and ADAMTS13 (C,D) levels in patients with hemophilia (A,C) or cirrhosis (B,D) at baseline (t0), and 1, 3, 6, and 24 hours (t1, t3, t6, t24) after DDAVP administration. Bars indicate medians, error
bars indicate IQR. * indicates p<0.05; versus baseline.
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Figure 3. A. Proportion of HMW-VWF multimers in plasma from patients with hemophilia (left) or patients
with cirrhosis (right) taken at baseline (t0) and 1 hour after DDAVP administration (t1). B, C. Capacity of
plasma from patients with hemophilia (left) or patients with cirrhosis (right) at baseline (t0) and 1 hour after
DDAVP administration (t1) to support platelet adhesion (B) and aggregation (C) under conditions of flow.
Bars indicate medians, error bars indicate IQR.
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ADAMTS13 activity did not change over time following DDAVP administration in both
patients with cirrhosis and patients with hemophilia (Figure 2).

VWF multimer pattern and VWF-dependent platelet adhesion following
administration of DDAVP
One hour following DDAVP administration, the proportion of high molecular weight
VWF multimers increased significantly in patients with hemophilia but not in the
patients with cirrhosis (Figure 3A). In line with the increase in the proportion of high
molecular weight VWF multimers, VWF-dependent platelet adhesion and aggregation
under conditions of flow substantially increased 1 hour after DDAVP administration
in patients with hemophilia. Although there was a slight increase in platelet adhesion
and aggregation in the patients with cirrhosis, this difference did not reach statistical
significance (Figure 3B and C).

2

DISCUSSION
The combined results of our investigation show that administration of a single standardized dose of DDAVP to patients with cirrhosis resulted in minor changes in indices of
primary hemostasis compared to changes observed following DDAVP administration
to patients with mild hemophilia A. The hemostatic effect of DDAVP is assumed to be
dependent on elevation of circulating levels of VWF and FVIII. Whereas VWF and FVIII
substantially increased in patients with mild hemophilia A, the effects in patients with
cirrhosis were marginal. Although these results and published clinical studies (9, 10)
suggest a lack of hemostatic effect of DDAVP in patients with cirrhosis, we did observe
a slight, although not statistically significant, improvement of the capacity of patient
plasma to support platelet adhesion in a flow-based model. The latter results are consistent with the improvement in skin bleeding time following administration of DDAVP
(3-5).
Although there are a number of studies showing a lack of clinical effect of DDAVP in
patients with cirrhosis, a recent randomized controlled study suggested that DDAVP is
as effective as transfusion of blood products in preventing blood loss in patients (15).
However, a drawback of this study was the absence of a non-treated control group,
which makes it impossible to determine whether DDAVP and blood products are
equally effective in preventing blood loss, or that neither intervention is effective. The
latter possibility is plausible in view of the recently changed insights in the hemostatic
management of patients with cirrhosis (1, 16).
Two previous studies in which DDAVP was administered intravenously to patients
with cirrhosis showed significant elevations of VWF plasma levels (3,4), whereas one
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study employing subcutaneous DDAVP reported no increase in VWF plasma levels (5).
Although we cannot fully explain the discrepancy between the studies, we speculate
that only in those patients with relatively mild disease and consequently moderately
elevated VWF levels, administration of DDAVP can result in a slight elevation of VWF
plasma levels. Indeed, in the two studies in which DDAVP administration did result in
significant elevations of VWF plasma levels, baseline VWF levels were much lower than
in the present study as well as the study in which subcutaneous DDAVP was used.
The lack of VWF increase in patients with more advanced cirrhosis might be related to
continuous endothelial cell stimulation or dysfunction as described in cirrhotic patients
(17, 18). Continuous activation of endothelial cells in cirrhosis might lead to exhaustion of VWF in the endothelial cells rendering DDAVP stimulation ineffective. It has to
be noted that the level of endothelial cell activation (and thus the baseline VWF level)
may differ according to the etiology of disease, but to our knowledge this has not been
studied in detail. As our small patient cohort consisted primarily of patients with alcoholic liver disease, and as our cohort did not include patients with hepatitis-associated
cirrhosis, it is unclear whether our results are valid for cirrhosis of all etiologies.
Another explanation for the lack of increase in plasma VWF levels might be that
DDAVP-mediated released VWF in cirrhotic patients is instantly consumed. Such a consumptive process may either occur systemically, or within the diseased liver. Thrombi
within the cirrhotic liver have been demonstrated previously, providing support for
intrahepatic consumption (19). Alternatively, DDAVP-induced VWF may remain attached
to the activated endothelial cells which are known to have the capacity to bind VWF
(20). Consumption or endothelial attachment of DDAVP-released VWF would explain the
increase in VWF propeptide levels in patients with cirrhosis, which is released simultaneously with VWF from endothelial cells (21).
In contrast to a previous study in healthy volunteers and patients with type 1 von
Willebrand’s disease (12), we did not find a decrease in ADAMTS13 plasma levels following DDAVP administration. We have no explanation for this discrepancy, but do note
that there is no reason to assume that ADAMTS13 is consumed, inhibited, or cleared
following VWF proteolysis. The normal ADAMTS13 levels in patients with cirrhosis are at
variance, with some papers describing decreased levels of ADAMTS13 in cirrhosis (22,
23). Nevertheless, also normal to elevated levels of ADAMTS13 in cirrhosis have been
described in humans (14) and experimental animal models (24), which may be related to
the fact that the stellate cell is the primary site of ADAMTS13 biosynthesis (25).
We studied the effects of DDAVP administration in plasma-based assays of primary
hemostasis, as the DDAVP-induced increases in VWF and FVIII are thought to be important determinants of its hemostatic effect. However, DDAVP also appears to have direct
stimulatory effects on platelets (26,27), and future studies will be required to assess
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effects of DDAVP on platelets from patients with cirrhosis which is of particular interest
as cirrhosis may be associated with platelet function defects (28).
Our combined results suggest DDAVP to have minimal hemostatic effects in patients
with cirrhosis. DDAVP may be effective in patients with mild disease and relatively low
baseline VWF plasma levels, but clinical studies with relevant clinical endpoints will be
required to ascertain this.

2
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ABSTRACT
Background: Treatment and prevention of thrombotic complications is frequently required in patients with cirrhosis. However anticoagulant therapy is often withheld from
these patients, because of the perceived bleeding diathesis. As a result of the limited
clinical experience, the anticoagulant of choice for the various indications is still not
known.
Objectives: We evaluated the in vitro effect of clinically approved anticoagulant drugs
in plasma from patients with cirrhosis.
Methods: Thirty patients with cirrhosis and thirty healthy controls were studied. Thrombin generation assays were performed before and after addition of unfractionated
heparin, low molecular weight heparin, fondaparinux, dabigatran, and rivaroxaban, to
estimate anticoagulant potencies of these drugs.
Results: Addition of dabigatran led to a much more pronounced reduction in endogenous thrombin potential in patients compared to controls (72.6% reduction in patients
vs. 12.8% reduction in controls, p<0.0001). The enhanced effect of dabigatran was proportional to the severity of disease. In contrast, only a slightly increased anticoagulant
response to heparin and low molecular weight heparin and even a reduced response
to fondaparinux and rivaroxaban was observed in plasma from cirrhotic patients as
compared to control plasma.
Conclusions: The anticoagulant potency of clinically approved drugs differs substantially between patients with cirrhosis and healthy individuals. Whereas dabigatran
and, to a lesser extent, heparin and low molecular weight heparin are more potent in
plasma from patients with cirrhosis, fondaparinux and rivaroxaban showed a decreased
anticoagulant effect. These results may imply that in addition to dose adjustments
based on altered pharmacokinetics, drug-specific dose adjustments based on altered
anticoagulant potency may be required in patients with cirrhosis.
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INTRODUCTION
Chronic liver disease has long been considered as the epitome of acquired bleeding
disorders, due to clinically observed bleeding complications (e.g. variceal bleeding) in
combination with a decreased number and function of platelets, decreased synthesis
of coagulation factors by the diseased liver, and hyperfibrinolysis (1). Conventional coagulation tests such as the prothrombin time (PT) and activated partial thromboplastin
time (APTT), designed to assess isolated defects of pro-coagulants, but insensitive for
anticoagulant factors, are frequently prolonged in patients with cirrhosis suggesting
defective hemostasis and thus a bleeding tendency. Recently, more sophisticated
tests of hemostasis that allow assessment of the true balance between pro- and anticoagulant factors, have been used to reassess the hemostatic capacity of patients with
liver disease. In particular, thrombin generation testing performed in the presence of
thrombomodulin (TM) has demonstrated normal or even superior thrombin generation
compared to healthy volunteers (2-7). These experiments in conjunction with clinical
observations have led to the concept of ‘rebalanced hemostasis’, which suggests hemostatic balance by a concomitant decrease in both pro- and anticoagulant drivers (8, 9).
Although the hemostatic system of patients with liver disease is in a ‘rebalanced’ state,
clinical thrombotic events and bleeding complications suggest that this balance is more
unstable as compared to the balance in healthy individuals and can be easily tipped
over to a hyper- or a hypocoagulable state (10).
Despite historical beliefs that patients with liver disease are ‘auto-anticoagulated’,
thrombotic complications do occur in cirrhotic patients and form evidence for hypercoagulability in these patients (11, 12). Because of the perceived bleeding diathesis of liver
disease, prophylactic anticoagulant therapy is presumably underused in patients with
cirrhosis. Furthermore, treatment of thrombotic complications is frequently required, as
patients with liver disease can suffer from deep vein thrombosis or pulmonary embolism,
and portal vein thrombosis (11, 12). Moreover, patients may require anticoagulation for
systemic arterial events (12).
Nowadays, there is increasing recognition of various thrombotic complications that
may occur in patients with chronic liver disease and therefore an increase in the use of
anticoagulant therapy in these patients may be expected. Due to the limited clinical
experience, the anticoagulant of choice for the various indications is still unclear. Vitamin K antagonists have major drawbacks when used in cirrhotic patients, as vitamin
K antagonist therapy requires monitoring by the international normalized ratio (INR),
which is frequently already abnormal in cirrhotic patients. Clinical data on the use of low
molecular weight heparin (LMWH) indicate that the drug is safe and effective in both the
treatment and prevention of portal vein thrombosis (13, 14). In addition heparins appear
safe and effective in the prevention of venous thrombosis (15). However, the mode of
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administration of these agents as well as the concern for heparin-induced thrombocytopenia (HIT) may limit long-term use. In addition, monitoring of heparins is complicated
by the substantial underestimation of heparin levels when tested by an anti-Xa assay
(16-18). Finally, LMWH accumulation is known to occur in patients with renal failure,
and thus patients with chronic liver disease and decreased renal function likely require
dose-adjustments based on altered pharmacokinetics.
There is little published clinical experience with the new oral anticoagulants (NOACs)
such as the direct factor Xa and thrombin inhibitors rivaroxaban and dabigatran in
patients with a chronic liver disease. However, these new agents would be potentially
applicable in both long- and short term anticoagulant strategies in patients with cirrhosis, and such agents have (theoretical) advantages over currently used strategies (19).
Nevertheless, since currently available NOACs such as rivaroxaban and dabigatran are
cleared by liver and kidneys, it is conceivable that the pharmacokinetics of these drugs
is also altered in patients with (advanced) liver disease.
In vitro studies have demonstrated that LMWH has a more profound anticoagulant
effect in plasma from patients with cirrhosis as compared to plasma from healthy
controls (17). Possible increased responses to anticoagulant drugs may have important
consequences for the dosing regiments in these patients. In this study, we aimed to
investigate the efficacy of currently approved and widely used anticoagulant drugs by
performing in vitro thrombin generation tests in plasma of patients with cirrhosis.

METHODS
Patients
Thirty adult patients with a previous clinical diagnosis of cirrhosis, who were under routine control for their disease by the department of Hepatology of the UMCG or who were
admitted at the Hepatology ward of the UMCG, were included in the study. The patients
were classified according to the Child-Pugh classification (20). Ten patients with Child’s
A cirrhosis, 10 patients with Child’s B cirrhosis, and 10 patients with Child’s C cirrhosis
were studied. Exclusion criteria were documented history of congenital coagulation
disorders, presence of active infection (<2 weeks), presence of acute liver failure, use of
anticoagulant drugs in the past 10 days, pregnancy, HIV positivity, and recent (<7 days)
transfusion with blood products.
The control group consisted of thirty healthy adult volunteers working at our institution. Exclusion criteria for the control group were documented history of congenital
coagulation disorders, documented history of hepatic disease, recent viral infection (<2
weeks), use of anticoagulant drugs in the past 10 days, pregnancy, and HIV positivity.
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Ethics statement
This study protocol was approved by the medical ethical committee of the University
Medical Center Groningen, Groningen, the Netherlands. Written informed consent was
obtained from each subject before inclusion in the study. The study was conducted according to the principles expressed in the Declaration of Helsinki.

Plasma samples
Blood samples from each patient and control were drawn by clean vena-puncture and
collected into vacuum tubes containing 3.8% trisodium citrate as an anticoagulant,
at a blood to anticoagulant ratio of 9:1. Platelet poor plasma was prepared by double
centrifugation at 2000g and 10.000g respectively for 10 min. Plasma was snap-frozen
and stored at -80 °C until use.

3

Addition of anticoagulants to plasma samples
The following anticoagulants were added to plasma samples of every cirrhotic patient
and control. The mentioned concentrations represent final concentrations in plasma.
- Unfractionated heparin (Leo Pharma, Denmark), 0.1 U/ml
- The LMWH Clexane (Sanofi-Aventis BV, Gouda, the Netherlands), 0.2 U/ml
- Fondaparinux (Arixtra) (GlaxoSmithKline BV, Zeist, the Netherlands), 0.5 µg/ml
- Dabigatran (Alsachim, Illkirch Graffenstaden, France), 300 ng/ml
- Rivaroxaban (Alsachim, Illkirch Graffenstaden France), 25 ng/ml
The final concentrations of the various drugs were based on initial experiments in
which drugs were added in various concentrations to pooled normal plasma after which
thrombin generation was performed as described in the next paragraph. Those drugs
concentrations which gave appreciable (but not maximal) inhibition of thrombin generation in pooled normal plasma were selected so it would be possible to detect both
increased and decreased drug effects in patients compared to controls.

Thrombin generation
The thrombin generation test was performed using platelet-poor plasma (PPP) with
the fluorimetric method described by Hemker, Calibrated Automated Thrombography®
(CAT) (21). Coagulation was activated using commercially available reagents containing recombinant tissue factor (TF, final concentration 5 pM), phospholipids (final
concentration 4 μM), in the presence or absence of soluble thrombomodulin (TM, the
concentration of which is not revealed by the manufacturer). These reagents were
purchased from Thrombinoscope BV, Maastricht, The Netherlands. Thrombin Calibrator
(Thrombinoscope BV) was added to calibrate the thrombin generation curves. A fluorogenic substrate with CaCl2 (FluCa-kit, Thrombinoscope BV, Maastricht, The Netherlands)
was dispensed in each well to allow a continuous registration of thrombin generation.
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Fluorescence was read in time by a fluorometer, Fluoroskan Ascent® (ThermoFisher
Scientific, Helsinki, Finland). All procedures were according to the protocol suggested
by Thrombinoscope B.V.
The anticoagulant potency of the different drugs was expressed as the percentual
reduction of endogenous thrombin potential (ETP), peak, or velocity index, and the
percentual increase in lag time after the addition of anticoagulants. These percentages
were compared between patients and controls.

Routine coagulation laboratory tests
The INR was assessed with commercially available methods on an automated coagulation analyzer (ACL 500 TOP) with reagents (Recombiplastin 2G) and protocols from the
manufacturer (Instrumentation Laboratory, Breda, the Netherlands). Levels of factor (F)
VIII, II, and X, and antithrombin (AT) were measured on an automated coagulation analyzer (ACL 500 TOP) with reagents and protocols from the manufacturer (Recombiplastin
2G for FII and FX, Hemosil (R) SynthASil for FVIII, and Liquid Antithrombin reagent for
AT) (Instrumentation Laboratory). Total protein S antigen was assayed by enzyme-linked
immunosorbent assay (ELISA) using antibodies from DAKO (Glostrup, Denmark). Free
protein S was measured by precipitating the C4b-binding protein-bound fraction with
polyethylene glycol 8000 and measuring the concentration of free protein S in the
supernatant. Protein C was determined using the Coamatic protein C activity kit from
Chromogenix (Mölndal, Sweden).

Statistical analyses
Data are expressed as means (with standard deviations (SDs)), medians (with interquartile ranges (IQR)), or numbers (with percentages) as appropriate. Means of two groups
were compared by Student’s t-test or Mann-Whitney U test as appropriate. Multiple
groups were compared using One-way ANOVA (with the Bonferroni posttest) or KruskalWallis H test (with Dunn’s posttest) as appropriate. Spearman’s correlation coefficient
was used to assess correlation between continuous variables. P values of 0.05 or less
were considered statistically significant. GraphPad Prism (San Diego, USA) and IBM SPSS
Statistics 20 (New York, USA)) were used for analyses.

RESULTS
Patient characteristics
The main characteristics of the study population are reported in Table 1. Thirty patients
with cirrhosis (18 males and 12 females) were included, and they were categorized according to the severity of liver disease as expressed by the Child Pugh classes (10 Child
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Table 1. Demographic and clinical characteristics of the study population
Cirrhotic patients
Child A

Child B

Child C

n=10

n=10

n=10

p-value

Characteristics
MELD score

8.0 [6.0-10.0]

11.5 [8.0-19.0]

15.5 [6.0-19.0]

0.002

Age (yrs)

56.0 [14.2]

50.5 [12.5]

54.9 [8.3]

0.560

Sex (male)

4 (40)

6 (60)

8 (80)

0.248

BMI

26.0 [18.8-31.4]

26.5 [22.0-41.4]

26.3 [22.2-36.3]

0.705

Smoking (number)

4 (40)

1 (10)

4 (40)

0.297

Alcohol (U per week)

0 [0-1]

0 [0-7]

0 [0-490]

0.670
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Etiology of liver disease
Alcoholic

2 (20)

1 (10)

10 (100)

<0.001

HCV

1 (10)

0 (0)

0 (0)

1.000

NASH

1 (10)

2 (20)

0 (0)

0.754

Hemochromatosis

0 (0)

1 (10)

0 (0)

1.000

PBC

1 (10)

0 (0)

0 (0)

1.000

PSC

2 (20)

2 (20)

0 (0)

0.507

Auto-immune

3 (30)

1 (10)

0 (0)

0.286

Alcoholic + NASH

0 (0)

1 (10)

0 (0)

1.000

Unknown

0 (0)

2 (20)

0 (0)

0.310

Co-morbidity
Cardiovascular

3 (30)

2 (20)

0 (0)

0.321

DM

2 (20)

1 (10)

1 (10)

1.000

Plasma levels
Serum bilirubin (µmol/L)

15 [5-35]

40 [18-61]

82 [46-131]

<0.0001

Serum albumin (g/L)

36 [28-44]

33 [27-63]

27 [25-91]

0.003

Serum creatinin (µmol/L)

69 [23]

72 [32]

70 [20]

0.966

Hemoglobin (mmol/L)

8.2 [1.4]

7.2 [0.9]

6.5 [0.8]

0.005

Leukocytes (109/L)

6.5 [4.5]

5.1 [2.1]

7.4 [5.3]

0.463

Platelets (109/L)

112 [16-258]

86 [28-471]

76 [44-165]

0.565

Data are expressed as number (%), mean (SD), or median [IQR]. HCV= hepatitis C virus; NASH= non-alcoholic
steatohepatitis; PBC= primary biliary cirrhosis; PSC= primary sclerosing cholangitis; DM= Diabetes Mellitus.

A, 10 Child B and 10 Child C patients). Thirty healthy subjects (14 males and 16 females)
were included as controls. The most common etiology of liver disease was alcoholic,
especially in the Child class C patients.
INR, factor (F)VIII, FII, FX, AT, protein S and protein C levels are shown in Table 2. Patients
with cirrhosis showed a statistically significant prolongation of INR and a decrease in all
measured coagulation proteins, except for FVIII (which was increased), as compared to
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Table 2. Coagulation parameters in cirrhotic patients and controls
Coagulation
parameters

Cirrhotic patients
Child A

Child B

Child C

Healthy
controls

p-value

INR

1.1 [0.9-1.2]

1.2 [1.0-2.0]

1.5 [1.4-1.7]

1.0 [0.9-1.1]

<0.0001

FVIII (%)

132 [92-185]

129 [91-254]

140 [108-199]

94 [56-138]

<0.0001

FII (%)

83 [50-104]

69 [43-98]

42 [27-71]

107 [88-127]

<0.0001

FX (%)

90 [74-136]

81 [41-193]

56 [45-69]

106 [80-147]

<0.0001

AT (%)

80 [42-107]

50 [27-113]

40 [23-45]

106 [87-126]

<0.0001

Protein C (%)

71 [35-105]

53 [22-155]

27 [12-44]

109 [87-168]

<0.0001

Protein S total
(%)

76 [61-109]

66 [35-200]

57 [52-78]

90 [68-121]

0.002

Protein S free
(%)

75 [59-130]

69 [45-105]

82 [56-110]

99 [71-136]

0.002

Data are expressed as median [IQR]. INR= international normalized ratio; AT= antithrombin.

controls. The reduction in levels of plasmatic factors was proportional to the severity of
liver disease.

Thrombin generation
When thrombin generation was performed without addition of any anticoagulant, the
ETP and peak thrombin generation in plasma from cirrhotic patients were comparable
to that of healthy controls, both in absence and presence of TM. The ETP in the presence
of TM was slightly, but significantly higher in patients compared to controls. Values in the
absence of TM were: ETP 872 ± 260nM*min (mean +/- SD), peak 169 ± 41nM in patients
vs. ETP 945 ± 268nM*min, peak 188 ± 49nM in healthy controls, p=0.28 for ETP, p=0.11
for peak; in the presence of TM: ETP 677 ± 304nM*min, peak 146 ± 48nM in patients vs.
ETP 510 ± 259nM*min, peak 131 ± 53nM in controls, p=0.03 for ETP, p=0.26 for peak.
To study the anticoagulant potency of antithrombotic drugs in plasma from cirrhotic
patients, percentual reductions in ETP, peak, velocity index, and percentual increases in
lag time after the addition of the different anticoagulants were calculated and compared
between plasma from cirrhotic patients and controls. All data are shown in Table 3. In
Figure 1, the reduction in ETP performed in the presence of TM after the addition of
the different anticoagulants in plasma from patients and controls is shown. A detailed
analysis of the results for each drug is given below.
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93.7 [81.2–96.4]**

Child C

46.0 [32.8–57.2]

62.0 [46.7–82.0]

65.5 [57.2–71.2]*

Child B

Child C

81.1 [77.5–90.1]

85.2 [81.1–90.0]

86.9 [79.9–94.7]

84.6 [79.4–91.0]

83.0 [75.1–87.5]

38.8 [31.8–42.2]

41.3 [37.1–49.1]]*

51.9 [42.2–55.9]**

Child A

Child B

Child C

All patients 42.1 [37.5–51.5]**

32.8 [29.8–39.0]

36.2 [32.8–41.0]

37.9 [31.9–49.0]

37.1 [30.6–45.0]

37.0 [32.4–43.5]

43.3 [33.1–52.1]

12.8 [0.0–19.4]

7.7 [0.0–25.6]

6.6 [0.0–21.2]

7.7 [0.0–21.2]

10.5 [6.9–17.7]

34.1 [30.3–37.5]**

39.9 [34.5–51.3]

43.0 [30.8–50.0]

37.1 [33.0–47.5]**

52.9 [42.1–61.3]

58.0 [48.6–59.9]

53.7 [42.9–59.8]

48.8 [44.3–54.3]

52.3 [46.3–60.0]

48.9 [44.3–54.8]

ETP

Velindex

87.1 [84.9–95.8]

92.6 [82.4–98.1]

93.5 [90.4–97.4]

92.8 [85.5–96.3]

91.3 [84.9–95.9]

TM+
Lag-time

59.1 [32.0–82.4]

67.2 [21.6–78.3]

43.7 [29.8–89.9]

58.4 [29.8–78.0]

50.0 [33.5–67.6]

ETP

Peak

76.1 [71.3–89.8]

81.9 [63.5–93.8]

82.5 [76.3–94.3]

82.3 71.3–92.6]

81.3 [64.0–86.9]

TM-

LMWH

59.8 [46.2–81.1]

Child A

Controls

93.7 [78.1–96.0]**

59.9 [28.3–76.4]**

41.4 [32.4–66.8]**

72.6 [39.1–90.9]**

ETP

Velindex

98.3 [95.3–98.5]**

72.7 [57.5–95.0]**

66.7 [29.4–82.3]**

84.9 [63.3–98.3]**

12.8 [-10.5–23.0]

TM+
Lag-time

152.1 [84.8–185.0]

160.1 [125.6–436.2]

245.3 [164.3–393.0]

165.4 [133.2–299.4]

3.8 [-11.1–17.3]

ETP

Peak

97.2 [92.9–97.8]**

69.8 [63.4–92.5]**

67.6 [46.8–79.9]**

83.1 [64.5–96.6]**

207.8 [143.0–267.1]

TM-

All patients 62.0 [54.1–76.8]**

Controls

67.1 [60.5–79.3]**

Child B

Heparin

64.3 [54.4–70.1]**

Child A

29.8 [22.0–34.9]

ETP

45.4 [39.4–47.7]

All patients 75.2 [62.5–92.2]**

Controls

Velindex

TM+
Lag-time

ETP

Peak

TM-

Dabigatran

39.9 [34.5–45.8]

42.0 [34.3–50.1]

43.5 [36.5–49.9]

41.6 [34.8–46.6]

47.5 [41.1–53.5]

Peak

81.1 [75.8–92.7]

87.4 [81.8–91.8]

89.9 [83.0–96.5]

87.4 [78.6–93.0]

87.3 [78.9–91.3]

Peak

97.1 [92.1–97.9]**

72.7 [57.4–92.3]**

55.3 31.5–79.6]**

82.9 [56.8–96.3]**

0.2 [-24.3–18.9]

Peak

49.6 [38.1–56.2]
40.0 [31.9–48.2]*
43.4 [36.5–52.0]
42.5 [26.5–51.7]
38.4 [27.0–43.1]

10.4 [0.0–20.8]
10.9 [4.4–19.8]
0.0 [0.0–25.6]
17.3 [0.0–25.6]

86.9 [79.7–95.5]

45.0 [19.0–72.8]

Velindex

90.6 [84.8–92.8]

45.0 [7.2–70.0]

12.1 [0.0–19.8]

92.9 [85.7–97.4]

30.0 [19.2–68.0]

Lag-time

90.6 [84.0–95.5]

39.9 [16.9–69.1]

98.5 [94.8–98.7]**

155.0 [75.2–175.9]

88.3 [79.8–92.5]

89.8 [57.6–95.2]**

155.7 [136.0–493.9]

Velindex

66.1 [26.8–83.0]**

276.0 [154.3–402.8]

39.2 [19.8–47.3]

90.3 [62.1–98.2]**

165.4 [136.4–301.8]

Lag-time

Velindex
-15.7 [-46.2–8.9]

Lag-time
199.7 [141.5–258.5]

Table 3. Inhibition of in vitro thrombin generation after addition of various anticoagulant drugs to plasma taken from patients with cirrhosis or plasma from healthy
controls
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5.2 [0.8–20.2]

-8.0 [-11.2–1.4]**

Child C

3.9 [1.4–22.2]**

41.0 [13.8–53.7]

46.1 [37.8–48.4]

32.0 [5.6–47.4]**

50.6 [42.4–57.9]

3.2 [-1.5–7.9]

4.3 [-5.3–9.5]

-0.2 [-7.3–6.5]

Child B

Child C

17.1 [15.0–23.3]**

32.9 [15.3–47.1]

39.0 [26.9–47.7]

50.6 [42.3–81.2]

66.9 [57.3–76.0]

60.8 [56.2–75.5]

64.2 [50.1–75.2]

59.5 [49.6–64.8]

38.5 [31.4–51.2]**

61.6 [38.2–72.1]*

66.3 [51.3–77.5]

55.2 [38.9–69.1]**

75.1 [67.6–80.4]

22.3 [11.6–35.1]**

43.7 [18.6–56.3]

51.1 [43.4–55.2]

39.3 [19.7–53.2]**

54.5 [50.4–58.1]

28.3 [21.1–39.5]**

51.0 [26.2–63.2]

60.2 [47.7–63.1]

46.5 [27.1–60.5]**

61.8 [55.7–64.3]

Peak

12.9 [8.6–22.5]**

44.2 [19.4–58.7]

49.0 [44.1–55.3]

36.8 [14.6–52.3]**

54.4 [47.7–62.3]

Peak

49.3 [36.7–77.0]

50.4 [30.8–56.7]

47.5 [39.5–50.3]

48.2 [36.7–56.7]*

39.5 [26.2–48.2]

Lag-time

25.6 [25.0–38.1]**

25.6 [15.8–25.6]

23.5 [19.8–29.0]

25.6 [19.8–28.9]**

19.8 [12.3–25.6]

Lag-time

38.4 [30.0–49.8]**

59.6 [35.1–71.7]

68.5 [56.6–72.6]

57.3 [35.7–70.4]**

68.4 [64.0–71.5]

Velindex

20.9 [13.0–33.2]**

53.1 [26.1–64.2]

55.5 [52.3–61.5]

42.8 [21.8–60.1]**

62.2 [52.8–67.7]

Velindex

Shown are the percentual inhibition of the ETP, peak, or velocity index, and the percentual increase in the lag time. Data are expressed as median percentages [IQR].
*indicates p<0.05, **indicates p< 0.01 compared to controls. TM= thrombomodulin; ETP= endogenous thrombin potential; Velindex= velocity index; LMWH= low molecular weight heparin.

1.0 [-4.1–5.8]

Child A

30.7 [15.6–42.9]**

47.6 [39.0–55.6]

ETP

Velindex

26.7 [17.0–31.0]**

45.1 [26.2–61.2]

54.6 [39.0–57.1]

38.3 [24.4–55.8]**

60.5 [43.0–67.3]

TM+
Lag-time

25.6 [25.5–35.7]

25.6 [18.9–37.4]

39.2 [30.9–40.5]

26.9 [25.2–39.5]

28.2 [21.4–35.6]

ETP

Peak

8.5 [5.2–12.2]**

18.1 [8.3–40.2]

27.5 [16.2–37.7]

14.5 [7.8–30.8]**

37.3 [17.3–49.2]

TM-

All patients 2.5 [-4.6–6.2]

Controls

-2.0 [-6.5–14.6]

Child B

Rivaroxaban

-0.2 [-4.0–6.2]

Child A

All patients -2.0 [-9.3–5.5]**

Controls

ETP

Velindex

TM+
Lag-time

ETP

Peak

TM-

Fondaparinux

Table 3. Inhibition of in vitro thrombin generation after addition of various anticoagulant drugs to plasma taken from patients with cirrhosis or plasma from healthy
controls (continued)
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Figure 1. Reductions in ETP in the presence of TM after the addition of the different anticoagulant
drugs. Reduction in ETP after the addition of (A) dabigatran, (B) heparin, (C) LMWH, (D) fondaparinux, and
(E) rivaroxaban in plasma from patients with Child A, B, and C cirrhosis and healthy controls. Bars indicate
medians with the error bars representing interquartile ranges. **indicates p< 0.01 compared to controls.

Dabigatran
When dabigatran was added to plasma of healthy controls, the ETP was reduced by 45.4
(39.4–47.7)% (median (IQR)) and peak thrombin generation by 29.8 (22.0–34.9)%. In
contrast, the ETP and peak hardly decreased in the presence of TM (12.8 (-10.5–23.0)%
reduction in ETP and 0.2 (-24.3–18.3)% reduction in peak). The lag time was substantially
prolonged after addition of dabigatran both in absence and presence of TM (Table 3).
Addition of dabigatran led to a much more pronounced reduction in peak thrombin
generation in patients compared to controls, both in absence (83.1 (64.5–96.6)% reduction in patients vs. 29.8 (22.0–34.9)% reduction in controls, p<0.0001) and the presence
of TM (82.9 (56.8–96.3)% reduction in patients vs. 0.2 (-24.3–18.3)% reduction in controls, p<0.000001). The decrease in thrombin generation with dabigatran mirrored the
severity of liver disease. Child class C patients exhibited the most pronounced reduction
in peak thrombin generation, with a median reduction of 97.1 (92.1–97.9)% when tested
in the presence of TM.
Interestingly, reductions in thrombin generation by dabigatran when tested in the
presence of TM strongly correlated with plasma prothrombin (FII) levels (r= -0.80,
p<0.0001) (Figure 2).
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Figure 2. Correlation between FII levels and reductions in thrombin generation after dabigatran. Correlation between plasmatic FII levels and percentual reduction of peak thrombin values when tested in the
presence of TM after addition of 300 ng/ml dabigatran in plasma from patients with cirrhosis.

Heparin
After the addition of unfractionated heparin the reduction of thrombin generation
was more profound in plasma from cirrhotic patients compared to controls, with a
median ETP reduction of 62.0 (54.1–76.8) % in patients vs. 46.0 (32.8–57.2) % in controls
(p=0.0003) (Table 3). However, in the presence of TM the reductions in ETP were not significantly different in plasma from cirrhotic patients compared to controls. The decrease
in peak thrombin generation was comparable between cirrhotic patients and controls
(87.4 (78.6–93.0) % in patients vs. 87.3 (78.9–91.3) % in controls, p=0.46, when tested in
the presence of TM).

Low molecular weight heparin
After the addition of LMWH, the decrease in the ETP in the absence of TM was more
pronounced in plasma from cirrhotic patients compared to controls (42.1 (37.5–51.5)
% reduction in patients vs. 32.8 (29.8–39.0) % reduction in controls, p<0.001) (Table 3).
The reduction in peak thrombin generation by LMWH was not significantly different in
plasma from cirrhotic patients (37.0 (32.4–43.5) % reduction) compared to controls (43.3
(33.1–52.1) % reduction) (p=0.14). Moreover, when thrombin generation was performed
in the presence of TM there was no difference in ETP reduction in plasma from patients
compared to controls (52.3 (46.3–60.0) % reduction in patients vs. 48.9 (44.3–54.8) %
reduction in controls, p=0.05).
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Fondaparinux
Addition of fondaparinux in the absence of TM hardly affected the ETP in both patients
and controls. The reduction in thrombin generation after the addition of fondaparinux
was comparable between plasma from patients with Child A and B cirrhosis (49.0 (44.1–
55.3) % and 44.2 (19.4–58.7) % reduction in peak thrombin generation in the presence of
TM, respectively) and plasma from healthy controls (54.4 (47.7–62.3) % reduction in peak
thrombin generation). A reduced anticoagulant response to fondaparinux was seen in
plasma from patients with Child C cirrhosis, with only 12.9 (8.6–22.5)% reduction in peak
thrombin generation when tested in presence of TM (p<0.001). In addition, when tested
in the presence of TM, the prolongation of the lag time was more extensive in plasma
from Child C patients (25.6 (25.0–38.1) %) as compared to controls (19.8 (12.3–25.6) %;
p<0.01).
Interestingly, reductions in peak thrombin generation by fondaparinux when tested
in the presence of TM strongly correlated with both plasma antithrombin (AT) levels
(r=0.76, p<0.0001) and plasma FX levels (r= 0.65, p<0.0001) (Figure 3).
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Figure 3. Correlation between AT/FX levels and reductions in thrombin generation after
fondaparinux. Correlation between the percentual reduction in ETP when tested in the presence of TM
after addition of 0.5 µg/ml fondaparinux and (A) plasmatic AT levels and (B) plasmatic FX levels in plasma
from patients with cirrhosis.

Rivaroxaban
Addition of rivaroxaban in the absence of TM hardly affected the ETP in both patients
and controls. In contrast, peak thrombin generation was markedly reduced by rivaroxaban in both patients and controls, whereas lag times were prolonged. A reduced
response to rivaroxaban was observed in plasma from cirrhotic patients as compared to
control plasma, 46.5 (27.1–60.5)% peak reduction in patients vs. 61.8 (55.7–64.3)% peak
reduction in controls in the presence of TM (p=0.0005). In plasma from Child class C
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patients the lowest reduction in peak thrombin generation was observed, with a median
reduction of 28.3 (21.1–39.5) %.
Interestingly, reductions in peak thrombin generation by rivaroxaban in the presence
of TM correlated with plasma FX levels (r= 0.61, p=0.006) (Figure 4).


 








  






 



 


Figure 4. Correlation between FX levels and reductions in thrombin generation after rivaroxaban.
Correlation between plasmatic FX levels and the percentual reduction in peak thrombin generation when
tested in the presence of TM after addition of rivaroxaban at 25 ng/ml in plasma from patients with cirrhosis.

DISCUSSION
We observed a profoundly increased anticoagulant response to the direct thrombin
inhibitor dabigatran in plasma from patients with cirrhosis compared to controls. The
enhanced effect of dabigatran on thrombin generation was proportional to the severity
of liver disease. Furthermore, we observed a modestly increased anticoagulant response
to heparin and low molecular weight heparin in patients compared to controls, but only
when tested in the absence of TM. In addition, a reduced response to fondaparinux and
rivaroxaban was observed in plasma from patients with cirrhosis, and the reduced effect
was also proportional to the severity of liver disease.
These data show that the anticoagulant potency of the different drugs differs
substantially between cirrhotic patients and controls. In addition, the difference in
anticoagulant potency between patients and controls differs substantially between the
different drugs that were tested. The different drugs that were tested may also have an
altered pharmacokinetics in patients with chronic liver disease, in particular in patients
with advanced disease and in patients with concomitant renal failure. Therefore, dose
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adjustments based on both pharmacokinetics and altered anticoagulant potency of
the specific drug may be required. Monitoring assays taking both drug level and drug
potency into account would thus ideally be required for patients with liver diseases.
Although there is increasing clinical experience with heparins in patients with cirrhosis, clinical experience with NOACs in these patients is lacking. As we foresee that there
might be an interest in using NOACs in patients with liver disease that require long-time
anticoagulant treatment (19), we believe it is vital to understand the potentially altered
behavior of these drugs in patients with liver disease, in addition to altered pharmacokinetics. We have recently demonstrated that, in contrast to heparins, monitoring of plasma
levels of NOACs is possible in patients with liver disease (18), which will enable careful
monitoring of these drugs. How altered drug potency needs to be assessed in clinical
practice requires further study, but one could imagine that dose-adjustments based on
plasma levels of FII (for dabigatran) or FX (for rivaroxaban) may be applicable given the
linear relation between factor levels and anticoagulant potency (Figures 2 and 4).
Our results extend recent observations by Senzolo et al. (17) on the increased anticoagulant response to LMWH in patients with cirrhosis. Our results, however, showed
a more modest increase in anticoagulant potency of LMWH in patients with cirrhosis
as compared to the data by Senzolo et al, and we failed to detect a difference in anticoagulant potency when thrombin generation was tested in the presence of TM. Indeed,
clinical data on the use of heparins indicate that the drug is safe and effective in both
the treatment and prevention of portal vein thrombosis (13, 14, and 22). The partially
divergent results between our study and that of Senzolo et al. may be explained by
the differences in LMWH dosage used, differences in patient characteristics, and slight
differences in methodology. In fact, research has shown that thrombin generation is
influenced substantially by preanalytical conditions (23), among which the protocol for
centrifugation of blood to obtain platelet poor plasma. Senzolo et al. prepared the platelet poor plasma by double centrifugation at 2000g for 10 min. In our study the second
centrifugation step was set at 10.000g as recommended (23). Another possible critical
difference in the method was the type and concentration of TM used in the thrombin
generation experiments.
Various anticoagulant drugs show different effects on the thrombin generation
curves (24). For example, direct FXa inhibitors substantially reduce the peak thrombin
generation, while hardly affecting the endogenous thrombin potential, which was also
observed with the direct FXa inhibitor rivaroxaban in this study. Therefore it has yet
to be studied which parameter (ETP, peak, lag time, or velocity index) forms the best
representation of the anticoagulant effect of a specific drug. In addition, the effects
of a drug on the various parameters of the thrombin generation curve are not per
definition concordant. For example, the reductions in peak and ETP after addition of
fondaparinux and rivaroxaban were less pronounced in plasma from Child C cirrhotic
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patients compared to controls, which may imply increase in the dosages. However, Child
class C patients exhibited the greatest prolongation of the lag time after the addition of
both fondaparinux and rivaroxaban, which may imply that in patients with cirrhosis the
dosage should be decreased.
We chose the concentrations of the various drugs to obtain appreciable (but not
maximal) inhibition of thrombin generation in controls. The drug levels therefore do not
necessarily represent peak levels found in clinical practice, although the levels we chose
are all compatible with drug levels at some stage of therapy. We would like to stress
that the aim of our study was to provide proof of concept of differential drug potency in
patients with liver disease rather than an exact estimate of drug potencies at clinically
relevant plasma levels.
In conclusion, using in vitro thrombin generation assays, we observed a substantially
increased anticoagulant response to dabigatran and a modestly increased anticoagulant response to heparin and LMWH in plasma from patients with cirrhosis. In addition,
a reduced response to fondaparinux and rivaroxaban was observed in plasma from
patients with cirrhosis. These results may imply that drug-specific dose adjustments may
be required for patients with cirrhosis, in particular with dabigatran. However since the
pharmacokinetics of the drugs may also be altered in these patients, the final dosing
regimen should ideally take both the pharmacokinetics of the drug and the altered
anticoagulant potency into account. Clinical studies on the in vivo effect of the available
anticoagulant drugs in cirrhotic patients with thrombosis are needed to further validate
this hypothesis.
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ABSTRACT
There is increasing recognition that thrombotic complications may occur in patients with
cirrhosis, and literature on antithrombotic treatment in these patients is rapidly emerging. Due to extensive hemostatic changes in patients with cirrhosis, careful monitoring
of anticoagulant therapy may be required. Recent data suggest that plasma levels of
low molecular weight heparin (LMWH) are substantially underestimated by the anti-Xa
assay in patients with cirrhosis. We studied the in vitro recovery of antithrombin (AT)dependent and –independent anticoagulant drugs in plasma from twenty-six patients
with cirrhosis and thirty healthy controls and found substantially reduced anti-Xa levels
when AT-dependent anticoagulant drugs were added to the plasma of patients with cirrhosis. LMWH (0.2 U/ml) had the poorest recovery, in plasma from patients with cirrhosis
(0.13 ± 0.06 U/ml, compared to 0.23 ± 0.03 U/ml in controls, p<0.0001), followed by
unfractionated heparin (UFH) and fondaparinux. In contrast, the recovery of rivaroxaban
and dabigatran was identical between patients and controls. These data suggest that
anti-Xa assay cannot be used in the monitoring of AT-dependent anticoagulant drugs in
patients with cirrhosis, as it substantially underestimates drug levels. The direct factor
Xa and IIa inhibitors, however, may be monitored through the respective anti-Xa and
anti-IIa assays in patients with cirrhosis.
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INTRODUCTION
In patients with chronic liver disease the hemostatic system is considered to be in a ‘rebalanced’ status, due to a concomitant decrease in pro- and antihemostatic systems (1).
However, the relatively high incidence of thrombotic events and bleeding complications
in these patients suggests that this balance is more unstable as compared to the balance
in healthy individuals and it can be easily tipped over to a hyper- or a hypocoagulable
state (2). In fact, treatment of thrombotic complications is frequently required, as patients with liver disease can suffer from deep vein thrombosis, pulmonary embolism,
or portal vein thrombosis (3, 4). Furthermore, patients may require anticoagulation
because of concomitant cardiovascular disease (3). Nowadays, there is increasing recognition of the various thrombotic complications that may occur in patients with chronic
liver disease and therefore an increased use of anticoagulant therapy in these patients
may be expected (5). Due to the limited clinical experience, the anticoagulant of choice
for the various indications is still unclear.
Vitamin K antagonists and/or heparins are widely used in prevention or treatment
of thrombosis, but both drugs classes have drawbacks in patients with liver diseases.
Vitamin k antagonist therapy requires monitoring by the international normalized ratio
(INR). However, as the INR is frequently prolonged in patients with cirrhosis already in
the absence of anticoagulant therapy, the target INR is unclear. In addition, there is
major lab-to-lab variability in the measurement of INR in patients with cirrhosis, making
the test results inherently unreliable in these patients (6).
A problem with monitoring of unfractionated heparin (UFH) is that the activated
partial thromboplastin time (APTT), which is instrumental in dosing this agent, is already
prolonged in many patients with chronic liver disease, and therefore APTT target ranges
for these patients are unclear.
LMWH and fondaparinux do not require laboratory monitoring in the general population, except in patients with extreme obesity and with renal dysfunction. Patients with
cirrhosis may also require laboratory monitoring of these agents, for example because
of concomitant renal failure. LMWH can be monitored with anti-Xa assays, but such assays appear unreliable in patients with cirrhosis. It has been shown that anti-Xa levels
after a standard prophylactic or therapeutic dose of LMWH administered to patients
with cirrhosis fall below the recommended ranges for optimal anticoagulant control
(7). However, the decreased anti-Xa levels in these patients appear to be a laboratory
anomaly and not a true indication of anticoagulant effect (8, 9). In fact, anti-Xa values
have been shown to correlate positively with AT levels (7), which are reduced in patients
with cirrhosis. Despite reduced anti-Xa values, LMWH has shown to be safe and effective
in patients with cirrhosis (7, 10, 11). Whether similar monitoring problems also occur
with fondaparinux has not yet been assessed.
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New antithrombotic agents such as the direct factor Xa inhibitor rivaroxaban and the
direct thrombin inhibitor dabigatran have theoretical advantages over heparins (fewer
(fatal) bleeding events, rapid onset of action, fewer drug-drug interactions, and oral
mode of administration (12). In addition, both agents do not require laboratory monitoring in the general population. Although patients with liver disease have been excluded
from clinical trials on the new oral anticoagulants, they have theoretical advantages
over currently used drugs, in particular the oral mode of administration. Since LMWH
is currently used for months to years to treat or prevent portal vein thrombosis, it is
conceivable that the new oral anticoagulants will be considered in the future to avoid
prolonged subcutaneous LMWH administration (5). However, currently rivaroxaban is
contra-indicated for patients with cirrhosis according to the package insert, and other
theoretical disadvantages of the new oral anticoagulants require attention (5). Monitoring of these drugs may be required in patients with liver disease due to the possible
altered clearance and the increased extravascular volume of patients with cirrhosis.
No clinical studies on the efficacy and safety of these agents in cirrhotic patients have
been performed yet. Furthermore, laboratory methodologies for monitoring these new
drugs are still in development, and validation in patients with chronic liver disease will
be required.
Thus, monitoring of anticoagulant drugs may be required in patients with cirrhosis,
however, this appears to be difficult, due to the hemostatic changes associated with the
underlying liver disease. The aim of this study was to determine whether different anticoagulant drugs can be reliably monitored using the anti-Xa or anti-IIa tests in plasma
from patients with cirrhosis.

METHODS
Patients
Twenty-six adult patients with liver cirrhosis, who were seen as out-patients or were
admitted to the hospital, were included in this study. Patients were classified according
to the Child-Pugh classification (13). Ten patients were classified as Child A, 10 as Child
B, and 6 patients as Child C cirrhosis. Exclusion criteria were a documented history of
congenital coagulation disorders, presence of active infection (<2 weeks), presence of
acute liver failure, use of anticoagulant drugs in the past 10 days, pregnancy, HIV positivity, and recent (<7 days) transfusion with blood products.
The control group consisted of thirty adult healthy volunteers working at our institution. Exclusion criteria for the control group were a documented history of congenital
coagulation disorders, documented history of hepatic disease, recent viral infection (<2
weeks), use of anticoagulant drugs in the past 10 days, pregnancy, and HIV positivity.
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This study protocol was approved by the local medical ethical committee and informed
consent was obtained from each subject before inclusion in the study.

Plasma samples
Blood samples were drawn by vena puncture and collected into vacuum tubes containing 3.8% trisodium citrate as an anticoagulant, at a blood to anticoagulant ratio of 9:1.
Platelet poor plasma was prepared by double centrifugation at 2000g and 10.000g
respectively for 10 min. Plasma was snap-frozen and stored at -80 °C until use.

Addition of anticoagulants to plasma samples
The following anticoagulants were added to plasma samples of cirrhotic patients and
control. The mentioned concentrations represent final concentrations in plasma.
• UFH (Leo Pharma, Ballerup, Denmark), 0.3 U/ml
• The LMWH Clexane (Sanofi-Aventis BV, Gouda, the Netherlands), 0.2 U/ml
• Fondaparinux (Arixtra) (GlaxoSmithKline BV, Zeist, the Netherlands), 0.5 µg/ml
• Dabigatran (Alsachim, Illkirch Graffenstaden, France), 0.3 µg/ml
• Rivaroxaban (Alsachim, Illkirch Graffenstaden France), 100 ng/ml

4

Anti-Xa/anti-IIa assay and APTT
Anti-Xa and anti-IIa values were all measured using the ACL 500 TOP (Instrumentation
Laboratory, Breda, the Netherlands). Anti-Xa values were measured in the plasma
samples after the addition of UFH, LMWH, or fondaparinux with the Biophen Heparin
(LRT) kit (Hyphen Biomed, Neuville Sur Oise, France), using the Biophen heparin calibrator (for UFH and LMWH) or the Biophen arixtra calibrator (for fondaparinux), both
purchased from Hyphen Biomed. No exogenous antithrombin is added in these assays.
We repeated anti-Xa measurements in a limited set of plasma samples (10 patients,
10 controls), which we spiked with LMWH using the same kit, to which we now added
exogenous antithrombin (Hyphen Biomed, 75 μg/ml, final concentration) to assess the
effect of low endogenous antithrombin levels on the outcome of the assay. Anti-Xa
values, after the addition of rivaroxaban, were measured using the Biophen DiXal kit
(Hyphen Biomed). A calibration curve was constructed by adding rivaroxaban to pooled
normal plasma (obtained by combining plasma from >200 individuals). Anti-IIa values
in the plasma samples were measured after addition of dabigatran using the Hemoclot
thrombin inhibitors kit (Hyphen Biomed). A calibration curve was constructed by adding
dabigatran to pooled normal plasma.
UFH activity was estimated by determination of the APTT on the ACL 500 TOP, using
reagents (HemosIL SynthASil) and protocols from the manufacturer (Instrumentation
Laboratory, Breda, The Netherlands).
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Routine coagulation laboratory tests
The INR was assessed with commercially available methods on an automated coagulation analyzer (ACL 500 TOP) with reagents (Recombiplastin 2G) and protocols from the
manufacturer (Instrumentation Laboratory, Breda, the Netherlands). Levels of factor (F)
VIII, II, and X, and antithrombin (AT) were measured on an automated coagulation analyzer (ACL 500 TOP) with reagents and protocols from the manufacturer (Recombiplastin
2G for FII and FX, HemosIL SynthASil for FVIII, and Liquid Antithrombin reagent for AT all
from Instrumentation Laboratory).

Statistical analyses
Data are expressed as mean ± standard deviation (SD), medians (with interquartile
range (IQR)), or numbers (with percentages) as appropriate. Means of two groups were
compared by Student’s t-test or Mann-Whitney U test as appropriate. Multiple groups
were compared using One-way ANOVA (with the Bonferroni posttest) or Kruskal-Wallis
H test (with Dunn’s posttest) as appropriate. Spearman’s correlation coefficient was used
to assess correlation between continuous variables. P values of 0.05 or less were considered statistically significant. GraphPad Prism (San Diego, USA) and IBM SPSS Statistics 20
(New York, USA)) was used for all analyses.

RESULTS
Patient characteristics
The main characteristics of the study population are reported in Table 1. Twenty-six
patients with cirrhosis (14 males and 12 females) were included, and they were categorized according to the severity of liver disease as expressed by the Child Pugh score (10
Child A, 10 Child B and 6 Child C patients). The most common etiology of liver disease
was alcoholic, especially in the Child class C patients. None of the patients used pro- or
anticoagulant drugs. Thirty healthy subjects (14 males and 16 females) were included
as normal controls.
The baseline INR and plasma levels of factors FVIII, FII, FX, and AT are shown in Table 2.
Patients with cirrhosis showed a statistically significant prolongation of the INR and
APTT, and a decrease in all measured coagulation proteins, except for factor VIII (which
was increased), as compared to controls. The reduction in levels of plasmatic factors was
proportional to the severity of liver disease.
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Table 1. Demographic and clinical characteristics of the study population
Cirrhotic patients
Child A

Child B

Child C

n=10

N=10

n=6

p-value

Characteristics
MELD score

8.0 [6.0-10.0]

11.5 [8.0-19.0]

16.5 [12.0-19.0]

0.0006

Age (yrs)

56.0 [14.2]

50.5 [12.5]

59.0 [4.7]

0.367

Sex (male)

4 (40)

6 (60)

4 (67)0

0.682

BMI

25.4 [4.0]

28.4 [6.0]

28.4 [4.2]

0.337

Smoking (number)

4 (40)

1 (10)

1 (17)

0.368

Alcohol (U per week)

0 [0-1]

0 [0-7]

0 [0-0]

0.731

Alcoholic

2 (20)

1 (10)

6 (100)

0.001

HCV

1 (10)

0 (0)

0 (0)

1.000

Etiology of liver disease

NASH

1 (10)

2 (20)

0 (0)

0.769

Hemochromatosis

0 (0)

1 (10)

0 (0)

1.000

PBC

1 (10)

0 (0)

0 (0)

1.000

PSC

2 (20)

2 (20)

0 (0)

0.639

Auto-immune

3 (30)

1 (10)

0 (0)

0.403

Alcoholic + NASH

0 (0)

1 (10)

0 (0)

1.000

Unknown

0 (0)

2 (20)

0 (0)

0.323

4

Co-morbidity
Cardiovascular

3 (30)

2 (20)

0 (0)

0.391

Diabetes Mellitus

2 (20)

1 (10)

0 (0)

0.769

Laboratory variables
Serum bilirubin (µmol/L)

15 [5-35]

40 [18-61]

93 [63-131]

0.0001

Serum albumin (g/L)

36 [28-44]

33 [27-63]

26 [25-29]

0.002

Serum creatinin (µmol/L)

69 [23]

72 [32]

75 [17]

0.920

Hemoglobin (mmol/L)

8.2 [1.4]

7.2 [0.9]

6.2 [0.8]

0.005

Leukocytes (109/L)

6.5 [4.5]

5.1 [2.1]

5.4 [2.1]

0.591

Platelets (109/L)

112 [16-258]

86 [28-471]

73 [44-114]

0.482

Data are expressed as number (%), mean [SD], or median [IQR]. HCV= hepatitis C virus; NASH= non-alcoholic steatohepatitis; PBC= primary biliary cirrhosis; PSC= primary sclerosing cholangitis.
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Table 2. Coagulation parameters in cirrhotic patients and normal controls
Cirrhotic patients

Coagulation
parameters

Child A

Child B

Healthy
controls

Child C

p-value

INR

1.1 [0.9-1.2]

1.2 [1.0-2.0]

1.5 [1.4-1.7]

1.0 [0.9-1.1]

<.0001

APTT

40.3 [5.9]

38.1 [4.4]

37.0 [3.7]

33.8 [3.8]

.0006

FVIII (%)

132 [92-185]

129 [91-254]

140 [108-171]

94 [56-138]

<.0001

FII (%)

83 [50-104]

69 [43-98]

42 [40-71]

107 [88-127]

<.0001

FX (%)

90 [74-136]

81 [41-193]

56 [49-69]

106 [80-147]

<.0001

AT (%)

80 [42-107]

50 [27-113]

40 [23-44]

106 [87-126]

<.0001

Data are expressed as mean [SD], or median [IQR]. INR= international normalized ratio; APTT= activated
partial thromboplastin time; AT= antithrombin.

Recovery of anticoagulant drugs assessed by anti-Xa and anti-IIa activity
UFH
When 0.3 U/ml UFH was added to the plasma of the controls, mean anti-Xa levels were
0.29 ± 0.04 U/ml. In contrast, plasma from patients with cirrhosis spiked with the same
amount of heparin resulted in a mean anti-Xa level of only 0.21 ± 0.05 U/ml. The reduced recovery in plasma of cirrhotic patients was statistically significant (p<0.0001)
and correlated with the severity of liver disease (Figure 1a). Furthermore, we observed
a significant positive correlation between AT levels and anti-Xa values in plasma from
cirrhotic patients (r = 0.68, p<0.0001; Fig.1b).
When UFH activity was determined by the APTT, we observed a significantly greater
prolongation of the APTT in plasma from patients compared to controls. The APTT in
patients increased from 38.7 ± 4.9 sec to 104.6 ± 49.1 sec after addition of 0.3 U/ml
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Figure 1. A. Anti-Xa activity in plasma from healthy controls and patients with Child A, Child B, and Child
C cirrhosis after addition of 0.3 U/ml UFH. Shown are means. Error bars indicate the standard error of the
mean (SEM). B. Correlation between AT levels and anti-Xa values after addition of 0.3 U/ml UFH in plasma
from patients with cirrhosis. *p < 0.001.
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Figure 2. A. Activated partial thromboplastin time (APTT) ratios after the addition of 0.3 U/ml UFH in plasma from healthy controls and patients with Child A, Child B, and Child C cirrhosis. Shown are means. Error
bars indicate the standard error of the mean (SEM). B. Correlation between AT levels and APTT ratios in
plasma from patients with cirrhosis. APTT ratios were defined as (APTT in presence of UFH/APTT in absence
of UFH). *p < 0.01.

4

of UFH and from 33.8 ± 3.8 sec to 63.8 ± 15.0 sec in controls, resulting in APTT ratios
(APTT with UFH/APTT without UFH) of 2.6 ± 1.0 and 1.9 ± 0.3, respectively (p=0.0009).
The increased effect of heparin on the APTT became more pronounced with increasing
severity of liver disease (Figure 2a). Interestingly, the response to heparin (expressed as
the APTT ratio) negatively correlated with the AT levels (r=-0.73, p<0.0001; Figure 2b).
Low molecular weight heparin
When 0.2 U/ml LMWH was added to the plasma of the controls, mean anti-Xa levels were
0.23 ± 0.03 U/ml (mean ±SD). In contrast, when plasma from patients with cirrhosis was
spiked with the same amount of LMWH, the mean anti-Xa level detected was only 0.13 ±
0.06 U/ml. The reduced recovery in plasma from cirrhotic patients, compared to normal
controls was statistically significant (p<0.0001) and correlated with the severity of liver
disease (Figure 3a).
Furthermore, we observed a significant positive correlation between AT levels and
anti-Xa values in plasma from cirrhotic patients (r = 0.66, p=0.0002; Figure 3b).
To assess whether the reduced recovery in patients was due to the decreased AT levels,
we tested the effect of addition of exogenous AT (75 ug/ml, final concentration) to the
plasma in 10 patients and 10 controls. When anti-Xa levels were set at 100% in controls,
anti-Xa levels in the absence of exogenously added AT in patients were only 64 ± 10%,
p<0.0001. In contrast, when exogenously added antithrombin was present, the recovery
in patients was 97 ± 8%, p=0.56).
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Figure 3. A. Anti-Xa activity in plasma from healthy controls and patients with Child A, Child B, and Child C
cirrhosis after addition of 0.2 U/ml LMWH. Shown are means. Error bars indicate the standard error of the
mean (SEM). B. Correlation between AT levels and anti-Xa values after addition of 0.2 U/ml LMWH in plasma
from patients with cirrhosis. *p < 0.05; **p < 0.001.

Fondaparinux
When 0.5 µg/ml fondaparinux was added to the plasma of the controls, mean anti-Xa
levels were 0.59 ± 0.04 μg/ml. Mean anti-Xa levels were significant lower in plasma from
patients with cirrhosis (0.50 ± 0.07 μg/ml, p<0.0001). The reduced recovery in cirrhosis
plasma correlated with the severity of liver disease (Figure 4a).
Again, we observed a significant positive correlation between AT levels and anti-Xa
values in plasma from cirrhotic patients (r = 0.86, p< 0.0001; Figure 4b).
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Figure 4. A. Anti-Xa activity in plasma from healthy controls and patients with Child A, Child B, and Child
C cirrhosis after addition of 0.5 µg/ml fondaparinux. Shown are means. Error bars indicate the standard
error of the mean (SEM). B. Correlation between AT levels and anti-Xa values after addition of 0.5 µg/ml
fondaparinux in plasma from patients with cirrhosis. *p < 0.001.
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Rivaroxaban
When 100 ng/ml rivaroxaban was added to the plasma samples, mean anti-Xa levels
were comparable between patients and normal controls (85.0 ± 14.2 ng/ml versus 88.0
± 11.4 ng/ml; p=0.38) (Figure 5).
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Figure 5. Anti-Xa activity in plasma from healthy controls and patients with Child A, Child B, and Child C
cirrhosis after addition of 100 ng/ml rivaroxaban. Shown are means. Error bars indicate the standard error
of the mean (SEM).

Dabigatran
After the addition of 0.3 µg/ml dabigatran, anti-IIa levels were 0.33 ± 0.01 µg/ml and
0.31 ± 0.02 µg/ml in plasma from patients and normal controls, respectively. The observed anti-IIa levels were slightly higher in plasma from patients compared to controls
(p=0.0003). However, when separating patients according to the Child-Pugh classification, the anti-IIa levels were only significantly higher in the patients with Child C cirrhosis
(0.33 ± 0.01 µg/ml; p<0.05), compared to controls (Fig. 6).









































Figure 6. Anti-IIa activity in plasma from healthy controls and patients with Child A, Child B, and Child C
cirrhosis after addition of 0.3 µg/ml dabigatran. Shown are means. Error bars indicate the standard error of
the mean (SEM). P<0.005.
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DISCUSSION
We observed a reduced recovery of AT-dependent anticoagulants assessed by anti-Xa
levels when drugs were added to the plasma of patients with cirrhosis, compared to
the recovery in plasma from healthy individuals. The addition of LMWH led to the most
pronounced underestimation of drug levels, followed by UFH and fondaparinux. In
contrast, comparable anti-Xa and anti-IIa levels were measured in plasma from patients
and controls after the in vitro addition of direct factor Xa (rivaroxaban) and direct factor
IIa inhibitors (dabigatran).
We (8) and others (7, 9) have previously demonstrated that the anti-Xa assay underestimates the LMWH mass present in plasma from patients with cirrhosis. In addition,
in the current paper we show that the anti-Xa assay also underestimates the masses
of other AT-dependent anticoagulant drugs (UFH and fondaparinux) in plasma from
patients with cirrhosis.
The reduced recovery of heparins correlated with the severity of liver disease as
assessed by the Child-Pugh score. Accordingly, and as a potential explanation for this
phenomenon, a positive correlation between AT levels and anti-Xa values was observed.
The reduced recovery of AT-dependent anticoagulants thus appears to be a direct
consequence of the acquired AT deficiency of patients with liver disease (14). Indeed,
when exogenous AT was added to the anti-Xa assay, the reduced recovery of the LMWH
in patients compared to controls was fully blunted. Furthermore, other studies have
also shown decreased anti-Xa values in patients with AT deficiency treated with UFH
or LMWH (15, 16). In addition, in neonates, who have reduced plasma levels of AT, the
anti-Xa assays have also been shown to be unreliable for this reason (17).
We observed a more pronounced increase in the APTT after the addition of UFH in
plasma from patients with cirrhosis in comparison to the controls, suggesting an enhanced anticoagulant effect of UFH in cirrhosis. In clinical practice, the APTT would thus
suggest that dose reductions are required in patients with cirrhosis. In contrast, recovery
of UFH in the anti-Xa assay is reduced in cirrhosis which in clinical practice may lead
to dose escalations to reach a desired anti Xa level. Importantly, both tests are used in
clinical practice to monitor UFH.
Based on the data of this study, we strongly suggest not to rely on anti-Xa levels for
monitoring of heparins (that exert their effect through AT) in patients with cirrhosis,
unless an anti-Xa test with exogenous antithrombin is available. However, many clinical
laboratories may not offer such a modified anti-Xa test. Novel monitoring methods (such
as for example thrombin generation tests) may provide better monitoring options in
patients with cirrhosis, but unfortunately such methods are not yet available in routine
diagnostic laboratories. Indeed, in vitro studies using thrombin generation tests have
demonstrated that LMWH has a more profound anticoagulant effect in plasma from pa-
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tients with cirrhosis as compared to plasma from healthy controls (9). Furthermore, we
have also recently demonstrated that the anticoagulant potency of clinically approved
drugs differs substantially between patients with cirrhosis and healthy individuals, using thrombin generation tests (18). Whereas dabigatran and, to a lesser extent, heparin
and LMWH are more potent in plasma from patients with cirrhosis, fondaparinux and
rivaroxaban showed a decreased anticoagulant effect. Thus, although anti-Xa levels
underestimate drug levels in cirrhotic patients treated with UFH or LMWH (which may
prompt dose escalations), thrombin generation tests suggest that UFH or LMWH are
slightly more potent in patients with cirrhosis compared to individuals with intact liver
function. In other words, dose escalations instigated by a low anti-Xa level will potentially lead to a substantial bleeding risk.
Although our study shows that heparin monitoring in patients with cirrhosis may be
improved by using anti-Xa assays to which exogenous AT is added further studies on the
performance of such assays in patients with cirrhosis are required. The direct factor Xa
and IIa inhibitors, however, may likely be monitored through the respective anti-Xa and
anti-IIa assays, as comparable anti-Xa and anti-IIa levels were observed after the addition
of respectively rivaroxaban and dabigatran in plasma from patients and controls.
Due to the limited clinical experience, the anticoagulant of choice and the dosages
for the various indications is still unclear. Nevertheless, (theoretical) advantages and
disadvantages of the available drugs in patients with cirrhosis have been recognized,
which may facilitate a rational choice for a drug in a specific clinical situation (5). The
study presented in this manuscript will assist clinicians and clinical laboratories in interpreting anti-Xa or anti-IIa test results when applied in patients with cirrhosis treated
with established or new anticoagulant drugs.
In conclusion, routine coagulation assays underestimate levels of antithrombindependent, but not of direct anticoagulant drugs in plasma from patients with cirrhosis.
This finding has practical consequences for monitoring of heparins in these patients.
Clinical (dose-finding) studies on monitoring, efficacy, and safety of heparins are urgently required to improve antithrombotic therapy in the patients with cirrhosis.
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INTRODUCTION
Historically, severe blood loss was one of the major challenges during liver transplantation. The first patient receiving a liver transplant in 1963 exsanguinated during the
procedure (1), and massive perioperative blood loss remained a major clinical challenge
until the 1980’s. Most, if not all, liver transplant procedures required transfusion of blood
products in those days, and transfusion requirements could exceed 100 units of red blood
cell concentrates (RBCs), whereas mean transfusion requirements were around 20-40
units of blood products (RBC, fresh frozen plasma, platelet concentrates, cryoprecipitate) (2,3). Blood products were, and still are, costly and accounted for a significant part
of the total costs of liver transplantation (4). In the last 15-20 years, massive blood loss
during liver transplantation has become rare and a significant proportion of patients can
nowadays be transplanted without any requirement for blood transfusion (5). Improvements in surgical technique and anesthesiological management have contributed to
this major reduction in blood loss, but in addition a better understanding of the nature
of the abnormalities in the hemostatic system have led to a more rational approach
to the prevention of blood loss. Nevertheless, severe and uncontrollable bleeding still
occurs occasion and has to be treated appropriately.
This chapter will discuss causes of blood loss during liver transplantation, strategies to
prevent blood loss, and treatment possibilities in case major bleeding does occur.

5

HEMOSTATIC ALTERATIONS IN LIVER DISEASE AND DURING LIVER
TRANSPLANTATION
The liver is the site of synthesis of most proteins involved in initiation, propagation,
and regulation of both coagulation and fibrinolysis. Consequently, major alterations in
the levels of hemostatic proteins occur in patients with liver disease (Table 1) (6, 7). In
addition, a substantially decreased platelet count is present in a large proportion of patients, which may be accompanied by platelet function defects (8, 9). Routine diagnostic
tests of hemostasis such as platelet count, prothrombin time (PT) and activated partial
thromboplastin time (APTT) are consequently frequently abnormal in a patient with
liver disease. Abnormal test results have long been interpreted as suggestive of a bleeding tendency (10). Recent advances in the understanding of both clinical and laboratory
aspects of hemostasis in liver disease have led to an alternate view of the status of the
hemostatic system in these patients (11). We have coined this alternate view the ‘concept of rebalanced hemostasis’ in patients with liver disease. The rebalanced hemostasis
theory states that with liver disease the hemostatic system is in a rebalanced status due
to concomitant alterations in both pro- and anticoagulant pathways (Figure 1). This bal-
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Table 1. Alterations in the hemostatic system in patients with liver disease that contribute to bleeding (left)
or counteract bleeding (right)
Changes that impair hemostasis

Changes that promote hemostasis

Thrombocytopenia

Elevated levels of von Willebrand Factor (VWF)

Platelet function defects

Decreased levels of ADAMTS-13

Enhanced production of nitric oxide and prostacyclin

Elevated levels of factor VIII

Low levels of factors II, V, VII, IX, X, and XI

Decreased levels of protein C, protein S, antithrombin,
α2-macroglobulin, and heparin cofactor II

Vitamin K deficiency

Low levels of plasminogen

Dysfibrinogenemia
Low levels of α2-antiplasmin, factor XIII, and TAFI
Elevated t-PA levels
source: Reproduced from J Hepatol. 2010;53(2):362-371, with permission.

	
  
	
  

Figure 1. The concept of rebalanced hemostasis in patients with liver disease. In healthy individuals (left),
hemostasis is in a solid balance. In patients with liver disease (right), concomitant changes in pro- and
antihemostatic pathways result in a ‘rebalance’ in the hemostatic system. This new balance, however, presumably is less stable than the balance in healthy volunteers and may thus more easily tip towards either
bleeding or thrombosis.
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ance is present in patients who may have severe abnormalities in routine hemostasis
tests such as the PT (either expressed as seconds or as international normalized ration
(INR)), APTT, and platelet count indicating that these tests do not reflect the true hemostatic status of patients with complex alterations of hemostasis, for example seen with
liver disease (10). Patients with liver disease thus do not necessarily have a hemostasisrelated bleeding tendency to a degree that is suggested by the low platelet count and/
or prolonged PT. Many bleeding complications that occur are unrelated to deranged
hemostasis, but rather related to complications of portal hypertension, such as esophageal varices (12, 13). However, in patients with liver disease, the hemostatic balance is
more easily disturbed as compared to healthy individuals, which may lead to bleeding
but also to thrombotic complications (summarized in Table 1) (11,14,15). Importantly,
current laboratory tests, including many newly developed point-of-care tests fail to
predict which patients are at risk for either bleeding or thrombosis.
During liver transplantation additional changes in the hemostatic system occur.
During the anhepatic phase there is a lack of synthesis of hemostatic proteins, but
more importantly, these proteins (activated hemostatic proteins and protein-inhibitor
complexes) accumulate in the circulation due to a lack of clearance by the liver. As a
result disseminated intravascular coagulation can develop, resulting in consumption
of platelets and coagulation factors and accompanied by secondary hyperfibrinolysis. During reperfusion, hyperfibrinolysis may further develop as a consequence of
release of tissue-type plasminogen activator (tPA) from the graft (16-18). The degree
of hyperfibrinolysis is related to the severity of ischemia/reperfusion injury of the
hepatic endothelium, the source of tPA upon graft reperfusion (16,19). Moreover, the
liver graft may release heparin-like substances which can inhibit coagulation (20). In
addition, hypothermia, metabolic acidosis, and hemodilution may adversely affect the
hemostatic status during liver transplantation (5). Although the additional changes in
the hemostatic system during liver transplantation have long been held directly responsible for the bleeding seen in these patients, accumulating evidence suggest that many
liver transplant recipients may remain in hemostatic balance throughout the procedure
(10,21,22). The hemostatic balance is clinically evident by an increasing proportion of
patients that can be transplanted without any blood transfusion (5, 23-26). Moreover,
recent laboratory data indicate rebalanced platelet-mediated hemostasis as a result
of a hyperreactive von Willebrand factor system, which is responsible for attachment
of platelets to damaged vasculature (27, 28). Despite profoundly prolonged routine
laboratory tests of coagulation (PT, APTT), the coagulation potential appears preserved
or even hyperreactive throughout the transplant procedure when tested with modern
thrombin generation tests (21). Finally, with improvements in graft preservation and
the avoidance of prolonged cold ischemia times, hyperfibrinolysis is nowadays less
frequently encountered.

5
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Despite the observation that the hemostatic balance is frequently relatively well
preserved during liver transplantation, there are individual patients with severe and
uncontrollable bleeding that require substantial amounts of blood products. Causes
of these bleeding complications and treatment possibilities will be discussed in this
chapter. In addition, there is increasing recognition of the potential for perioperative
thrombotic complications.

CAUSES OF BLEEDING DURING LIVER TRANSPLANTATION
Liver transplantation is a lengthy procedure with extensive surgical wound surfaces
including transection of collateral veins. Bleeding complications that may occur during
the procedure are often due to surgical causes, and meticulous surgical hemostasis is
important to limit blood loss. In addition, the presence of portal hypertension may contribute to bleeding, and as will be discussed below. Avoidance of aggravation of portal
hypertension by fluid restriction and maintenance of a low central venous pressure may
be required to reduce pressure-associated bleeding complications (23). There is evidence that a liberal fluid management (including the liberal use of blood products such
as fresh frozen plasma) may aggravate the bleeding tendency of patients during liver
surgery by increasing central venous pressure (CVP) and splanchnic venous pressure
(5, 23, 29-32). Dysfunctional hemostasis may contribute to bleeding in some patients,
and multiple potential causes may be present. Firstly, hypothermia, metabolic acidosis,
and low ionized calcium levels directly affect the hemostatic system, and prevention
and treatment of these complications is important to prevent bleeding (5). Secondly,
although the role of thrombocytopenia and coagulation factor defects in bleeding during liver transplantation has never been convincingly shown, it has been established
that hyperfibrinolysis is associated with an increased bleeding risk (16, 33, 34).
Earlier studies have suggested that patients with a more severe disease have an
increased bleeding risk, however more recent studies have failed to provide proof for
a correlation between disease severity and blood loss (35). Even more, it has been demonstrated that over time a progressive decrease in transfusion requirements is observed
despite a progressive increase in MELD score of the recipients (26). The most important
predictor of blood product use may be the center, or the surgical or anesthesiology team,
which may indicate that surgical and anesthesiological factors rather than a defective
hemostatic system are the primary cause for perioperative bleeding (36,37).
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PROPHYLACTIC STRATEGIES TO PREVENT BLOOD LOSS
Multiple reasons to support an active attitude towards prevention of bleeding during
liver transplantation exist. Firstly, a dry surgical field is beneficial for the surgeon and
lack of bleeding complications will shorten the procedure. Second, excessive blood loss
is associated with a worse outcome for multiple reasons, one being the direct detrimental effects of blood product transfusion (38-41). Finally, reduction of transfusion
requirements as well as reduction of the duration of surgery will save costs. Multiple
prophylactic strategies to reduce or avoid bleeding exist, and the pro’s and con’s of these
strategies will be discussed in the following paragraphs.

Blood products
In the early days of liver transplantation, prophylactic administration of blood products
prior to the procedure was standard of care. It was believed that (partial) correction
of abnormal hemostasis tests prior to surgery would improve the overall hemostatic
status of the patients, resulting in a reduced bleeding risk. Consequently, liver transplant
procedures routinely started with administration of fresh frozen plasma (FFP) to correct the prolonged PT/APTT, platelet concentrates to reverse thrombocytopenia, and
cryoprecipitate to increase the circulating level of fibrinogen (5). Also, administration
of RBCs to reverse anemia is believed to improve hemostasis by virtue of the pivotal
role of red blood cells in platelet attachment to the damaged vasculature in flowing
blood (42). During the procedure, frequent monitoring of the hemostatic status by PT,
APTT, platelet count, and fibrinogen measurements is performed to guide additional
administration of blood products. Alternatively, thromboelastography may be used to
guide transfusion (43-45).
Although prophylactic administration of blood products prior to and during liver
transplantation is still common practice in many centers, little evidence for the efficacy
of such a strategy exists, and there may be valid arguments against prophylactic administration of blood products (5, 12, 32, 46). Administration of blood products is associated
with the potential for volume overload and inevitably results in elevation of CVP and
splanchnic venous pressure. This is particularly true in critically ill transplant recipients
with a hyperdynamic circulation with increased cardiac output and active shunts between the systemic and portal venous circulation. In a patient with portal hypertension,
elevation of CVP by administration of blood products may thus paradoxically induce
bleeding by pressure effects rather than decreasing bleeding risk by improving the
hemostatic status (30, 31). Furthermore, administration of blood products is associated
with adverse effects and affect morbidity and mortality (23,24,47-50) and normalization
of routine laboratory tests is hardly ever achieved (51).
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Rather than prophylactic administration of blood products in a patient that is not
(yet) bleeding, a wait-and-see policy is increasingly used. In this scenario, the anesthesiologist and surgeon accept (profoundly) abnormal PT, APTT, platelet and fibrinogen
levels, as they do not accurately reflect the hemostatic status, and commence with the
procedure only to initiate blood product transfusion in case of active bleeding complications (5,32,52). Since abnormal preoperative hemostasis tests do not appear to predict
perioperative bleeding risk and many centers can nowadays transplant a large number
of patients without any blood transfusions, this wait-and-see policy appears justified
(5, 23-26). When active bleeding does occur, administration of blood products may be
guided by laboratory tests or thromboelastography (43, 44). Specifically, a profound
thrombocytopenia in a bleeding patient may be reason for platelet transfusion, whereas
a prolonged PT or INR may be reason to transfuse FFP. Furthermore, hypofibrinogenemia
may prompt transfusion of fibrinogen concentrate or cryoprecipitate, whereas evidence
of hyperfibrinolysis on the thromboelastograph may be a reason to start antifibrinolytic
therapy. There is no clear evidence that laboratory test-based transfusion is optimal
in the context of liver transplantation. And for example whole blood transfusion is by
some as an alternative. No consensus on on-demand transfusion strategies exist, and
variability between centers is high (36, 40). The ratio of blood products administered
in bleeding patients is likely important, and some authors have even suggested that
whole blood transfusion may be more appropriate than transfusion of individual blood
components (53).

Pharmacological agents
A major advance in management of bleeding complications in liver transplantation has
been the use of antifibrinolytic agents. The serine protease inhibitor aprotinin has been
shown to reduce transfusion requirements during liver transplantation by around 3050% (33, 34, 54), and these findings also indicate that the hyperfibrinolytic status that
can accompany liver transplantation is clinically relevant. Aprotinin not only inhibits
the fibrinolytic protease plasmin, but also has anti-inflammatory properties by virtue
of inhibition of kallikrein and the protease activated receptor type 1 (55). Administration of aprotinin in liver transplant patients does not appear to be associated with side
effects such as thrombosis or renal failure (56-58), which have been reported to occur
in cardiac surgery. Despite the apparent excellent risk/benefit profile of aprotinin in
liver transplantation, safety concerns in cardiac surgery have led to the withdrawal of
aprotinin from the market both in the US and Europe. The lysine analogues tranexamic
acid and ε-aminocaproic acid are potentially suitable alternatives for aprotinin (5).
Although both drugs are widely used, only tranexamic acid has been shown to reduce
transfusion requirements in randomized studies (59-61). It has to be noted that both
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tranexamic acid and ε-aminocaproic acid are potent antifibrinolytic agents, but lack the
anti-inflammatory properties of aprotinin.
Other pro-coagulant drugs may also be beneficial in reducing bleeding. An initial
non-controlled trial suggested recombinant factor VIIa (rFVIIa) to reduce transfusion requirements during liver transplantation (62, 63). However, two subsequent randomized
controlled trials did not show any benefit from rFVIIa administration, despite a profound
correction of the PT (64, 65). These findings illustrate that normalization of the PT does
not translate in a reduction of bleeding risk, which is in line with the findings that the
PT does not predict bleeding risk, and with the laboratory finding that the PT does not
accurately reflect the hemostatic status in a patient with liver disease. Although prophylactic administration of rFVIIa does not reduce perioperative blood loss, rFVIIa may be an
option as ‘rescue agent’ in patients with intractable bleeding.
Improvement of platelet function parameters, in particular shortening of the bleeding
time by administration of 1-deamino-8-D-arginine vasopressin (DDAVP), has not been
shown to translate into clinical improvement of hemostasis. Several studies showed no
effect of DDVAP on variceal bleeding or on blood loss in patients undergoing partial
hepatectomy or liver transplantation (66), indicating that correction of the bleeding
time may not necessarily result in improvement of hemostasis.
A pharmacological pro-hemostatic strategy that may have potential, but have not yet
been tested in adequately powered clinical studies are the use of prothrombin complex
concentrates (PCCs) to improve the coagulation status. The theoretical advantage of
PCCs over FFP is the low volume of PCCs, which prevents the inevitable rise in CVP and
splanchnic venous pressure that is accompanied by FFP infusion. On the other hand
PCCs only contain a selection of coagulation factors and its use may be associated with a
thrombotic risk. Future randomized clinical trials (RCTs) will have to demonstrate safety
and efficacy of PCCs in reducing bleeding during liver transplantation.

5

Fluid restriction
Emerging evidence indicates that the hemostatic balance during liver transplantation
is relatively well maintained (10), and that portal hypertension, fluid overload, and the
hyperdynamic circulation are more important determinants of perioperative bleeding
than possible coagulation defects (23,67,68). Liver disease and portal hypertension are
associated with increased plasma volume and disturbed cardiac function and the administration of fluids results in a further increase in portal and central venous pressure,
promoting rather than preventing bleeding tendencies when surgical damage is inflicted
(12,29-32,46,67). Avoidance of fluid overload by a very conservative transfusion policy
and by restriction of infusion of colloids and/or saline thus likely reduces bleeding risk. A
recent RCT compared a policy of restrictive transfusions and low central venous pressure
with a liberal transfusion policy, and found that the former policy leads to a significant
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reduction in intraoperative blood loss and transfusion requirement, especially during
the preanhepatic phase (69). Liberal use of blood products, including preoperative
correction of abnormal laboratory test values may thus even be counterproductive, as
these blood products increase venous pressure and thereby ‘fuel the fire’. Some groups
have taken more drastic steps to maintain a low perioperative CVP by combining fluid
restriction protocols with preoperative phlebotomy (23, 68, 70). One center has reported
that ~80% of patients could be transplanted without the requirement for any transfusion when using fluid restriction in combination with preoperative phlebotomy (68).
It is important to realize that acceptance of a low hematocrit (20-25%) is essential in
such a strategy. A major concern regarding the use of fluid restriction protocols is the
risk of complications such as air embolism, systemic tissue hypoperfusion, and renal
failure (24, 68, 71, 72). Although one non-controlled study showed an increase in renal
failure using a low CVP strategy (72), a number of other studies, including one RCT, have
concluded that fluid restriction during liver transplantation is safe and does not lead to
an increased incidence of post-operative renal failure (23,68,69).

Surgical and anesthesiological techniques
In general, the experience of the surgical team is an important determinant of perioperative bleeding, but specific improvements in surgical technique have also been instrumental in reducing blood loss (5, 32). The introduction of the use of venovenous bypass
in the 1980 has presumably contributed to a reduction of blood loss, as this technique
results in avoidance of major hemodynamic changes during the anhepatic phase (73).
Subsequent introduction of the piggyback technique has led to a significant further
decline in transfusion requirements (74, 75). A major advantage of the piggyback technique with respect to blood loss is the avoidance of dissection of the retroperitoneum,
which avoids dissection of multiple collateral veins in this area. More importantly, the
piggyback technique has enabled reduction of intraoperative fluid load (74, 75).
Anesthesiological interventions to prevent excessive bleeding are maintenance of
body temperature, pH, and ionized calcium level. For example avoidance of hypothermia
is accomplished by heating blankets, and administration of fluids at 30 degrees Celsius
(5, 72). Frequent determination of serum ionized calcium levels and aggressive replacement is key especially when large amount of RBC are transfused. Citrate that acts as an
anticoagulant in RBC by chelating calcium is metabolized by the liver. With liver disease
and especially during the anhepatic phase plasma citrate levels may be high. Frequent
calcium replacement is often required to maintain adequate ionized calcium levels.
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LABORATORY MONITORING OF BLEEDING AND TRANSFUSION
Traditionally, laboratory tests such as the PT, APTT, platelet count, fibrinogen level, and
hematocrit were used to guide transfusion. Cut-offs for transfusion differ substantially
from center to center, and it is becoming evident that there is little evidence to support
blood product transfusion at certain laboratory thresholds (e.g. a platelet count below
50 x 109/L or a PT > 1.5-2 times the upper limit of normal) in the absence of active bleeding (32,33,40,46). Even in the presence of active bleeding, target laboratory values to
be achieved have never been thoroughly established. However aiming for a hemostatic
profile of platelet count >50 x 109/L, PT<1.5-2 times the upper limit of normal and a
fibrinogen level of 1-2 g/L appears reasonable. Instead of using these classic laboratory
values, the use of thromboelastography has been suggested to result in a more rational
use of blood product transfusion although definitive data are lacking. The thromboelastography tracing can distinguish between a specific platelet or coagulation defect and
is the only available rapid test that can indicate hyperfibrinolysis. Thromboelastography
tracing can thus guide platelet, FFP, and fibrinogen transfusion and possibly antifibrinolytic therapy (43, 44). Some centers use thromboelastography for prophylactic transfusion
of blood products, whereas other centers only transfuse blood products in case of active
bleeding. There are an increasing number of variations of the thromboelastography on
the market which differ in coagulation trigger (none, tissue factor, kaolin) or in additive
that specifically neutralize specific components of coagulation (heparins, platelets, fibrinolysis). The true value of native or variant thromboelastography in guiding transfusion
or predicting bleeding remains to be established.

5

ADVERSE EVENTS OF BLOOD PRODUCTS
Large intra-center variability in blood product use during liver transplantation exists
(36). Part of this variability may be explained by differences in the surgical experience
of the teams, but an important contributor to this variability is the lack of uniformity
of transfusion protocols. An important difference between centers is the choice between prophylactic administration of blood products based on pre- and perioperative
laboratory parameters and an on-demand approach in which blood products are only
transfused when active bleeding occurs. When deciding to transfuse blood products,
one has to weigh the possible (and in liver transplantation often uncertain) benefits
against potential adverse events.
A number of adverse effects associated with blood product use are well recognized (48,
76). Although the risk of viral transmission has not yet been fully eliminated, the chance
of contracting a virus through blood product transfusion is extremely low, at least in the
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western world (39, 77). Transmission of bacteria can still occur, in particular with transfusion of platelet concentrates which are stored at room temperature, which increases the
risk of bacterial growth (49, 78, 79). Hemolytic and allergic transfusion reactions have
been well described but are fortunately relatively rare (76). A recently recognized risk of
blood product transfusion is transfusion-related acute lung injury (TRALI), an antibody
mediated transfusion reaction that is rare, but may be fatal (80). The risk of TRALI appears highest with the use of FFP, in particular FFP from female donors (81-83). Blood
product administration results in depression of the immune response, which in theory
may be beneficial with liver transplantation as it may contribute to prevention of rejection. However, transfusion-related immune modulation also increases the incidence of
postoperative infections. Finally, fluid overload is an important potential complication
of transfusion of blood products (50).
The introduction of transfusion-free liver transplantation has allowed us the assessment of the effects of blood product transfusion. Several studies have demonstrated
that blood product transfusion is associated with increased morbidity and mortality
even after thorough adjustment for potential confounders (38, 84, 85). Adverse events
of transfusion are still observed at low doses of blood products. Furthermore a doseeffect has been demonstrated, indicating that in patients who received some blood
products during the transplantation, further minimization of transfusion may be of the
utmost importance (5).

CONCLUSION - A RATIONAL APPROACH TO PREVENTION OR TREATMENT OF
BLEEDING
Increasing laboratory evidence suggests that the hemostatic system in a patient with
liver disease is in a rebalanced situation, and consequently much more competent than
suggested by routine laboratory tests such as the PT and platelet count. During liver
transplantation, the hemostatic status appears to remain in balance, when tested by
more sophisticated laboratory tests. These findings, combined with the clinical observations that an increasing number of centers report that a substantial number of patients
can undergo a liver transplantation without any blood transfusion, suggest that dysfunctional hemostasis is not necessarily the prime cause for perioperative bleeding.
Nevertheless, occasionally patients with dysfunctional hemostasis as the primary cause
for excessive blood loss are encountered and hyperfibrinolysis is often observed in these
patients.
Clinical experience suggests that portal hypertension, fluid overload, and the
hyperdynamic circulation are much more important determinants of bleeding than a
dysfunctional hemostatic system. Volume contraction therefore may be vital in avoiding
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bleeding during transplantation. Volume contraction is achieved by restrictive use of
fluids, avoidance of fluid overload, and a very restrictive use of blood products. Preoperatively, correction of a prolonged PT or decreased platelet count is not required and may
even be counterproductive as transfusion of these products can result in elevation of
the CVP and splanchnic venous pressure. Perioperatively, transfusion of blood products
should be restricted to situations in which active bleeding not of surgical origin occurs.
Transfusion may be guided by laboratory values or thromboelastography, although little
evidence for the efficacy of this strategy exists. The restrictive use of blood products may
also be of benefit for long-term outcome, since multiple studies suggest that transfusion in liver transplant recipients is associated with increased morbidity and mortality.
Antifibrinolytics may be used to reduce fibrinolytic bleeding, either prophylactically or
on-demand, except in patients with a high thrombotic risk, such as patients with cholestatic disease who demonstrate hypercoagulability on the thromboelastograph. Finally,
the acceptance of low hematocrit values (20-25%) as part of a restrictive transfusion
policy appears to be safe.
Although transfusion thresholds and protocols have not been established, it appears
reasonable that in case of larger transfusion requirements, RBC, FFP and platelets should
be concomitantly administered in physiological ratios. On-demand use of antifibrinolytics may be considered, especially with evidence of hyperfibrinolysis on thromboelastography. Also, the use of rFVIIa may be considered, but little data on efficacy and safety are
available. This drug is also extraordinarily expensive. Additional studies on the optimal
management of intractable bleeding during liver transplantation are required however
it will be difficult to achieve adequate power for these studies.
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ABSTRACT
Background: Blood loss during orthotopic liver transplantation (OLT) remains a topic
of concern due to the increased morbidity and mortality associated with transfusion of
blood products. Antifibrinolytic drugs are frequently used to manage hemostasis during
OLT. Prophylactic use of the antifibrinolytic drug aprotinin has seized since early 2007
due to raised concerns for thromboembolic complications, renal failure, and increased
mortality, eventually leading to market withdrawal of this drug. Since then, antifibrinolytic drugs such as tranexamic acid are in many centers only used in selected patients
during OLT. The aim of this study was to investigate whether the discontinuation of the
prophylactic use of aprotinin has influenced blood loss and red blood cell (RBC) transfusion requirements during OLT in our center.
Methods: Blood transfusion records and data on recipient, donor and surgical variables
for 373 adult patients undergoing primary OLT in our center between 2000 and 2013
were analyzed and compared for the aprotinin (2000-2007) and post-aprotinin era
(2007-2013). A multivariable logistic regression analysis was performed to identify risk
factors for RBC transfusion.
Results: The proportion of patients without any RBC transfusion decreased from 39%
in the aprotinin era to 21 % in the post-aprotinin era (p<0.001). The median amount
of RBC transfusion increased from 2 U (interquartile range (IQR) 0-6 U) in the aprotinin
era to 4 U (IQR 1-9 U) in the post-aprotinin era (p<0.001). In a multivariable analysis the
following variables were found to be independently associated with RBC transfusion: ‘no
aprotinin’ (OR 2.93; 95%CI 1.58-5.44; p= 0.001), recipient age (OR 1.03; 95% CI 1-1.05; p=
0.015), female recipient gender (OR 2.26; 95% CI 1.25-4.09; p= 0.007), and MELD score
(OR 1.12; 95%CI 1.07-1.17; p<0.001). In addition, patients with alcoholic liver disease
had significantly higher risk for RBC transfusion compared to patients with biliary liver
disease (OR 13.68; 95%CI 3.71-50.45; p<0.001).
Conclusion: RBC transfusion requirements during OLT have significantly increased in
the era after market withdrawal of aprotinin. These results emphasize the role of hyperfibrinolysis in blood loss during OLT and plea for further investigation and reconsideration
of prophylactic use of antifibrinolytic drugs in patients undergoing OLT.
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INTRODUCTION
Blood loss and transfusion requirements during orthotopic liver transplantation (OLT)
have dramatically decreased in the past decades due to evolution of surgical techniques,
a restrictive transfusion policy and a better overall understanding of hemostasis (1).
Several centers have even reported OLT without the need for any red blood cell (RBC)
transfusion (1-5). However, because of the increased morbidity and mortality associated with even the smallest amount transfusion (2,3,5-11), management of blood loss
and further reducing transfusion requirements of blood products during OLT remain
relevant in the current day and age.
Chronic liver disease is associated with changes in several pro-and antihemostatic
proteins, resulting in a rebalanced yet more fragile hemostatic system, which is easily
susceptible to disturbance during OLT (12). Hyperfibrinolysis during the anhepatic and
the post-reperfusion phase of OLT is a well-defined mechanism of increased blood loss
and has been reported in up to 50-70% of the patients (13-15). Hyperfibrinolysis during these phases results mainly from increased plasma concentrations of tissue-type
plasminogen activator (t-PA), an important fibrinolysis activator, and decreased activity
of plasminogen activator inhibitor type 1 (PAI-1) (16).
Besides RBC, fresh frozen platelets (FFP), platelet concentrates and fibrinogen, antifibrinolytic drugs play an important role in the prevention and management of blood loss
during OLT. Antifibrinolytic drugs frequently used during OLT are aprotinin, and lysine
analogues such as epsilon aminocaproic acid and tranexamic acid. These drugs exert
their antifibrinolytic effect through the inhibition of plasmin or plasmin formation, an
important enzyme in the degradation of fibrin. Randomized clinical trials have shown
that aprotinin reduces intra-operative blood loss by 30-50% in patients undergoing OLT
(17-19).
Aprotinin was prophylactically used in many centers in patients undergoing OLT until
2007. Following increasing concerns for thromboembolic events, increased mortality,
and renal dysfunction reported in literature in cardiac surgery patients, the drug was
banned by drug regulating authorities and eventually withdrawn from the market by
the manufacturer. Since then, many liver transplant centers have switched to an ad hoc
use of tranexamic acid in liver transplant recipients.
Previously we have reported median transfusion requirements of 7 red blood cell
(RBC) units during OLT and a transfusion free OLT rate of 26% (3). We conducted a
retrospective data analysis to investigate whether there has been an increase in RBC
transfusion requirements after discontinuation of aprotinin, and if so, to which extent
the discontinuation of aprotinin might be responsible for this increase.
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METHODS
Study population
A total of 720 consecutive OLTs were performed in our center between January 1, 2000
and January 1, 2013. After excluding pediatric liver transplantation (age < 18 years; n =
191), retransplantation (n = 97), and patients undergoing a combined organ transplantation (n = 59), data from 373 primary OLTs in adult patients were analyzed for this study.
Data on the use of antifibrinolytic drug, demographic variables, patient characteristics,
donor characteristics, perioperative clinical variables including transfusion requirements, and mortality were collected. Patient data were split into two eras, the aprotinin
era (2000-2007) and the post-aprotinin era (2007-2013).

Surgical and anesthesiological techniques
The preferred technique for OLT in our center is the piggy-back technique with preservation of the recipient’s vena cava, without venovenous bypass. The surgical technique of liver transplantation has not changed in our center during the past decade.
A restrictive transfusion policy was maintained during OLT in order not to aggravate
portal hypertension. No specific attempts to lower central venous pressure or to correct
preoperative international normalized ratio (INR) were made prior to surgery. Blood loss
was compensated for at a hematocrit <0.25 by transfusion of allogenic RBC. One unit of
RBC contained approximately 250 mL. Transfusion of FFP and platelet concentrates was
dictated by ongoing significant bleeding and never solely based on laboratory values.
One unit of FFP contained approximately 225 mL and one unit of platelet concentrate
contained approximately 150 mL.
We distinguished two eras, the aprotinin era in which aprotinin was the antifibrinolytic drug of choice (2000-2007), and the post-aprotinin era (2007-2013). Prior to 2007,
aprotinin was administered to all patients except those with known thrombophilia, preexisting thrombotic conditions, or signs of hypercoagulability on thromboelastography
during induction of anesthesia. The use of aprotinin in our center was seized in May
2007 and only two patients received aprotinin between January-May 2007. Hereafter
tranexamic acid was the antifibrinolytic drug of choice, however the drug was only given
to two patients with signs of hyperfibrinolysis on thromboelastography and significant
ongoing blood loss.

Study and outcome variables
We included the following donor variables in our analysis: age, gender, length, weight,
body mass index (BMI), cause of death, and type of donation (donation after brain death
(DBD) or donation after circulatory death (DCD)). The following recipients variables were
included: age, gender, length, weight, BMI, indication for OLT, type of surgical procedure
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(conventional versus piggyback implantation), year of transplantation, preoperative
levels of total serum bilirubin, creatinin, international normalized ratio (INR), model of
end-stage liver disease (MELD)-score. Other variables included were duration of preanhepatic, anhepatic and reperfusion phase, duration of surgery, cold- and warm ischemia
times.
The primary outcome variable for this study was RBC transfusion. Other outcome variables were estimated blood loss (referred to as blood loss), FFP and platelet transfusion,
and the use of antifibrinolytic drugs.

Statistical analyses
Continuous variables are reported as medians with interquartile range (IQR) and categorical variables as numbers with percentages. To analyze differences between the
aprotinin- and the post-aprotinin era, univariate analysis using the Mann-Whitney U
test was performed for all continuous variables, and the Chi-square or Fisher’s exact test
for all categorical variables. To determine risk factors for RBC transfusion (0 and ≥1 unit
RBC), univariate analysis using the Mann-Whitney U test was performed for all continuous variables, and the Chi-square or Fisher’s exact test for all categorical variables. All
variables reaching a p-value of ≤ 0.1 in the univariate analysis were included in a multivariable logistic regression analysis using backward elimination. All two-tailed p-value
< 0.05 was considered statistically significant. Data from the multivariable analysis is
presented as odds values (OR) with 95% confidence intervals (CI). SPSS/PC Advanced
Statistics Package, Version 20 (SPSS, Chicago, IL) was used to perform the statistical
analyses for this study.

6

RESULTS
Study population
Patient, donor and surgical characteristics for the entire study population are summarized in Table 1. Recipient age, recipient BMI, and the percentage of DCD donation
were significantly higher in the post-aprotinin era. There were significant differences in
indication for OLT between the two era’s, with a marked increase in transplantations for
metabolic disease in the post-aprotinin era. There was no difference in preoperative INR
or MELD-score. A significant reduction in cold- and warm ischemia times was seen in the
post-aprotinin era.
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Table 1. Patient, donor, and surgical characteristics of the study groups
Total
population
N= 373

Aprotinin era
N=192

Post-aprotinin
era
N=181

p-value

Age (years)

53 (43-59)

52 (41-57)

54 (44-60)

0.032

BMI

25( 23-27)

24 (22-27)

26 (23-28)

0.009

Female

150 (40%)

84 (44%)

66 (36%)

0.170

Male

223 (60%)

108 (56%)

115 (64%)

Metabolic liver disease

56 (15%)

22 (11%)

34 (19%)

Acute liver failure

26 (7%)

11 (6%)

15 (8%)

HCC

8 (2%)

2 (1%)

6 (3%)

Autoimmune hepatitis

21 (6%)

17( 9%)

4 (2%)

Viral hepatitis

48 (13%)

23 (12%)

25 (14%)

Biliary liver disease

99 (26%)

58 (30%)

41 (23%)

Alcoholic liver disease

60 (16%)

31 (16%)

29 (16%)

Cryptogenic liver disease

32 (9%)

17 (9%)

15 (8%)

Miscellaneous

23 (6%)

11(6%)

12 (7%)

16 (12-23)

15 (11-22)

17 (13-25)

0.590

Age (years)

49 (40-58)

49 (39-57)

50 (40-60)

0.196

BMI

24 (22-26)

24 (22-26)

25 (23-26)

0.130

Female

175 (47%)

95 (50%)

80 (44%)

0.300

Male

197 (53%)

96 (50%)

101 (56%)

DBD

296 (79%)

169 (88%)

127 (70%)

DCD

77 (21%)

23 (12%)

54 (30%)

Full size

357 (96%)

186 (97%)

171 (94%)

Reduced or split size

16 (4%)

6 (3%)

10 (6%)

Piggyback implantation

324 (87%)

166 (87%)

158 (87%)

Conventional implantation

49 (13%)

26 (13%)

23 (13%)

Cold ischemia time (min)

460 (406-545)

481 (412-575)

449 (396-521)

0.013

Warm ischemia time (min)

45 (39-51)

47 (40-55)

42 (37-49)

≤0.001

Antifibrinolytics

Aprotinin

106 (28%)

105 (55%)

2 (1%)

≤0.001

Tranexamic acid

2 (1%)

0

2 (1%)

-

None

249 (67%)

72 (38%)

177 (98%)

≤0.001

RBC (units)

3 (0-8)

2 (0-6)

4 (1-9)

<0.001

FFP (units)

0 (0-5)

0 (0-4)

2 ( 0-8)

0.003

Platelet (units)

0 (0)

0 (0)

0 (0-1)

0.579

Variables
Recipient

Gender
Indication for OLT

MELD-score

0.044

Donor

Gender
Type of donor
Type of graft

≤0.001
0.311

Surgery
Technique

Transfusion

Blood loss (ml)

0.879

2700 (1600-5950) 2500 (1475-5200) 3000 (2000-6213) 0.013

Data represents numbers (percentages) for categorical variables or medians (IQR) for continuous variables.
The p-value was calculated for differences in variables between the aprotinin- and post-aprotinin era using
the Mann-Whitney U test or the Chi-square test for categorical variables. For some variables the total cases
may be less than 373 reflecting missing data. Abbreviations used: BMI= body mass index; HCC= hepatocellular carcinoma; INR= international normalized ratio; MELD= model of end-stage liver disease; DBD= donation after brain death; DCD= donation after circulatory death; RBC=red blood cell transfusion; FFP= fresh
frozen plasma transfusion; EBL= estimated blood loss; MELD=model of end-stage liver disease.
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Transfusion of blood products
RBC transfusion during the course of the study period is illustrated in Figure 1. The
median amount of RBC transfusion, FFP transfusion and blood loss were significantly
higher in the post-aprotinin era compared to the aprotinin era (Table 2). There was no
difference in the amount of platelet transfusion between the two eras. The proportion
of patients with RBC transfusion-free OLT decreased from 39 % in the aprotinin era to 21
% in the post-aprotinin era (p<0.001).
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Figure 1. Red blood cell (RBC) transfusion requirements in adult patients undergoing primary liver transplantation in the time period 2000 - 2013. Data is presented as box plots, representing medians, interquartile range and 5-95% range. Aprotinin was discontinuated from 2007 in the University Medical Center
Groningen.

Table 2. Data on transfusion and estimated blood loss
Transfusion

Blood loss (ml)

Total population

Aprotinin era

Post-aprotinin era

p-value

RBC (units)

3 (0-8)

2 (0-6)

4 (1-9)

<0.001

FFP (units)

0 (0-5)

0 (0-4)

2 ( 0-8)

0.003

Platelet
(units)

0 (0)

0 (0)

0 (0-1)

0.579

2700 (1600-5950)

2500 (1475-5200)

3000 (2000-6213)

0.013

Page 1

Data represents medians (IQR). The p-value was calculated for differences in transfusion and blood loss
between the aprotinin- and post-aprotinin eras using the Mann-Whitney U test.
Abbreviations used: EBL= estimated blood loss; RBC= red blood cell; FFP= fresh frozen plasma.
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Uni- and multivariable analysis of variables associated with RBC transfusion
Variables associated with RBC transfusion in the univariate analysis were recipient
age, recipient gender, indication for transplantation, MELD score, cold ischemia time,
urgency, and use of aprotinin (Table 3).
After multivariable analysis the following independent risk factors for RBC transfusion
were identified: ‘no aprotinin’, recipient age, female recipient gender, and MELD score
(Table 4). For the variable ‘indication for OLT’, we used the group ‘biliary liver disease’
as indicator. This analysis revealed that patients with alcoholic liver disease had a significantly higher risk for RBC transfusion compared to patients with biliary liver disease.
There were no significant differences for other indications for OLT and biliary liver
disease.

Table 3. Univariate analysis of variables in patients receiving no RBC transfusion and patients receiving ≥1
RBC transfusion
no RBC transfusion
n=112

Variables

≥1 RBC
transfusion
N=255

p-value

Recipient
Age (years)

50 (38-57)

54 (46-60)

0.002

BMI

24 (23-27)

25 (23-28)

0.127

Female

36 (32%)

112 (44%)

0.038

Male

76 (68%)

143 (56%)

Metabolic liver disease

19 (17%)

35 (14%)

Acute liver failure

3 (3%)

22 (9%)

HCC

0

8 (3%)

Autoimmune hepatitis

11 (10%)

10 (4%)

Viral hepatitis

18 (16%)

30 (12%)

Biliary liver disease

42 (37%)

55 (21%)

Alcoholic liver disease

4 (4%)

56 (22%)

Cryptogenic liver disease

6 (5%)

26 (10%)

Miscellaneous

9 (8%)

13 (5%)

11 (8-15)

17 (11-25)

Gender
Indication for OLT

MELD-score

<0.001

<0.001

Donor
Age (years)

50 (41-56)

49 (37-59)

0.720

BMI

25 (23-26)

25 (22-26)

0.784
0.651

Gender
Type of donor
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Female

55 (49%)

118 (46%)

Male

57 (51%)

136 (54%)

DBD

87 (78%)

200 (78%)

DCD

24 (21%)

51 (20%)

Domino

1 (1%)

4 (2%)

0.842
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Table 3. Univariate analysis of variables in patients receiving no RBC transfusion and patients receiving ≥1
RBC transfusion (continued)
no RBC transfusion
n=112

Variables
Type of graft
Cause of death

Surgery

Urgency
Aprotinin

≥1 RBC
transfusion
N=255

Full size

108 (97%)

243 (95%)

Reduced size

4 (3%)

12 (5%)

Trauma

34 (30%)

69 (27%)

Cerebrovascular

68 (61%)

166 (65%)

Trauma

9 (8%)

17 (7%)

Piggyback implantation

95 (85%)

224 (88%)

Conventional implantation

17 (15%)

31 (12%)

Cold ischemia time (min)

447 (395-513)

464 (410-561)

p-value
0.785
0.691

0.501
0.062

Warm ischemia time (min)

46 (39-54)

45 (39-50)

0.524

Elective

109 (97%)

230 (90%)

0.014

High urgency

3 (3%)

24 (9%)

Yes

39 (35%)

67 (26%)

No

66 (59%)

181 (71%)

0.075

Data represents numbers (percentages) for categorical variables or medians (IQR) for continuous variables.
For some variables the total cases may be less than 373 reflecting missing data. Abbreviations used: RBC=
red blood cell transfusion; BMI= body mass index; HCC= hepatocellular carcinoma; MELD= model of endstage liver disease; DBD= donation after brain death; DCD= donation after circulatory death.
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Table 4. Independent risk factors for RBC transfusion in the multivariable analysis
Variables

Odds ratio

95% Confidence Interval

p-value

No aprotinin

2.93

1.58 - 5.44

0.001

Recipient age

1.03

1 -1.05

0.015

MELD-score

1.12

1.07 - 1.17

<0.001

Female recipient gender

2.26

1.25 - 4.09

0.007

Alcoholic liver disease

13.68

3.71 - 50.45

<0.001

Abbreviations used: MELD= model of end-stage liver disease.

DISCUSSION
This study shows an increase in RBC transfusion, FFP transfusion, and blood loss during
OLT after the discontinuation of aprotinin. In the multivariable analysis ‘no aprotinin’
was identified as an independent risk factor for RBC transfusion during OLT. Besides
aprotinin, recipient age, female gender, MELD score, and transplantation for alcoholic
liver disease were identified as independent risk factors for RBC transfusion.
Two other previously reported studies have examined RBC transfusion requirements
during OLT after the discontinuation of aprotinin. The first study demonstrated a sig-
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nificant increase in RBC transfusion after the discontinuation of aprotinin, consistent
with our findings (20). The second study showed no significant increase in transfusion
after discontinuation of aprotinin (21). In this study however, 15% of the patients in
the post-aprotinin era received tranexamic acid to treat hyperfibrinolysis. In our study
tranexamic acid was administered in only 2 patients (1%) during the post-aprotinin
era. No standardized prophylactic antifibrinolytic therapy was used for the remaining
patients in this era, illustrating the difficulty to assess clinically relevant hyperfibrinolysis
during OLT.
The restrictive use of antifibrinolytics in the post-aprotinin era in our center can be ascribed to the presumed risk for thromboembolic complications during OLT. Lysine analogues, such as tranexamic acid and epsilon aminocaproic acid, are currently available for
patients undergoing OLT. In several studies including a large meta-analysis tranexamic
acid has been proven to be safe and effective in reducing RBC transfusion in patients
undergoing OLT (22). Head-to-head comparison of aprotinin and tranexamic acid in two
prospective randomized trials showed no differences in blood loss between the two
products (23,24). The efficacy of aminocaproic acid in OLT has not yet been established
but in a meta-analysis investigating the safety and efficacy of antifibrinolytics in patients
undergoing major surgery, both tranexamic acid and aminocaproic acid were found to
be effective in reducing blood loss and RBC transfusion, without increasing the risk for
thromboembolic complications or mortality (25). In a recently published retrospective
study in the field of OLT, the investigators found no difference in RBC transfusion between patients treated with epsilon aminocaproic acid and controls (25). However, there
was a significant decrease in FFP transfusion and blood loss in patients receiving epsilon
aminocaproic acid. In this study a higher incidence of deep vein thrombosis was found
in patients treated with epsilon aminocaproic acid, which was confounded by enhanced
deep venous thrombosis surveillance in the years during which aminocaproic acid was
used.
Compared to the lysine analogues, the reported anti-inflammatory and platelet preserving properties of aprotinin may hold an advantage in OLT. Patients with end stage
liver disease often depict decreased platelet count which diminishes even further during surgery (26). Besides inhibiting fibrinolysis, aprotinin inhibits thrombin-mediated
platelet aggregation, without inhibiting ADP-, collagen-, or epinephrine-mediated
platelet aggregation which is essential for formation of the hemostatic plug at wound
and suture sites during surgery (27). The anti-inflammatory effect of aprotinin has been
ascribed to an inhibition of platelet/neutrophil activation, decreased cytokine secretion,
inhibition of endothelial cell activation and inhibition of trans-endothelial neutrophil
and leukocyte migration (28). The platelet preserving and anti-inflammatory properties
of aprotinin may aid in not only reducing blood loss and transfusion requirements in OLT,
but also in decreasing inflammation after ischemia/reperfusion injury and transfusion.
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The withdrawal of aprotinin, following concerns for an increased risk for thromboembolic complications and renal dysfunction, has been heavily debated (29-31). Several meta-analyses and a large Cochrane review have found no increased mortality or
thromboembolic complications associated with aprotinin in patients undergoing major
surgery and OLT (22,25,30,32). Currently the ban on aprotinin has been lifted by Health
Canada and by the European Commission, but only for the indication of cardiopulmonary bypass graft surgery in high risk adult patients in centers that will participate in an
aprotinin registry (31). The Nordic Pharma Group, which has acquired the worldwide
rights (with the exception of the Unites States) of aprotinin in 2012 from Bayer, is
expected to re-launch aprotinin in the European Union in January of 2016. The results
of the current study justify a reconsideration of the use of aprotinin in liver transplant
recipients.
In conclusion, RBC transfusion during OLT has significantly increased after market
withdrawal of aprotinin and this study identified ‘no use of aprotinin’ as a risk factor
for RBC transfusion. This study underlines the potential of antifibrinolytic therapy
in decreasing blood loss and transfusion requirements during OLT. Considering the
promising results of antifibrinolytic therapy in the past in patients undergoing OLT, and
the absence of evidence for increased thromboembolic complications and renal dysfunction, (prophylactic) antifibrinolytic therapy during OLT in selected patients with no
established risk factors for thromboembolic complications remains justified. Now that
aprotinin will become available again for patients undergoing complex cardiothoracic
surgery, it deserves reconsideration in patients undergoing OLT.
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ABSTRACT
Background: In patients with cirrhosis, the synthesis of coagulation factors can fall
short, reflected by a prolonged prothrombin time. Although anticoagulants factors
are decreased as well, blood loss during orthotopic liver transplantation can still be
excessive. Blood loss during orthotopic liver transplantation is currently managed by
transfusion of red blood cell concentrates, platelet concentrates, fresh frozen plasma,
and fibrinogen concentrate. Transfusion of these products may paradoxically result in
an increased bleeding tendency due to aggravated portal hypertension. The hemostatic
effect of these products may therefore be overshadowed by bleeding complications due
to volume overload. In contrast to these transfusion products, prothrombin complex
concentrate is a low-volume highly purified concentrate, containing the four vitamin
K dependent coagulation factors. Previous studies have suggested that administration
of prothrombin complex concentrate is an effective method to normalize a prolonged
prothrombin time in patients with liver cirrhosis. We aim to investigate whether the
pre-operative administration of prothrombin complex concentrate in patients undergoing liver transplantation for end-stage liver cirrhosis, is a safe and effective method to
reduce perioperative blood loss and transfusion requirements.
Methods/Design: This is a double blind, multicenter, placebo-controlled randomized
trial. Cirrhotic patients with a prolonged INR (≥1.5) undergoing liver transplantation will
be randomized between placebo or prothrombin complex concentrate administration
prior to surgery. Demographic, surgical and transfusion data will be recorded. The primary outcome of this study is RBC transfusion requirements.
Discussion: Patients with advanced cirrhosis have reduced plasma levels of both proand anticoagulant coagulation proteins. Prothrombin complex concentrate is a lowvolume plasma product that contains both procoagulant and anticoagulant proteins
and transfusion will not affect the volume status prior to the surgical procedure. We
hypothesize that administration of prothrombin complex concentrate will result in a
reduction of perioperative blood loss and transfusion requirements. Theoretically, the
administration of prothrombin complex concentrate may be associated with a higher
risk of thromboembolic complications. Therefore, thromboembolic complications are
an important secondary endpoint and the occurrence of this type of complication will
be closely monitored during the study.
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BACKGROUND
The liver is the site of synthesis of a large part of the proteins involved in the hemostatic
system. When the function of the liver is reduced due to acute or chronic liver disease,
the hemostatic system can be heavily affected. In patients with cirrhosis, both procoagulant and anticoagulant hemostatic changes have been described, leading to a new
rebalanced state (1). First of all, in the primary hemostasis, platelet number and function
can be significantly affected, mostly due to impaired production of thrombopoietin
by the liver, reduced platelet survival and increased platelet consumption (2-4). The
defects in platelet function however, can be compensated by the elevated levels of Von
Willebrand factor (VWF), an important endothelial-derived platelet adhesion protein
(5,6). Secondly, there is a decrease in coagulation factors synthesized by the liver. In
particular the levels of vitamin K dependent coagulation factors II, VII, IX and X correlate
negatively with the severity of disease (7). However, not only levels of pro-coagulant
proteins are decreased in liver disease, the liver also synthesizes coagulation inhibitors
and both pro- and anti-fibrinolytic proteins, which are also affected. E.g., plasma levels
of vitamin K dependent anti coagulation proteins C and S are decreased (8). Additionally, in chronic liver disease, a hyperfibrinolytic status has been described (9), although
not all studies agree (10). This hyperfibrinolytic status may be due to decreased plasma
levels of antiplasmin and thrombin-activatable fibrinolysis inhibitor, and to a dysbalance
in tissue-type plasminogen activator and its inhibitor plasminogen activator inhibitor
type 1 (11). Furthermore, laboratory features of fibrinolysis include increased levels of
markers of fibrinolytic activity such as D-dimers, but it must be noted that increased
levels of these products may also be caused by accumulation as a result of decreased
clearance (10).
Although the defects in coagulation factors would suggest that there is a bleeding tendency, both thrombotic events as well as bleeding complications may occur in patients
with advanced liver disease. This might be explained by the fact that, although there is a
rebalanced state, both procoagulant and anticoagulant proteins are decreased. The new
rebalanced hemostasis is more precarious and susceptible for decompensation towards
hypo- or hypercoagulability by factors such as infection, surgery, blood loss, transfusion,
hypothermia etc. Furthermore, the bleeding tendency in chronic liver disease patients
is much less predictable than in patients with a congenital defect in their coagulation
system, e.g. hemophilia (1).
Laboratory tests in chronic liver disease, such as the prothrombin time (PT) and the
international normalized ratio (INR), often suggest a hypocoagulable state. However,
these tests do not represent the newly formed balance between pro- and anticoagulant
proteins, since these tests are not sensitive for deficiencies of the anticoagulant proteins
(12). In contrast with the findings of these routine laboratory tests, the coagulation
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potential in cirrhotic patients appears to be normal or even superior to that of healthy
individuals when tested by thrombin generation assays (13-15).
Orthotopic liver transplantation (OLT) is a major hemostatic challenge, which often
requires transfusion of blood products. In the past decades blood loss during OLT has
gradually decreased despite the fact that the conventional laboratory measurements
like PT and INR still indicate hypocoagulability. It is unclear whether the prolonged
PT and INR should be left out of consideration since studies have demonstrated that
these measurements do not predict blood loss and transfusion requirements during
OLT (16-18). Furthermore thrombin generation assays during OLT, similar to thrombin
generation assays in cirrhotic patients, indicate a normal to hypercoagulable status
(19). Nevertheless, excessive blood loss during OLT does still occur and transfusion of
blood products during liver transplantation is associated with a higher risk of mortality,
postoperative multi organ dysfunction, and reduced graft survival (20-22).
Clinical strategies to reduce blood loss include the use of blood products to correct
pre-existing coagulopathy (assessed by prolonged PT and high INR) by transfusion of
fresh frozen plasma (FFP), platelet concentrate, cryoprecipitate or fibrinogen, or antifibrinolytic agents to correct hyperfibrinolysis that may occur during the procedure. A
major disadvantage of transfusion of blood products such as FFP is volume overload. To
correct a prolonged PT, several units of FFP are needed, which will result in an increase
in central venous and portal (splanchnic) venous blood pressure, which may in fact increase the bleeding risk. Especially in patients with cirrhosis, who already have a relative
fluid overload and increased splanchnic venous circulating volume, intravenous fluid
administration will result in an increase in splanchnic venous pressure (23). Portal and
splanchnic hypertension are important risk factors for blood loss during OLT and several
authors advocate not correcting pre-operative routine coagulation test by infusion of
large volumes of FFP, maintaining a low venous pressure by fluid restriction, or even
phlebotomy to prevent excessive blood loss during OLT (24-28).
Prothrombin complex concentrates (PCC) are hemostatically active highly purified
concentrates, prepared from pooled plasma (29). They contain four vitamin K-dependent
clotting factors (F) II, VII, IX and X (30). Previous studies have suggested that administration of PCC is an effective method to normalize a prolonged PT in patients with liver
cirrhosis (31-33). A major advantage of PCC is their low volume load. In contrast to FFP,
administration of PCC is not associated with a fluid challenge and the subsequent risk
of further increasing portal and systemic venous blood pressure. The question arises
whether the administration of a low volume prohemostatic product such as PCC, prior
to an invasive procedure in a patient with liver disease, is helpful in reducing blood loss.
PCCs may be related with an increased risk of thromboembolic complications, including venous thromboembolism, acute myocardial infarction, and disseminated intravascular coagulation (34,35). The link between these reported thromboembolic events
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and PCC infusion has, however, often been brought into question (30). Recently, PCC
was also proposed for the management of massive peri- and postoperative bleeding
(30,36-40). In some of these reports additional administration of PCC seemed to reduce
blood loss and mortality in patients suffering from massive bleeding, either treated with
vitamin K antagonists or not. Furthermore, no thromboembolic events were reported.
Composition of the currently and previously marketed PCC formulations differs and the
thrombotic risk presumably depends on the composition of the product. The thrombotic
risk of recently introduced formulations is incompletely evaluated. A review summarizing several aspects of PCC including safety, concludes that thromboembolic events are
rare and several recent case series have shown that high PCC doses (40 IU/kg) are safe
even in high risk patients (41,42).
Cofact® (Sanquin Blood Supply Foundation, The Netherlands) contains balanced
amounts of prothrombin complex factors, low levels of activated coagulation factors and a substantial amount of anticoagulant proteins C and S and antithrombin.
Both products do not contain heparin. In 1973, Sanquin started with the large-scale
production of its first generation of PCC. Since then, no thromboembolic events have
been reported. In addition, the manufacturing of this plasma derived product contains 2
robust virus removal steps. The current indication for PCC is bleeding and perioperative
prophylaxis of bleeding in acquired or congenital deficiency of (one of ) the four vitamin
K-dependent clotting factors. This includes the treatment of deficiencies of the four
vitamin-K dependent-clotting factors in liver disease.
The ability of PCC to successfully reduce transfusion requirements in liver transplantation has not been established yet. The aim of this trial is to evaluate the hemostatic efficacy and safety of preoperative Cofact® administration (during induction of anesthesia)
on the initial requirement of hemostatic products during surgery in cirrhotic patients
with severe coagulopathy undergoing a first liver transplantation.
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METHODS/DESIGN
Design and objectives
The study is designed as a multicenter, double blind, randomized placebo-controlled
trial. The study is investigator-initiated.
The primary objective is to study the hemostatic efficacy of preoperative PCC administration in patients with cirrhosis and severe coagulopathy undergoing liver transplantation. The hemostatic efficacy will be primarily monitored by recording the need for RBC
transfusion.
The secondary objective is to study the hemostatic safety of preoperative PCC administration in patients with cirrhosis undergoing liver transplantation. The hemostatic
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safety will be monitored by adverse event surveillance and laboratory measurements,
with a special focus on thrombogenicity.
All study procedures during this study are summarized in Table 1.

Investigational medicinal product (IMP)
The study drug is PCC (Cofact®, Sanquin, The Netherlands) and the placebo is NaCl 0.9%.
The known and potential risks of PCC are described in the summary of product characteristics (SPC). In this population, the theoretical risk for thromboembolic complications
is a special point of care.

Endpoints
The primary endpoint will be the number of RBC units transfused during the OLT procedure and in the 24 hour post-surgery period, starting from arrival at the intensive care
unit. Other efficacy endpoints are (measured during surgery and during the 24-hour
period post-surgery):
• the number of transfused units of fresh-frozen plasma
• the number of transfused units of platelet concentrate
• fibrinogen concentrate administration
• estimated blood loss
• antifibrinolytic drugs used
• crystalloids or colloids administered
• other escape medication used
• estimated ascites loss
Safety is a secondary endpoint, safety parameters recorded are:
• all (Serious) Adverse Events with special focus on thromboembolic events
• general and liver-specific laboratory parameters
• lowest pH, Ca++, lactate, temperature (during and within the first 24h after surgery)
• troponin levels, ECG and hepatic vessel ultrasound results

Participating Centers
Two Dutch medical universities are participating in this trial:
• University Medical Center Groningen (UMCG)
• Erasmus Medical Center Rotterdam (EMC Rotterdam)
Two Belgian medical universities are participating in this trial:
• University Hospital Leuven (KULeuven)
• Hospital Erasmus Brussels
One Finish hospital is participating in this trial:
• Hospital District of Helsinki and Uusimaa (HUS Helsinki)
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Study subjects
Adult patients on the waiting list for liver transplantation because of cirrhotic liver
disease and a prolonged INR (≥1.5) will be asked for informed consent. Inclusion and
exclusion criteria are summarized in Table 2. Upon admission in the participating center
for OLT, the inclusion and exclusion criteria and the informed consent will be doublechecked. Patient with co-morbidities or a medical history that increases the risk for
bleeding or thrombotic events during and after OLT will be excluded from participation.
All patient characteristics, including demographic data, medical history and type of liver
disease will be recorded. Participating patients will be monitored in a follow up of 30
days after inclusion.
Table 2. Inclusion and exclusion criteria
Inclusion criteria

Exclusion criteria

Age ≥18 years

Previous liver transplantation

Eligible for OLT

Split liver transplantation

INR ≥1.5

Heterotopic liver transplantation

Written informed consent

Scheduled multiorgan transplantation
Scheduled living-donor transplantation
Renal insufficiency requiring dialysis
Documented congenital coagulation disorders
Documented history or presence of arterial or venous
thrombosis
Treatment with vitamin K antagonists
TIPS (transjugular intrahepatic portosystemic shunt)
Fulminant hepatic failure
Documented coronary artery disease
Documented thrombophilia

Randomization and blinding
The surgical and anesthesiological team must remain blinded for the intervention during the entire duration of the trial. Randomization will be performed using a randomization website. We will stratify per center, and for patient age and gender. Randomization
and preparation of the Investigational Medical Product (IMP), whether this is PCC or
placebo, will be performed by an independent employee who is not involved in this
trial, in the OLT or in post-operative care. The IMP will be delivered in a blinded syringe
to the anesthesiologist and administered by the anesthesiologist.

114

PCC in the reduction of blood loss during OLT: proton-trial

Intervention and dosage
The IMP will be administered during induction of anesthesia, maximum 30 minutes
prior to incision. The IMP, whether this is PCC or placebo will be administered according
to the SPC of Cofact®/PPSB-D, intravenously and with a recommended infusion speed of
2 ml per minute. The dosage will be determined according to bodyweight, preoperative
INR and target INR (<1.5), as recommended in the SPC of Cofact® and as illustrated by
table 3. The same calculated dosage applies for the placebo.
Table 3. Dosing of PCC according to INR and bodyweight to reach an INR<1.5
Body
weight

Initial INR
4.8

4.2

3.6

3.3

3.0

2.8

2.6

2.5

2.3

2.2

2.0

1.8

>1.5

50 kg

60

50

50

50

40

40

30

30

30

30

30

20

20

60 kg

70

60

60

60

50

50

40

40

40

30

30

20

20

70 kg

80

70

70

70

60

60

50

40

40

40

30

30

20

80 kg

90

90

90

80

80

70

60

50

50

40

40

30

20

90 kg

100

90

90

90

80

80

70

60

50

40

40

30

20

100 kg

100

100

100

90

90

80

70

70

60

50

50

30

20

The dosages are calculated based on the factor IX concentration in PCC (the above
dosage refers to ml of PCC). Calculated amounts are rounded mathematically on multiples of 10 ml and an upper limit of 60 or 100 ml in total was set (Table 3). The target INR
values are recommended by the Federation of Dutch Thrombosis Services and are of the
same order as English and German recommendations.

7

Transfusion guidelines
The following guidelines have been established for homogenous transfusion policy in
all participating centers:
• Fresh frozen plasma: During surgery the use of fresh frozen plasma is allowed in case
of ongoing bleeding and hypocoagulability indicated by TEG or ROTEM as evaluated
by the responsible anesthesiologist. Type of FFP, number of units and volume will be
recorded in the case record form (CRF).
• RBC transfusions when hematocrit <25%: Adjustment can be performed at several
time points; the units given before surgery do not count for the endpoint calculations, only those given during and directly after surgery (within 24h of arrival at ICU)
count for determination of endpoint. Number of units and volume of transfusion will
be recorded in the CRF.
• Phlebotomy when hematocrit >30%: If the hematocrit post-operatively remains persistently elevated above 30, a phlebotomy will be performed to lower the hematocrit
if the patient is stable and does not have an active bleeding.
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•

•
•

•

•
•

•

Platelet concentrate: Administration is permitted when platelet counts fall below
50,000/mm3 and in the presence of ongoing blood loss or if it is found necessary e.g.
to prevent bleeding during OLT. Type, units and volume of platelet concentrate will
be recorded in the CRF.
Fibrinogen concentrate: Administration is permitted when fibrinogen levels are < 1.0
g/L in the presence of ongoing blood loss. => Transfuse 30 mg/kg.
Tranexamic acid: During the procedure TEG of ROTEM will be used to evaluate fibrinolytic potential during the procedure (see chapter 7.1.3 of the study protocol). Upon
detection of hyperfibrinolysis on the TEG or ROTEM device in presence of ongoing
bleeding due to presumed coagulopathy, a bolus of 1 gram tranexamic acid will be
given. The bolus can be repeated in case of insufficient effect on TEG/ROTEM and
clinical picture. Other transfusion products will be given according to the standard
procedures at the individual liver transplantation centers.
Topical hemostatic agents: Whenever clinically indicated topical administration of
hemostatic drugs/agents (e.g. collagen) is allowed (recorded as concomitant medication).
Cell savers: During the course of this trial, no cell savers will be used by participating
patients.
Escape medication: In case of a critical bleeding (by clinical judgment) during the
liver transplantation procedure, treatment can be initiated in accordance with hospital guidelines and procedures e.g. antifibrinolytic drugs at habitual doses. All data on
critical bleeding episodes should be reported as a serious adverse event. Type and
amount of the escape medication and the justification will be recorded in the CRF.
Enoxaparin or other low molecular weight heparin (LMWH): LMWH will be administered postoperatively as usual for deep venous thrombosis prophylaxis. Dosing will
be according to routine local practice.

Thromboelastography (TEG)
During the surgical procedure the transfusion will be guided by TEG of ROTEM (Rotational Elastometry). TEG/ROTEM has to be performed at least twice during the surgical
procedure:
•
15 minutes after start anhepatic phase
•
30 minutes after start reperfusion phase

Parameters during surgery
The following data will be recorded for participating patients:
•
Donor characteristics
•
Recipient characteristics
•
Liver transplantation technique (conventional versus piggy-back)
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Use of veno-venous bypass
Data on timing (cold-ischemia time, warm-ischemia time, duration anhepatic
phase etc)
•
Abnormalities and technical difficulties including heavy blood loss due to diffuse oozing or accidental vascular injury
•
Ascites upon opening abdomen
•
Lowest PH, Ca2+, lactate, temperature (during and within the first 24 hours of
surgery)
•
Transfusion requirements (during and within the first 24 hours of surgery)
•
Medication (during and within the first 24 hours of surgery)
•
Colloid/crystalloid/albumin/gelatine infusion (during and within the first 24
hours of surgery)
•
•

Laboratory parameters
• Prior to the OLT, an INR measurement will be performed to check if the patient still
meets the inclusion criteria. After administration of the IMP, no routine INR measurements will be performed by the anesthesiologist during the course of surgery, since
measuring the INR will likely unblind the anesthesiologist for the intervention.
• A blinded INR measurement will be performed (see section ‘Additional Study Procedures’) by an independent assistant 30 minutes after administration of the intervention and will only be available for an independent researcher. These measurements
will be used during the interim analysis.
• Troponin levels are recorded just before and after surgery at ICU admission and the
day after surgery, and in case of a suspected event due to clinical symptoms or ECG
abnormalities during routine testing according to routine clinical practice.
• During OLT other laboratory and coagulation measurements (with the exception of
the PT) may be performed according to local practice.
• Post-operatively, laboratory measurements presented in Table 4 will be performed
from day 1-7 in the first week which is currently common practice in participating

7

Table 4. Laboratory parameters
Hemostasis

Hematology

Clinical Chemistry

Prothrombin Time

Hemoglobin

C-reactive protein

Lactate dehydrogenase

Activated Partial
Thromboplastin Time

Hematocrit

Glucose

Aspartate-aminotransferase

Creatinine

Alanine-aminotransferase

Fibrinogen

Platelets

Urea

Alkaline Phosphatase

International Normalized Ratio

Leucocytes

Sodium

Albumin

Potassium

Calcium

Gamma-glutamyltransferase
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centers. From the second week, these laboratory measurements are only obligatory
on day 14 and 30 (within a 24 hour timeframe).

Surgical and anesthesiological procedure
There is no change in surgical or anesthesiological procedure from the current practice
in participating centers.

Postoperative procedure
The patient will be followed postoperatively according to local practice:
• Low molecular weight heparin as prophylaxis for deep venous thrombosis.
• Daily laboratory measurements in the first week
• Ultrasound of the hepatic vessels within 24 hours of surgery, at day 3 and day 7
postoperative

Additional study procedures
The following additional procedures are included for the study subjects and are not part
of the local practice:
• Prior to intervention and after intervention viral safety blood samples will be collected
• During the OLT-procedure, 30-minutes after administration of the IMP, a blinded INR
measurement will be performed. The result of this measurement will be kept blinded
for the anesthesiology and surgical team but will be recorded by an independent
researcher. These results will be used during the interim analysis to investigate
whether the INR in the PCC-group reached a value below 1.5 or whether the dosages
of PCC need adjusting.
• Troponin levels are recorded just before and after surgery at ICU admission and the
day after surgery.
• At 12 time points an additional blood sample will be collected from the patient for
satellite studies on e.g. thrombin generation and fibrinolysis after completion of this
trial. See Table 5 for the time points.
• On day 3 and 7 physical examination is performed with special attention to clinical
venous thromboembolic events. In case of suspected deep venous thrombosis doppler ultrasonography and on suspicion of pulmonary embolism a CT-angiography
will be performed. If indeed a thrombotic complication occurs in the deep venous
system or in the pulmonary arterial circulation, therapy will be initiated according to
the local practice and with regards to the patient’s post-transplant status.
• A 12-lead electrocardiogram performed on the day of treatment prior to the intervention and product administration and 3 and 7 days post-surgery and on clinical
indication.
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Table 5. Time point of additional blood sample collection
Phase under study

Timing of blood sample collection

Baseline

1. upon admission for OLT

Intervention

2. prior to intervention, after induction of anesthesia
3. 30 minutes after intervention

Pre-anhepatic phase

4. 1 hour post-intervention
5. 2 hours post-intervention

Anhepatic phase

6. 15 minutes after start anhepatic phase

Reperfusion phase

7. 15 minutes after start reperfusion phase
8. end of surgery

Follow-up

9-12. postoperative days 1, 3, 5, and 11

Statistics
Sample size
Based on experience in the participating centers, it is assumed that cirrhotic patients
undergoing OLT have a mean transfusion requirement of 8 U RBC (SD=4 U). This data
was derived from a retrospective data analysis of transfusion requirements during OLT in
the UMCG over 2008-2011. The sample size of this trial was chosen to detect a reduction
of 2 units of RBCs with approximate 80% power. The following statistical formula for
sample size calculation was used to determine the sample size: N= 16σ² / d².
With an expected 10% withdrawal or loss of study subjects we concluded that 70
patients in each group are required to demonstrate a difference between placebo and
PCC administration.

7

Interim analysis
One interim analysis will be performed by the trial statistician after 70 patients (50% of
the sample size) have been included.
The Sponsor has chosen different boundaries for the different endpoints for the
interim analysis, giving more significance to early unfavorable trends than to early beneficial trends. These boundaries are more used as guidelines rather than absolute rules.
For the efficacy endpoint, the O’Brien-Fleming sequential boundary will be used to
correct for the instability of efficacy parameters at the beginning of the trial. For a total
number of 2 planned statistical analyses and one planned interim analysis a Z-value of
3 with a p of 0.0027 will be used to determine statistical significance during the interim
analysis. During the final analysis a Z-value of 2 and a p-value of 0.045 will be used to
determine statistical significance.
For the safety endpoints, we have chosen to use the Pocock sequential boundary,
dictating a Z-value of 2 and thus a p-value of 0.045 to determine statistical significance
in harm between the two groups during the interim analysis as well as the final analysis.
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Besides the efficacy and safety endpoint, during the interim analysis, sample size
assumptions will be monitored based on the transfusion requirements in the placebo
group and if needed the sample size will be adjusted. Also, results from the blinded INRmeasurements 30 minutes after intervention in de PCC-group will be used to determine
whether the PCC-dose sufficiently lowers the INR in this patients group of whether the
dose needs adjusting during the further conduct of the trial.
The trial may be stopped early due to one of the following situations:
• Unacceptable safety concerns: The analysis shows significant (serious) adverse
events in the treatment group compared to the placebo group.
• The results on the endpoint between treatment-group and placebo group are inconclusive and it is expected that no significance will be reached.
• The interim analysis shows a clear benefit in the treatment group compared to the
placebo group.
• In case new external information arises that convincingly answers the study question or raises serious safety issues.
Statistical analyses
Statistical analyses will be performed using the statistical software package SPSS 19.0
(SPSS Inc, Chicago, IL). Two-sided tests using the 5% critical level will be used throughout. The Mann-Whitney U test will be used to determine a significant difference in
transfusion needs between the 2 groups. Intergroup categorical data will be compared
using Chi-square or Fisher exact test. Intergroup continuous data will be analyzed with
parametric or non-parametric analysis methods depending on the presence/absence of
Gaussian distribution. If required, appropriate corrections for multiple comparisons will
be applied. Independent risk factors for bleeding diathesis and transfusion during OLT
will be identified using uni- and multivariate logistic regression analysis. All variables
that reached a p ≤ 0.05 in the univariate analysis will be included in the multivariate
linear regression analysis. P <0.05 will be considered statistically significant.

Labelling and storage of IMP
The study medication (both PCC and Placebo (0.9% NaCl)) will be prepared and labelled
as study medication for the PROTON trial conform GMP annex 13. The study medication
will be delivered and distributed freely by the Company to all participating centers.

Drug accountability
The local pharmacy in each participating center is responsible for the correct storage
and management of medication. All study medication (used, partially used and unused)
will be noted on the provided Drug Accountability Form. The vials with remaining content will be disposed after usage, a signed record of all used study medication will be
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retained for inspection by the Monitor after completion of the trial. No study medication
may be dispensed to any persons except to the subjects enrolled in the trial.

Additional burden and risk associated with trial participation
Since PCC contains procoagulant proteins, there is a theoretical risk of thromboembolic
complications associated with administration of this product.
PCC is manufactured from human plasma from living blood donors and thus the risk
for viral transmittable disease cannot fully be excluded. The risk for transmittance is
minimized by testing and screening the donor for past exposure to certain viruses. By
testing donors for the presence of certain current viral infection, and by inactivation
and elimination of certain viruses, the risk for transmission is further reduced. In this
trial, to monitor viral safety of the PCC product, pre-treatment and post-treatment blood
samples will be taken and stored until 1 year after the last patient is out of the trial.
There is a small risk for allergic or anaphylactic reaction to the study product PCC. In
case of such an event, treatment with PCC will be ceased immediately. A severe anaphylactic reaction can lead to shock and can be life threatening. There is expertise in every
participating center to manage and treat such an event.
The following additional procedures will be performed in patients participating in the
PROTON-trial:
• Prior to intervention, blood samples for viral safety check will be collected.
• The intervention during induction of anesthesia consisting of receiving an intravenous dose of placebo or PCC.
• An extra plasma sample (together with routine lab) taken from the patient during 12
time points in the trial with regards to patient safety.
• A blinded INR measurement will be performed 30 minutes after intervention.
• On day 3 and 7 physical examination will be performed with special attention to
clinical venous thromboembolic events.
• Additional electrocardiographic examination will be performed twice during the
trial.

7

Safety reporting
In accordance to section 10, subsection 1, of the WMO, the Investigator will inform the
subjects and the reviewing accredited medical ethics committee (MEC) if anything
occurs, on the basis of which it appears that the disadvantages of participation may
be significantly greater than was foreseen in the research proposal. The trial will be
suspended pending further review by the accredited MEC, except insofar as suspension
would jeopardize the subjects health. The Investigator will take care that all subjects are
kept informed.
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DSMB
To ensure the safeguarding of the included patients and the expected additional
burden with trial participation, a DSMB with independent experts has been installed.
The advice(s) of the DSMB will be provided on a regular basis after receipt, review and
analysis of the interim and final efficacy and safety data to the Sponsor and Investigators
and to the MEC that approved the protocol.
Withdrawal of individual subjects
Subjects and Investigator can decide to terminate participation in this trial at any time
for any reason, particular safety reasons, if they wish to do so without any consequences.
Premature termination of the trial
The trial will be terminated prematurely if we find a high rate of Serious Adverse Events
(SAE) in the PCC-group during the interim analysis, possibly liable to the study product.
(Serious-) adverse events and suspected unexpected serious adverse reactions (SUSAR)
All Adverse Events (AE) will be recorded in the CRF.
Since orthotopic liver transplantation is a surgical procedure with significant morbidity
and mortality, we will report SAE once every three months in line listing to all accredited
MEC and the DSMB. SAE resulting in death and suspected unexpected serious adverse
reactions (SUSAR) will be reported real time to the Sponsor. The Sponsor will notify all
accredited MEC, the DSMB and the Competent Authorities (CA) if necessary.
Annual safety report
In addition to the expedited reporting of SUSARs, the Sponsor will submit, once a year
throughout the clinical trial, a safety report to the accredited MEC, CA, Medicine Evaluation Board and CA of the concerned Member States.

Ethical considerations
This trial will be conducted according to the principles of the Declaration of Helsinki and
according to Good Clinical Practice (GCP) guidelines. The trial has been approved by the
Medical Ethical Committee (MEC) of the University Medical Center Groningen (UMCG)
for all Dutch participating centers. The trial has to be approved by the MEC of participating centers in other countries before those centers can start with the inclusions. Prior to
randomization, written informed consent has to be obtained from all participants.
All participating centers have an insurance policy for patients participating in this trial
in their centers, according to the legal requirements in their country and all centers are
required to inform the participating patients about the insurance policy.
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Data and material collection
All trial data will be anonymous collected in the CRF. Patient will be ascribed a unique
study number and a unique randomization number. Name, address and date of birth
will be stored separately from the trial data. Independent monitoring will be established
to ensure that this trial is conducted, recorded and reported in accordance with the
protocol and GCP. The Investigators, members of the Health Inspection and members of
the Medical Ethical Committee have access to personal data. With informed consent research data will be stored during 15 years. Human material will be stored non-traceable
for 15 years, when informed consent is obtained. We expect that the stored material will
be very valuable for future research.

DISCUSSION
Patients with end-stage liver disease have an abnormal hemostatic system which is
characterized by reduced plasma levels of both pro- and anticoagulant proteins. This
results in a hemostatic balance that is more fragile than in healthy persons, a phenomenon that has been described as the ‘rebalanced hemostatic system’ (1). This rebalanced,
yet more fragile, hemostatic system is compatible with the observed higher incidence
of bleeding as well as thromboembolic complications in patients with end-stage liver
disease. An additional factor that plays a critical role in the increased bleeding risk in
these patients is the presence of portal hypertension. Especially, when patients with cirrhosis require an abdominal surgery, the risk of bleeding during the procedure is related
to the increased pressure in the portal vein and the venous splanchnic circulation. Fluid
overload and sequestration of volume in the venous circulation may contribute to this
component of the increased bleeding tendency in patients with cirrhosis when undergoing surgery. Based on this knowledge a restrictive fluid infusion and blood product
transfusion policy has been propagated in these patients (25-28).
PCC is a low volume plasma product that contains high concentrations of both proand anticoagulant proteins. In contrast to the traditional infusion of FFP to stimulate
coagulation in cirrhotic patients, PCC does not add to the intravascular volume and
therefore may be, theoretically, more effective in reducing bleeding complications than
FFP infusion. The efficacy and safety of PCC in patients with liver cirrhosis requiring
major abdominal surgery, however, has never been demonstrated.
A potential side effect of PCC in patients with cirrhosis may be a higher risk of thromboembolic complications. Thromboembolic complications are not infrequent after
OLT and when thrombosis occurs in one of the hepatic vessels, this may lead to graft
loss. In addition, patients undergoing OLT are at increased risk of developing central
venous thromboembolic complications such as intracardiac thrombosis or pulmonary

7
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embolism (43). The PCC we are going to use in our study is commercially available
under the product name Cofact®. The efficacy and safety of Cofact® has been evaluated
in several clinical studies and so far there has been no indication of an increased risk
of tromboembolic events in participating patients (42, 44-46). However, most of these
trials have been conducted in patients using vitamin K antagonists. There has been no
trial reporting the use of Cofact® in cirrhotic patients. With regards to the nature of the
product, the disturbed hemostasis in cirrhotic patients and the hemostatic disturbances
caused by the OLT, we decided that thromboembolic complications will be an important
secondary and safety endpoint in this trial.
For our primary endpoint we have chosen the number of transfused units of RBC.
Blood loss will be registered as well, but should be considered as less stable parameter
as blood loss will be mixed with ongoing loss of ascites.
The dosage of PCC will be determined for each individual patient, based on preoperative bodyweight and INR. We will not try to subtract preexisting ascites from the
measured bodyweight as this will be hard to quantify preoperatively. Moreover, it can
be expected that a proportion of the PCC will be lost through diffusion into the ascites.
The current dosages of Cofact® are based on calculations used for the correction of a
prolonged INR in patients receiving vitamin K antagonist therapy. We do not know yet
whether the same dosing scheme can be used for patients with a prolonged INR due
to liver insufficiency. To confirm adequate dosing of PCC we will perform an interim
analysis of the INR measurements in stored plasma sampled taken in each patient 30
minutes after the administration of the trial medication. These INR measurements will
be performed by a central laboratory and data will be analyzed by an independent
researcher who is not involved in conduction of the study. The blinded INR measurements will be used to assess whether the dosing is sufficient or needs adjusting. No INR
measurements will be performed during OLT by the local teams.
During the conduction of this trial the surgical and anesthesiological team, treating
physicians, and all investigators have to remain blinded for the intervention. This raised a
few practical challenges which will be dealt with by a standardized procedure for preparation of the study medication. On-site training and instructions will be given to the local
investigators and teams to ensure adequate compliance with these procedures. One of
the challenges we have dealt with is that PCC has a light blue color when dissolved. This
blue color is visible when the product is in a syringe, but not when flushed through an
infusion line. To keep the local teams blinded for the medication group we have chosen
to wrap the syringes in aluminum foil before presenting them to the anesthesiologist.
Randomization and preparation of the study medication will be performed outside
the operating theatre by an independent assistant who is not further involved in the
patient’s care or in the conduct of this trial.
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Appendix I
Amendments to the study protocol of the PROTON-trial
Since the publication of the study protocol for the PROTON-study in BMC Surgery, the
following amendments have been made in the inclusion and exclusion criteria and
study procedures:
•
•

•
•
•
•
•
•

The term ‘cirrhotic patients’ has been changed into ‘patients with chronic liver disease’.
Prolonged INR is no longer an inclusion criterion. Adult patients undergoing liver
transplantation for chronic liver disease are eligible for participation in the study
regardless of INR.
TIPS is no longer an exclusion criterion.
Renal insufficiency requiring dialysis is no longer an exclusion criterion.
Previous liver transplantation is no longer an exclusion criterion.
The exclusion criterion ‘fulminant hepatic failure’ has been changed into ‘fulminant
hepatic failure without previous history of liver disease’.
Hypercoagulability on preoperative thromboelastography has been added as an
exclusion criterium.
Collection of plasma samples for the satellites studies is no longer required in all
centers. The following centers are participating in collection of these samples:
University Medical Center Groningen, Erasmus Medical Center Rotterdam, and University Hospital Leuven.
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ABSTRACT
Background: Bleeding during orthotopic liver transplantation (OLT) has been linked
to the coagulopathy of liver disease. However, there is increasing evidence that portal
hypertension plays a major role in the increased bleeding risk during OLT as well. We
aimed to investigate the association between preoperative serum levels of von Willebrand factor (VWF) and soluble CD163 (sCD163), which are established markers of
portal hypertension, and blood loss and transfusion requirements during OLT.
Methods: We measured levels of VWF and sCD163 in preoperative serum samples of 168
adult patients undergoing a primary OLT between 1998 and 2012. Data on blood loss
and red blood cell (RBC) transfusion requirements as well as the preoperative INR were
obtained from a prospectively maintained database.
Results: Preoperative serum levels of VWF and sCD163 correlated with the model of endstage liver disease (MELD) score (r=0.414, p<0.001 and r=0.382, p<0.001 respectively).
Patients with high VWF or sCD163 levels ( VWF and sCD163 levels above the median)
had a substantially increased risk to receive RBCs compared to patients with low VWF or
sCD163 serum levels (VWF and sCD163 levels below the median) (odds ratio 3.5 [95%
CI 1.7-7.0] and 2.3 [95% CI 1.1-4.5] respectively). Blood loss was highest in patients with
both high VWF or sCD163 levels and a high preoperative INR.
Conclusion: Elevated serum levels of markers of portal hypertension are associated
with increased blood loss and transfusion requirements during OLT and support the
notion that portal hypertension is an important contributor to perioperative blood loss.
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INTRODUCTION
Orthotopic liver transplantation (OLT) can be complicated with substantial perioperative
blood loss which frequently necessitates transfusion of blood products. As a result of
medical and technical advances, perioperative transfusion requirements have declined
substantially over time (1,2). Nevertheless, a substantial proportion of patients require
blood product transfusions, which are associated with significant side effects (3-6). We
have previously demonstrated a dose-dependent increase in post-operative mortality
as a consequence of blood product transfusion during OLT (3), which is in line with studies on other surgical procedures, notably cardiac surgery (5).
The perioperative transfusion requirements in patients with cirrhosis undergoing OLT
have historically been attributed to preoperative changes in the hemostatic system,
which further aggravate intraoperatively (7-10). Clinical and laboratory studies from the
last 15 years, however, have demonstrated that the hemostatic balance in patients with
cirrhosis and in patients during OLT is relatively well preserved, although routine indices
of hemostasis (platelet count, prothrombin time) suggest otherwise (11-13). In addition,
it has been demonstrated that such routine diagnostic tests fail to predict perioperative
blood loss (14).
Apart from the preexisting coagulopathy, portal hypertension has been implicated
as a contributor to perioperative blood loss during OLT (2,15). Multiple centers report
reductions in blood transfusion requirements when a restricted fluid infusion policy is
used, aimed at preventing venous congestion and aggravation of portal hypertension
(16,17). One center has taken this concept a step further and performs preoperative
phlebotomy in a proportion of patients to lower central venous pressure to prevent
excessive blood loss (18). Despite indirect clinical evidence, no studies providing direct
evidence for a role of portal hypertension in bleeding during OLT have to our knowledge
been performed. The difficulty in quantifying portal hypertension (e.g., by hepatic-venous pressure gradient (HVPG) measurements) is likely responsible for this lack of data.
Recently, it was shown that serum or plasma levels of von Willebrand factor (VWF)
and sCD163 correlate with HVPG and thus may be useful non-invasive markers for
portal hypertension (19-21). VWF is released from endothelial cells, whereas sCD163 is
the extracellular part of a transmembrane receptor specific for macrophages (including
Kupffer cells). It thus appears that VWF and sCD163 relate to portal hypertension via
distinct mechanisms. In this study we investigate the hypothesis that high preoperative
serum levels of VWF and sCD163 are associated with increased blood loss and transfusion requirements during OLT.
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METHODS
Patients
Since 1998, we prospectively collect serum samples from patients that are candidates for
OLT in the University Medical Center Groningen. Between 1996 and 2012, 833 patients
underwent OLT in our center. We excluded patients undergoing a retransplantation
(n=145), pediatric patients (defined as age<18 years at the time of OLT, n=301), and
patients undergoing OLT for acute liver failure (n=63). Of the remaining 325 patients,
serum samples taken within 3 months prior to OLT were available for 168 patients.

Ethics statement
This study was approved by the medical ethical committee of the University Medical
Center Groningen.

VWF and sCD163 analyses
We determined VWF antigen and sCD163 antigen levels with enzyme-linked immunosorbent assays (ELISA) using polyclonal antibodies to VWF (Dako, Glostrup, Denmark)
and monoclonal antibodies to sCD163 ( R&D system, Minneapolis, USA).

Demographic data
Patient charts were used to collect demographic data, type of liver disease, preoperative
INR, MELD score, and estimated blood loss (referred to as blood loss) and RBC transfusion requirements during OLT.

Statistical analyses
Data are presented as medians with interquartile range (IQR) or as numbers with percentages. The Pearson’s correlation coefficient was used to determine correlations between VWF, sCD163, the INR, blood loss, and transfusion requirements. We additionally
analyzed the relation between VWF-, sCD163-, and INR levels and blood loss/transfusion
requirements by defining high and low levels. For this, data were divided into categories
of patients with levels below and above the median. The Mann Whitney-U and the
Kruskal-Wallis test were used to determine differences in blood loss and transfusion
requirements between the different categories of VWF-, sCD163-, and INR levels, as appropriate. The risk for RBC transfusion for the different categories was determined using
the Fishers exact test and odds ratios were calculated with 95% confidence intervals
according to the approximation of Woolf. Analyses were performed using the statistical
software package SPSS/PC 22.0 (SPSS, Chicago, IL), and GraphPad Prism (San Diego, CA).
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RESULTS
Patient characteristics
Patient characteristics and data on surgical and transfusion variables are summarized in
Table 1.
Table 1. Patient characteristics
Patient population (n= 168)
Age (years)
Gender
Liver disease

52 (46-58)
Female

74 (44%)

Male

95 (56%)

Biliary

40 (24%)

Alcoholic

65 (38%)

Metabolic

20 (12%)

Cryptogenic

17 (10%)

Miscellaneous

27 (16%)

MELD-score

13 (9-20)

Duration of surgery (min)

609 (515-700)

Cold ischemia time (min)

464 (412-574)

Warm ischemia time (min)

46 (40-57)

Implantation
Donor type

Piggyback

144 (85%)

Conventional

24 (14%)

Donation after brain death

125 (74%)

Donation after circulatory death

31 (18%)

Domino

1 (0.6%)

Blood loss (ml)

3440 (1800-6725)

RBC transfusion (ml)

750 (0-2100)

FFP transfusion (ml)

0 (0-900)

Platelet transfusion (ml)

0

Transfusion free-OLT

51 (30 %)

8

Data are presented as medians with IQR or number with percentages. Total numbers may be less than 168,
representing missing data. MELD= model of end-stage liver disease; RBC= red blood cell; FFP= fresh frozen
plasma; OLT= orthotopic liver transplantation.

VWF and sCD163 levels
We measured levels of VWF and sCD163 in serum samples of 168 patients of whom a
serum sample taken within 3 months prior to OLT was available. The median VWF-level
was 37.5 µg/ml (IQR 23.6-58.9) and the median sCD163-level was 1330 ng/ml (IQR 7612189). There was a significant linear correlation between VWF- and sCD163-levels, and
both markers also correlated with the MELD score (Table 2).
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Table 2. Correlations between the various markers, EBL, and RBC transfusion
INR

VWF

sCD163

INR

__

__

__

VWF

0.281 ***

__

__

sCD163

0.282 ***

0.470 ***

__

Adjusted MELD score

0.686 ***

0.414 ***

0.382 ***

Numbers represent Pearson’s correlation-coefficient. * indicate statistical significance with p<0.05; ** indicate p≤0.01; *** indicate p≤0.001. EBL= estimated blood loss; RBC= red blood cell; INR= international
normalized ratio; VWF= von Willebrand factor; sCD163= soluble CD163; MELD= model of end-stage liver
disease.

Increased EBL and RBC transfusion in patients with high levels of VWF and
sCD163

















 









 





 


 




   

We analyzed blood loss and RBC transfusion requirements in patients with high or low
levels of VWF and sCD163 (defined as levels above or below the median values of our
cohort). Patients with high serum levels of VWF or sCD163 had significantly increased
blood loss and RBC transfusion requirements compared to patients with low levels of
these markers (Figure 1 and 2). In addition, patients with a high preoperative INR had
increased blood loss and RBC transfusion requirements (Figure 1 and 2).
When patients had a combination of a high INR and high VWF or sCD163 levels, blood
loss and RBC transfusion requirements were higher as compared to those patients with
a low INR and high VWF or sCD163 levels and vice versa (Table 3). Also, a combination

Figure 1. Blood loss in patients with low and high levels of VWF (ug/ml), sCD163 (ng/ml), and INR. ‘High’
represents values above the median; ‘low’ represents values below the median. Bars indicate medians, error
bars indicate IQR. P-values were calculated using the Mann Whitney-U test.
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Figure 2. RBC Transfusion requirements in patients with low and high levels of VWF (ug/ml) and sCD163
(ng/ml), and INR. ‘High’ represents values above the median; ‘low’ represents values below the median. Bars
indicate medians, error bars indicate IQR. P-values were calculated using the Mann Whitney-U test.

Table 3. Blood loss and RBC transfusion requirements in various categories of A. INR and VWF, B. INR and
sCD163, and C. VWF and sCD163
A
Low INR and low
VWF(n=44)

Low INR and high
VWF (n=22)

High INR and low
VWF (n=32)

High INR and
high VWF (n=49)

p-value

Blood loss (ml)

2000 (1050-3420)

3750 (2000-6000)

3500 (1525-5950)

5000 (2500-8615)

≤0.001

RBC transfusion (ml)

0 (0-750)

1000 (63-2437)

750 (0-2000)

1750 (500-2500)

≤0.001

B
Low INR and
Low INR and low high sCD163
(n=17)
sCD163 (n=49)
Blood loss (ml)

2000 (1200-3500) 3250 (1525-6137)

RBC transfusion (ml) 0 (0-750)

1000 (0-2250)

High INR and
low sCD163
(n=30)

High INR and
high sCD163
(n=51)

8

p-value

4500 (1500-10480) 4500 (2350-7300) 0.001
1250 (500-2375)

1500 (500-2500)

High VWF and
low sCD163
(n=30)

High VWF and
high sCD163
(n=51)

≤0.001

C

Blood loss (ml)

Low VWF and
low sCD163
(n=49)

Low VWF and
high sCD163
(n=17)

2000(1200-4000)

3500 (1650-6500)

4500 (1850-10480) 5000 (2500-8750) ≤0.001

1250 (0-2250)

1250 (500-2757)

RBC transfusion (ml) 250 (0-775)

1625 (500-2688)

p-value
≤0.001

Data are presented as medians with IQR. ‘High’ represents values above the median; ‘low’ represents values
below the median. Total number (n) is less than 168, as a result of missing data. P-values were calculated using the Kruskal-Wallis test. RBC= red blood cell; INR= international normalized ratio; VWF= von Willebrand
factor; sCD163= soluble CD163.
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of high VWF and high sCD163 levels was associated with increased blood loss and RBC
transfusion requirements as compared to low levels of either or both VWF and sCD163.

More transfusion free-OLT in patients with low levels of VWF and sCD163
The proportion of patients undergoing OLT without the requirement for RBC transfusion
was 43% in the patients with low levels of VWF compared to 18% in the group of patients
with high levels of VWF. This translates to a more than 3-fold increased risk of receiving
RBCs in patients with high preoperative VWF levels (odds ratio 3.4 (95% CI 1.7-7.0)). The
proportion of patients that did not require RBC transfusion was 39% for patients with
low preoperative levels of sCD163 versus 22% in those with high sCD163 levels (odds
ratio 2.3 (95% CI 1.1-4.5)). Patients with a low preoperative INR were also more likely not
to require RBC transfusion compared to those with high preoperative INR levels (44 vs
22%, odds ratio 2.8 (95% CI 1.4-5.8)).

DISCUSSION
Our data show that patients with high preoperative levels of VWF and sCD163, which
are established makers for portal hypertension, have a significantly higher risk for RBC
transfusion, experience more blood loss, and require more RBC transfusion compared to
patients with low values of these markers. High preoperative INR values and a combination of a high INR and high levels of VWF or sCD163 also constitute an increased risk for
bleeding and RBC transfusion. Thus, perioperative blood loss appears be dependent on a
combination of severity of liver dysfunction or derangement in hemostasis (as indicated
by the INR), and portal hypertension (assessed by serum levels of VWF and sCD163).
Although portal hypertension is increasingly considered a prime determinant of blood
loss during OLT, this study is to our knowledge the first to provide direct evidence for this
assumption. In addition, the results of our study suggest an interaction between portal
hypertension and the extent of liver synthetic dysfunction in determining bleeding risk.
Although serum levels of VWF and sCD163 correlated moderately well, blood loss
was clearly higher in those patients with elevated levels of both markers compared to
patients with elevated levels of only one of the two. As VWF and sCD163 assess distinct
consequences of portal hypertension (i.e., activation of endothelial cells and Kupffer
cells, respectively), it may be that the combination of these two markers is a better
predictor of the extent of portal hypertension than the levels of either one.
Whether the association between INR and blood loss in our study indicates a role for
preexisting coagulopathy in bleeding during OLT is uncertain. The INR represents the
deficiency in procoagulant proteins in cirrhosis and does not reflect the net hemostatic
balance in cirrhosis (22). We have previously demonstrated intact hemostatic capacity
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in samples taken at various time points during OLT despite profound prolongations in
the INR, which we explained by a concomitant decline in pro- and anticoagulants (11). It
thus appears more plausible that the relation between preoperative INR and blood loss
reflects severity of disease. Nevertheless, we cannot exclude that, although the patients
with elevated INR remain in hemostatic balance, those patients are more susceptible
to bleeding as the hemostatic balance is less stable due to severe deficiencies in both
pro- and anticoagulant proteins. It may be that improvement of the hemostatic status
by infusion of low volume prohemostatics, such as prothrombin complex concentrates,
helps in further reducing perioperative blood loss. Such low volume products lack the
increase in portal hypertension associated with infusion of FFP. A clinical trial assessing
the efficacy of prothrombin complex concentrate in reducing transfusion requirements
is currently ongoing (23).
A limitation of our study is that the serum samples used have been collected without
a strict timing protocol. We studied samples that were taken anywhere from 0 up to 30
days prior to OLT, and assumed levels of VWF and sCD163 in these samples to reflect the
extent of portal hypertension at the time of surgery. Additionally, we did not directly
relate our serum markers of portal hypertension to clinical markers of portal hypertension or to direct measures such as HVPGs as this data was not available.
In conclusion, we have shown increased blood loss and transfusion requirements
during OLT in patients with elevated levels of established markers of portal hypertension. These results provide evidence for the contribution of portal hypertension in the
increased bleeding risk in cirrhotic patients undergoing OLT and support a restrictive
transfusion policy and perioperative interventions that decrease or prevent further aggravation of portal hypertension.
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ABSTRACT
Traditionally, perioperative bleeding complications were a major concern during orthotopic liver transplantation, but a tremendous decline in transfusion requirements has
been reported over the last decade. In recent years, there has been increasing awareness
towards perioperative thrombotic complications, including liver vessel thrombosis, and
systemic venous and arterial thromboembolic events. Whereas a number of these thrombotic complications were previously categorized as surgical complications, increasing
clinical and laboratory evidence suggest a role for the hemostatic system in thrombotic
complications occurring during and after transplantation. High levels of the platelet
adhesive protein von Willebrand factor with low levels of its regulator ADAMTS13, an
increased potential to generate thrombin, and temporary hypofibrinolysis are all indicative of increased hemostatic potential after transplantation. Clinical evidence for a role
of the hemostatic system in post-operative thromboses includes a higher thrombotic
risk in patients with various acquired thrombotic risk factors. Although data on efficacy
of anticoagulant therapy after liver transplantation are scarce, one study has shown
a significant decrease in the risk for late hepatic artery thrombosis by antithrombotic
therapy with aspirin. These findings suggest that antihemostatic therapy in prevention or treatment of thromboembolic complications after liver transplantation may be
relevant. Studies on efficacy and safety of these interventions are required as many of
the thrombotic complications have a pronounced negative impact on graft and patient
survival.
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INTRODUCTION
Since the first orthotopic liver transplantation (OLT) performed in the 1960s, improvements in surgical and anesthesiological techniques, pre- and post-operative management, and an increase in the donor pool have made OLT to a routine surgical procedure.
However, historical bleeding was one of the major challenges during the procedure
(1), nowadays more and more centers report transfusion-free liver transplant surgery
(2). Massive bleeding complications during OLT still occur in some cases and remain
a topic of concern. However, there is also increasing awareness towards perioperative
thrombotic complications, which in cases may have a fatal outcome.
Traditionally, the liver transplant recipient was considered to be in a hypocoagulable
state, as evidenced by abnormalities in routine hemostatic tests such as the platelet
count, prothrombin time (PT), and activated partial thromboplastin time (APTT), and
by massive perioperative transfusion requirements. However, the concept of the liver
transplant recipient being hypocoagulable does not correspond to the current clinical
observations of transfusion-free liver transplant procedures and an elevated risk of
various thrombotic complications. Furthermore, the concept of ‘rebalanced hemostasis’
in patients with cirrhotic liver disease, which assumes that the ‘average’ patient with cirrhosis is in a new, yet relatively unstable, hemostatic balance because of a concomitant
decrease in both pro- and antihemostatic pathways, is increasingly appreciated (3, 4).
Although previously some of the thrombotic complications of liver transplant surgery
have been attributed to surgical causes only, it may be that uncontrolled activation of
the hemostatic system also contributes to the thrombotic risk, although this has been
scarcely studied.
In this review we will summarize clinical and laboratory findings that, in our opinion,
support the hypothesis of a hypercoagulable status in the liver transplant recipient
which may contribute to perioperative and, early- and long-term, postoperative thrombotic complications. Furthermore, possible implications of these new insights for anticoagulant management will be discussed.

9

THROMBOTIC COMPLICATIONS AFTER OLT
Thrombotic complications occurring after OLT can be divided into local hepatic vessel
thrombosis and systemic thrombotic complications.
Hepatic vessel thrombosis occurring in approximately 7% of patients undergoing OLT
(5), poses a threat to both patient and graft survival. The incidence of hepatic artery
thrombosis (HAT) is approximately 5%, although the risk in pediatric patients is much
higher (5, 6). Portal vein thrombosis (PVT) complicates around 2% of OLTs. HAT may
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occur early (within 2–3 months) after transplantation, but may also occur years after
the procedure. Early HAT may result in necrosis of the bile ducts and eventually graft
loss if arterial flow is not restored in time. In comparison with early HAT, late HAT might
not be life threatening or even have clinical consequences because of the formation of
collateral arterial circulation prior to total obstruction. HAT is traditionally believed to
be primarily of surgical origin. Indeed, technical imperfections at the anastomotic site,
kinking of the artery, prolonged clamping of the hepatic artery, or the use of an arterial
conduit increase the risk for HAT (7, 8). Nevertheless, there is increasing data suggesting
that changes in the hemostatic system may contribute to the development of HAT as
well, as will be outlined below.
The risk of PVT after OLT is related to technical difficulties during surgery, prior PVT, a
pediatric recipient, splenectomy, the use of venous conduits, and small portal vein size
(5, 9). Unlike HAT, which rarely occurs prior to transplantation, PVT is frequently seen in
cirrhotic patients, with the risk of PVT increasing with the severity of the disease. Early
PVT occurs in 1–2% of transplanted patients and causes acute clinical deterioration because of ischemia, ascites and increased portal vein pressure (10). Early PVT is associated
with an increased mortality compared with OLT recipients who do not develop a PVT (5,
11). The risk of early PVT is increased (~3%) in patients who already had a PVT prior to
OLT (5). In case of a late PVT, which occurs in ~1% of patients or in patients with a more
slowly advancing stenosis of the portal vein, the symptoms can be mild.
Systemic thrombotic complications may occur in the perioperative period, but also
years after transplantation. Intraoperatively, acute intra-cardiac thrombosis or pulmonary embolism (PE) may occur, with an estimated incidence of around 1–2% (12–14).
These complications are potentially fatal and appear to be more frequent in liver transplant recipients than in other surgical patients (13). In the immediate post-operative
period, vena cava thrombosis occurs in approximately 0.4% of the recipients, and deep
venous thrombosis in ~3% of patients (14).
Over time, the survival of liver transplant recipients has greatly improved with a current 5-year survival rate up to 82% depending on the indication (15, 16). As an increasing
proportion of patients have excellent long term survival, long-term complications are
becoming increasingly important. Besides immunosuppression related malignancies,
vascular complications significantly contribute to morbidity and mortality in the liver
transplant recipient. Vascular diseases account for 21–50% of the mortality seen in patients surviving more than 5 years after transplantation, with the incidence of death as a
result of vascular disease increasing over time (15, 17–19). Borg and colleagues followed
311 patients surviving the first year after OLT (15). Of the patients that died during followup, 21% died as a direct consequence of vascular disease. The most frequent vascular
diseases were myocardial (infarction, angina, sudden death, heart failure) or cerebral
(transient ischemic attack and ischemic or hemorrhagic events). In a prospective study
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of OLT-recipients surviving the first year after transplantation, Abbasoglu and colleagues
found that 45% of the patients that died during follow-up died from cardiovascular disease or cerebral vascular accidents (17). Rabkin and colleagues retrospectively reviewed
OLT-recipients surviving at least 1 year after OLT (18). They found that 17% of the longterm mortality was because of cardiovascular disease (myocardial infarction and aortic
aneurysm rupture). A recent meta-analysis of observational studies showed a 10-year
incidence of cardiovascular events of 14%, which was 64% higher as compared with the
general population. In particular, patients transplanted for non-alcoholic steatohepatitis
appeared to be at risk for cardiovascular events (20). This finding has been replicated in
a recent single center study (21).
Vascular events, including myocardial infarction, acute coronary syndrome, cerebrovascular accidents, and peripheral vascular occlusion, occur in approximately 7%
of patients and fatal vascular events in around 3.5% of patients surviving the first year
post-transplantation (15, 18).

LABORATORY EVIDENCE FOR HYPERCOAGULABILITY DURING AND AFTER
OLT
In recent years, it has become well established that the hemostatic system in patients
with cirrhosis is in a rebalanced status as a result of a concomitant reduction in pro- and
antihemostatic systems (3, 22–24). However, the hemostatic balance in patients with
cirrhosis is much more fragile compared to individuals with an intact hemostatic system.
Laboratory studies have shown that additional changes in the hemostatic system occur
during OLT, the nature and relevance of which will be discussed below. After OLT it is
presumed that the hemostatic system normalizes as liver synthetic function is restored,
reflected by normalization of PT/INR values. Whether complete normalization occurs or
whether clinically relevant differences compared with healthy individuals remain (for
example because of immunosuppressive use) has been poorly studied.
In patients with cirrhosis the primary hemostatic system is frequently altered by
thrombocytopenia. In addition, platelet function defects have been described (25), but
modern platelet function tests, in which platelet function is tested in flowing blood, fail
to identify these functional defects (26, 27). The thrombocytopenia of cirrhosis is balanced in part by highly elevated levels of the platelet adhesive protein Von Willebrand
factor (VWF), although the functional capacity of this protein is somewhat compromised
(28).
During surgery, hemodilution and platelet consumption as a result of hemostatic processes can cause a further decrease in platelet count. Platelet counts may also remain
relatively stable even in the absence of platelet transfusion (29). During and up to 10
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days after OLT, VWF levels remain substantially elevated (30). Interestingly, the functional
capacity of VWF increases during the procedure, which is probably the result of release
of VWF from endothelial cells as a result of activation of these cells by inflammatory
processes and surgical stress. In addition, plasma levels of the VWF cleaving protease
ADAMTS13 decrease during transplantation, resulting in a profound dysbalance in the
VWF/ADAMTS13 ratio, which has been linked to thrombotic risk in different disease
states such as sepsis and myocardial infarction (31, 32). Using a platelet function test in
flowing blood, we demonstrated an enhanced capacity of plasma from patients taken
during and after OLT to support platelet adhesion, which is likely linked to this profound
VWF/ADAMTS13 imbalance (30). In addition, we have provided evidence that the platelet itself remains functional during and after OLT (33). Given the thrombotic phenotype
associated with isolated ADAMTS13 deficiency or elevated levels of VWF, we hypothesize that the preserved platelet function, in combination with the prothrombotic VWF/
ADAMTS13 imbalance results in a normal or even supranormal functional status of the
primary hemostatic system. We hypothesize that the normal or hyperreactive primary
hemostatic status may constitute a risk for post-operative thrombotic events, but this
has never been directly clinically examined. However, indirect clinical evidence for a role
of activation of primary hemostasis in post-transplant thrombosis comes from a study
in which platelet inhibition by aspirin was shown to substantially reduce the risk of HAT
(see below). Interestingly, in our study on VWF and ADAMTS13 during and after OLT,
the patient who had very low levels of ADAMTS13 during and after surgery developed
an early HAT (30). Future, adequately powered studies should examine whether a postoperative VWF/ADAMTS13 dysbalance indeed is a risk factor for early HAT. Although the
risk of post-operative HAT is likely initiated by local activation of endothelial cells as a
result of the ischemia-reperfusion injury inevitably linked to a transplant procedure (34)
and by other surgical risk factors involving the arterial anastomosis (7, 8), we believe
that a hyper-reactive primary hemostatic system may enhance this risk even further.
The local endothelial activation and damage in combination with a hyper-reactive
hemostatic system will result in platelet adhesion, which may progress to an occlusive
hepatic artery thrombus.
Secondary hemostasis in patients with cirrhosis is characterized by a commensurate
decline in both pro- and anticoagulant proteins. Traditionally, the net effect of the hemostatic changes in secondary hemostasis in cirrhosis was believed to be a hypocoagulable
status as evidenced by prolongations in routine diagnostic tests of coagulation such as
the PT and APTT. Although the prolonged PT and APTT suggest a bleeding tendency,
these tests fail to take into account the reduced levels of the anticoagulant proteins.
When examined with more sophisticated tests, coagulation potential, as tested by
thrombin generation assays, is indistinguishable from or even superior to that of healthy
controls (35–37). The normal or enhanced thrombin generation in cirrhosis has been at-
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tributed specifically to increased plasma levels of coagulation factor VIII with decreased
plasma levels of protein C (36, 38). A normal to hypercoagulable status in patients with
cirrhosis has also been demonstrated using thromboelastography (39).
During OLT, levels of pro- and anticoagulants decrease even further, which is associated with a further prolongation of PT and APTT. Nevertheless, the coagulation potential
as tested by thrombin generation assays remains comparable to or is even increased as
compared with that of healthy volunteers (40). Importantly, in the post-operative period
(at 5 and 10 days after surgery), in vitro thrombin generation tests showed an increased
rate and total amount of thrombin generation. Decreased levels of protein C and S and
persistently high levels of FVIII are likely related to this hypercoagulable status. Whether
this in vitro hypercoagulable status has a direct link to thrombotic complications has
not yet been studied and requires further research.
The fibrinolytic system in patients with cirrhosis is also in a rebalanced status, but
during surgery a hyperfibrinolytic status may occur temporarily as a result of an increase
in plasma levels of tissue-type plasminogen activator (tPA) in the anhepatic phase and
after reperfusion (41). However, at the end of surgery, a hypofibrinolytic status occurs
because of a massive increase in plasminogen activator inhibitor type 1 (PAI-1) levels,
and the fibrinolytic potential remains significantly decreased up to day 5 after surgery
(42). The link between this temporary hypofibrinolytic status and the risk of thrombotic
complications has not yet been studied. Nevertheless, a hypofibrinolytic status has been
demonstrated to be a risk factor for venous and arterial thrombosis in the general population (43).
Altogether, these laboratory data are suggestive of a rebalanced hemostatic system
or even hypercoagulability, in particular in the early post-operative period. It must be
pointed out, however, that the limited data available concerns patients transplanted
for cirrhosis. To our knowledge, data on hemostatic changes during and after OLT in
non-cirrhotic patients (e.g. patients with hepatocellular carcinoma without cirrhosis, or
patients with metabolic liver diseases) are lacking in the current literature, but as 80% of
the liver transplants performed in the Western world are performed in cirrhotic patients,
we feel this limitation is acceptable.

9

Thrombotic complications during and after OLT – Is there a role
for the haemostatic system?
The various thrombotic complications that may occur in the perioperative period have
long been assumed to be of surgical origin or related to graft quality. In addition, a role
for the hemostatic system in early thrombotic complications has long been dismissed
because of the traditional belief that a hypocoagulable status is present prior to and
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during OLT. Thrombotic complications that occur long after transplantation have been
linked to graft or environmental factors (e.g. late HAT), or are believed to be secondary to immunosuppression (e.g. systemic arterial events) (15). Nevertheless, there is
accumulating clinical evidence for a role of the hemostatic system in both early and
late thrombotic events. Most data concern the role of the hemostatic system in the
development of HAT, but the hypercoagulable status may also (in part) be involved in
the development of PVT.
First of all, patients transplanted for metabolic liver diseases such as familial amyloidotic polyneuropathy (FAP) or acute intermittent porphyria (AIP), appear to have an
increased risk for early HAT compared with patients transplanted with fibrosis or cirrhosis (44, 45). In contrast to patients with cirrhosis, patients with FAP or AIP do not
have a compromised liver function, and therefore have an intact hemostatic system.
Moreover, the procedure in these patients is technically easier as compared with the
procedure in patients with cirrhosis in whom portal hypertension, venous collaterals or
perihepatic inflammatory adhesions complicate the hepatectomy. Thus, despite a less
complex surgical procedure, patients with FAP or AIP have an increased risk for HAT,
for reasons that have not been clearly defined. We hypothesize that the increased risk
for HAT in these patients is directly linked to their intact hemostatic system. Although
the surgical triggers for development of HAT are decreased in patients with FAP or AIP,
the hemostatic capacity is increased compared with that of patients with cirrhosis, thus
explaining the increased thrombotic risk.
Secondly, patients receiving a graft that carries a thrombophilic mutation in one of
the coagulation factors (such as Factor V Leiden or the prothrombin G20210A mutation)
appear to have an increased risk for HAT (46, 47). As biochemically and clinically these
mutations clearly increase coagulation potential in the general population, we believe
that these findings indicate an important role for the coagulation system in development of HAT. The observation that the risk of HAT is increased by genetic factors that
increase hemostatic potential in patients transplanted for cirrhosis is compatible with
the observation that the risk of HAT is increased in patients transplanted for metabolic
diseases, who have a more competent hemostatic status as compared to patients with
cirrhosis.
Thirdly, it has been demonstrated that cytomegalovirus (CMV) infection is associated
with an increased risk of HAT (48). Multiple studies have shown the risk of HAT to be
substantially increased in seronegative recipients receiving a seropositive graft (8,
48–50). We hypothesize that this finding is, at least in part, related to the prothrombotic
effects of CMV infection. CMV infection results in endothelial cell activation which in
turn results in increased platelet reactivity and procoagulant capacity of these cells (51).
Notably, some other studies have failed to show the correlation between HAT and CMV
infection. One study investigating risk factors for early HAT did not find CMV infection in
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donor or recipient to be associated with early HAT after OLT (52). Another study found a
correlation of CMV with late HAT, but not with early HAT (53). It must be pointed out that
in both these studies patients were intensively monitored and treated for CMV viremia.
The early treatment might delay or stop the endothelial damage and activation of the
hemostatic system as a result of the CMV infection.
Forth, it has been demonstrated that patients with PVT before transplantation have an
increased risk for development of HAT after transplantation (64). This may indicate a certain pre-existent hypercoagulable status unrelated to the liver, as the hypercoagulable
factor persists after transplantation and causes an increased risk for HAT (30, 40). On the
other hand, endothelial damage of the portal vein wall will persist even after successful
thrombectomy during transplantation, and this could contribute to the higher risk of
recurrent PVT in these patients as well.
Fifth, it has been demonstrated that indefinite treatment with aspirin results in a
>80% relative risk reduction in late HAT in ‘high risk’ patients, although this effect has
only been reported in a single, retrospective study (54). These results do not necessarily
imply that HAT is in part caused by a hypercoagulable status, however, they do indicate
that the hemostatic system is somehow involved in late HAT. In addition, many other
factors such as donor age, severe acute rejection, backtable surgery for anatomic variations, blood group-incompatible grafts, active cigarette smoking, usage of a donor iliac
artery interposition graft to the aorta, and use of a graft from a donor who died of a
cerebrovascular accident may have a role in the development of HAT (50), but none
of these factors are modifiable, whereas the administration of platelet inhibitors is a
straightforward way to inhibit the primary hemostatic system.
Altogether, in our interpretation of the clinical literature there is a clear role for the
hemostatic system in development of both early and late HAT. Moreover, although the
data are limited, there is laboratory evidence for a hypercoagulable status in the perioperative period. This hypercoagulable status may not only contribute to the risk of HAT
or PVT, but may also contribute to other post-operative thrombotic events including
deep vein thrombosis. Although the incidence of venous thrombosis after OLT is not
necessarily higher than in other types of major surgery, the fact that these complications
do occur despite hypocoagulable routine laboratory tests (platelet count, PT, APTT) in
the first post-operative days indicates that these routine tests probably do not reflect
in vivo physiology. On the other hand, part of the venous thrombotic events that occur
after OLT may be a consequence of insufficient or absent thromboprophylaxis, which is
withheld because of a presumed bleeding risk.
Liver transplant recipients have an increased risk for cardiovascular disease and risk of
death because of cardiovascular events years after the transplant (15). The increased risk
for cardiovascular events is likely because of metabolic changes which are presumably
mainly related to immunosuppressant use. In particular, diabetes mellitus, hyperten-
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sion, dyslipidemia, and obesity occur frequently in the transplanted patient (55, 56). In
addition, the risk appears higher in patients with preexisting cardiovascular risk factors,
such as in patients transplanted for NASH (19, 21). Nevertheless, it cannot be excluded
that activation of hemostasis by a dysbalanced VWF/ADAMTS13 axis, a hypercoagulable or a hypofibrinolytic status, which are established risk factors for arterial events
in the general population, also contribute to the elevated risk of arterial events in the
transplanted factors themselves already result in procoagulant changes. For example,
patients with hypertension or the metabolic syndrome outside the context of liver
transplantation have significant changes in their hemostatic system (57, 58). It will thus
be difficult to disentangle coagulation disturbances because of immunosuppressionrelated metabolic alterations from isolated coagulation abnormalities. Evidence for
direct activation of prohemostatic components by immunosuppression was recently
summarized by Senzolo and colleagues (59). Several studies regarding immune suppressive medication and hemostatic changes were discussed, among which a study by
Huang and colleagues who demonstrated increased levels of VWF and PAI-1 after addition of dexamethasone to endothelial cells (60). Another study, performed by Bombeli
and colleagues demonstrates an increase in thrombin generation by endothelial cells
exposed to cyclosporine (61).
Regardless of the origin of the prothrombotic status, the fact that hypercoagulability
likely contributes to the occurrence of various thrombotic events after transplantation
means that studies on the prevention of such events by means of prophylactic antithrombotic therapy are indicated. A timeline with the various thrombotic complications
that may occur prior to, during, and after OLT is depicted in Figure 1. The figure also
depicts the hemostatic status of the liver transplant recipient over time.

POSSIBLE PROPHYLACTIC ANTITHROMBOTIC STRATEGIES TO REDUCE THE
INCIDENCE OF POST-TRANSPLANT THROMBOTIC COMPLICATIONS
In the previous paragraphs we have summarized the increasing clinical and laboratory
data indicating a role of the hemostatic system in both early and late thrombotic complications after OLT. Although perioperative bleeding complications occur more frequently
as compared to post-operative thrombosis, the bleeding complications are mostly
manageable, whereas postoperative thrombosis (such as hepatic vessel occlusions) are
associated with substantial morbidity and even with mortality. Therefore, it is our belief
that prophylactic antithrombotic treatment to prevent these complications may be
clinically relevant, in particular as other risk factors related to thrombotic risk (e.g. those
related to graft quality or immunosuppression) are not easily modifiable. Traditionally,
antithrombotic treatment is cautiously used in liver transplant recipients because of
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the perceived bleeding risk, in particular in the immediate post-operative period. We
propose that the recent novel insights in the hemostatic status after OLT should lead to a
cautious reconsideration of the use of antihemostatics. Various antithrombotic strategies
may be considered, and each of the potential regimens need a risk/benefit assessment,
preferably in controlled clinical studies. All antithrombotic strategies are associated with
a risk for bleeding complications, which will require careful attention in clinical studies.
Below we will discuss possible antithrombotic regimens and their potential indications.
We would like to stress that these suggestions are not meant as clinical guidelines, but
rather serve as considerations for future, carefully controlled, clinical studies. None of
the proposed regimens have been clinically validated, but we believe the time has come
to start considering clinical validation of some of these options.
Standard low-molecular weight heparin (LMWH) thromboprophylaxis might be
helpful to avoid venous thrombosis, but the partial antithrombin deficiency in the
early post-operative period is of concern, as the anticoagulant activity of heparins relies
on antithrombin. Furthermore, it has recently been demonstrated that LMWH has a
stronger anticoagulant activity in plasma from patients with cirrhosis as compared to
plasma from healthy individuals (62). In addition, monitoring of LMWH is complicated
as the anti Xa laboratory test appears to overestimate the true LMWH mass (63). The
new generation direct factor (F) Xa or thrombin inhibitors have advantages as they
do not rely on antithrombin, have no risk for heparin-induced thrombocytopenia, and
can be continued for a prolonged period. However, a disadvantage may be that these
drugs are metabolized in the liver and kidneys, which will result in unpredictable anticoagulation in patients with delayed graft function or post- operative renal failure. LMWH
thromboprophylaxis may also help to prevent early PVT or HAT, but to our knowledge
the effect of standard thromboprophylaxis on PVT or HAT has never been assessed in
the post- transplant population. It has been recently demonstrated that LMWH anticoagulation prevents PVT and decompensation in patients with cirrhosis prior to OLT (64).
Notably, LMWH does appear to have a favorable safety profile in patients with cirrhosis
(61). LMWH may be switched to oral anticoagulation with vitamin K antagonists with the
aim of avoiding hepatic vessel thrombosis weeks or months after the transplantation.
Drawbacks of oral anticoagulation in the liver transplant recipient are possible interactions with immunosuppressive drugs.
In a single study, long term aspirin has been shown to lead to a reduction in the
incidence of late HAT in selected patients, without inducing bleeding complications.
The risk/benefit of this approach should be prospectively investigated in a more general cohort of transplanted patients. Long-term aspirin may also lead to a reduction in
cardiovascular events, which may be particularly relevant for patients transplanted for
NASH, but admittedly studies to assess this will have to be large and lengthy.
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Short-term anticoagulation using combination therapy may be of additional benefit
to prevent early events, in particular PVT or HAT. A combination of LMWH and aspirin
might be relevant and relatively safe. More intensive antihemostatic regiments, including dual or triple antiplatelet therapy with aspirin, P2Y12 blockers (such as clopidogrel)
and/or aIIbb3 blockers (such as abciximab) may be relevant to avoid (arterial) events in
the early post-operative period, but the bleeding risk may be significant.
The choice for a moderate or more intensive anticoagulant regiment may determine
on the patients’ individual risk profile. For example, in patients with pretransplant PVT,
thrombotic complications prior to transplantation, a pediatric recipient, or a pre-existing
cardiovascular risk profile one might consider a more intensive regimen. In patients
with severe bleeding during OLT, massive hyperfibrinolysis and no thrombotic history,
a more cautious approach may be warranted. Also, the duration of anticoagulation may
depend on patient characteristics. The patients with a very unfavorable cardiovascular
risk profile may benefit from a more intensive treatment as compared to the patients
without diabetes, obesity, and with relatively well-controlled hypertension and lipid
profile.

CONCLUSION
Here we have summarized the increasing laboratory and clinical data indicating a role
for the hemostatic system in the development of thrombotic complications during and
after OLT. Clinical observations also suggest a hypercoagulable hemostatic system in
the long term after OLT, but additional laboratory studies are required to assess the
hemostatic status in the transplanted patient in detail. We believe that anticoagulant
strategies to prevent the various thrombotic complications require serious consideration, but the risk/benefit profile of the various strategies in the complex post-transplant
patients is still unclear. Large and long-term clinical studies to assess the efficacy of the
various antithrombotic strategies to avoid the in cases fatal thrombotic episodes will be
required. Although antithrombotic regimens inevitably carry the risk of bleeding complications, these may be justified by the severity of some of the thrombotic syndromes.
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ABSTRACT
Background: The long-term risk of thrombotic and vascular complications is elevated
in liver transplant recipients compared to the general population. Patients with cirrhosis
are in a hypercoagulable status during and directly after orthotopic liver transplantation, but it is unclear whether this hypercoagulability persists over time.
Aim: We aimed to investigate the hemostatic status of liver transplant recipients one
year after transplantation.
Methods: We prospectively collected blood samples of 15 patients with a functioning
graft one year after orthotopic liver transplantation and compared the hemostatic status
of these patients with that of 30 healthy individuals.
Results: Patients one year after liver transplantation had significantly elevated plasma
levels of von Willebrand factor (VWF). Thrombin generation, as assessed by the endogenous thrombin potential, was decreased in patients, which was associated with
increased plasma levels of the natural anticoagulants antithrombin and tissue factor
pathway inhibitor. Plasma fibrinolytic potential was significantly decreased in patients
and correlated inversely with levels of plasminogen activator inhibitor-1.
Conclusion: One year after liver transplantation, liver graft recipients have a dysregulated hemostatic system characterized by elevation of plasma levels of endothelialderived proteins. Increased levels of von Willebrand factor and decreased fibrinolytic
potential may (in part) be responsible for the increased risk for vascular disease seen in
liver transplant recipients.

164

Abnormal hemostatic function one year after OLT can be fully attributed to endothelial cell activation

INTRODUCTION
Patients with chronic liver disease frequently have major and multiple alterations in their
hemostatic system, including a decreased platelet count and decreased plasma levels
of pro- and anti-hemostatic proteins produced by the diseased liver (1). The decrease
in procoagulant proteins is evidenced by prolonged test results of routine coagulation
assays such as the prothrombin time (PT) and activated partial thromboplastin time
(APTT). Historically, due to an increased bleeding risk during surgery in combination
with prolonged conventional coagulation tests and thrombocytopenia, liver disease
patients were thought to be in a hypocoagulable state. In recent years it has become increasingly accepted that cirrhosis patients have a rebalanced hemostatic system which
is not adequately represented by routine coagulation tests as they are only sensitive for
procoagulant proteins and do not take the concomitant decrease in antihemostatic proteins into account (2,3). The rebalanced hemostatic system is more fragile as compared
to healthy individuals and may decompensate towards hypo- or hypercoagulability by
factors such as renal failure, trauma, infection, and surgery (1). Besides bleeding complications, patients with cirrhosis are also at risk for thrombotic complications and this
particular clinical scenario has only recently been fully appreciated (4-8). Patients with
cirrhosis who undergo orthotopic liver transplantation (OLT) show a rapid normalization of coagulation proteins due to the intact synthetic capacity of the transplanted
liver. Previous studies performed in our laboratory have shown that hemostatic capacity
early after OLT appears adequate, but shows important differences when compared to
healthy individuals. At 10 days after OLT, when synthetic function of the liver as assessed
by PT and APTT values is adequate, multiple laboratory parameters suggest that the
patients are in a hypercoagulable state. Specifically, we have shown an unbalanced von
Willebrand factor (VWF)/ADAMTS13 system (9), and enhanced thrombin generation (2).
Also, we have shown a decreased fibrinolytic potential up to five days after surgery (10).
Clinically, this hypercoagulable status is evidenced by a profoundly increased risk for
thrombotic complications such as hepatic artery thrombosis (HAT). While previously
HAT was assumed to be a solely surgical complication, there is emerging evidence for
the involvement of the hemostatic system in the development of HAT (11). In addition,
liver transplant recipients are at increased risk for arterial thrombotic events. The risk
for thrombotic complications remains increased months and even years after OLT
compared to the general population, and a substantial part of morbidity and mortality
in liver transplant recipients, who survive the first year after transplantation, is due to
vascular events (12,13) .
Long-term vascular complications are mainly ascribed to the use of immunosuppressive medication (12). Besides the known metabolic risk profile associated with the use
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of immunosuppressive medication, several in vitro studies have provided evidence for a
prohemostatic effect of such drugs (14,15).
While there is laboratory evidence for a hypercoagulable state during and directly
after OLT, it is unclear whether the hypercoagulability persists and, if so, for how long.
To our knowledge there has been no study investigating the hemostatic potential in
liver transplant recipients long after a successful transplant. We aimed to investigate the
long-term status of the hemostatic system by various assays of hemostatic competence
in patients one year after OLT. Understanding the hemostatic state of transplanted patients is essential for clinical practice and for the development of preventive measures
for short- and long term vascular complications.

METHODS
Patients
We designed a prospective cohort study. Fifteen adult patients who visited the outpatient Hepatology clinic of the University Medical Center Groningen (UMCG) in for their
one-year follow-up visit after OLT, and had adequate liver function (as assessed by
routine laboratory parameters such as aspartate aminotransferase (ASAT) and alanine
aminotransferase (ALAT), bilirubin, albumin, and PT) were included in this study. We
included 30 healthy volunteers from our laboratory staff (9 males, 21 females – median
age (IQR): 31 (25-42)) to establish reference values for the various tests performed in
the study. Patients and controls with a history of thrombotic complications, congenital
coagulation disorders, active graft rejection, active infection, or who had used anticoagulant drugs in the past 10 days, suffered from disease recurrence, or were pregnant,
were excluded. A brief questionnaire was used to collect demographic and disease
information. Written informed consent was obtained from participants in this study.

Plasma samples
Blood samples were drawn by venous puncture and collected into vacuum tubes
containing 3.8% trisodium citrate as an anticoagulant (Becton Dickinson, Breda, The
Netherlands), at a blood to anticoagulant ratio of 9:1. Platelet-poor plasma was prepared
by double centrifugation at 2000 g and 10.000 g respectively for 10 min. Plasma was
snap-frozen and stored at -80°C until use.

Primary hemostasis
Plasma levels of VWF were determined with an in-house enzyme-linked immunosorbent
assay (ELISA) using commercially available polyclonal antibodies (A0082 for coating and
P0226 for detection, both are rabbit anti-human antibodies, P0226 is a horseradish-
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peroxidase conjugated version of A0082 (RRID:AB_579516), DAKO, Glostrup, Denmark).
A disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13
(ADAMTS13) activity was measured in plasma which was pretreated for 30 minutes at
37°C with bilirubin oxidase (10U/mL; Sigma-Aldrich, Zwijndrecht, The Netherlands) to
avoid interference of bilirubin with the assay. ADAMTS13 activity was assessed using the
FRETS-VWF73 assay (Peptanova, Sandhausen, Germany) based on method described by
Kokame et al (16). The antigen levels of VWF and the activity of ADAMTS13 in pooled
normal plasma were set at 100%, and values obtained in test plasmas were expressed as
a percentage of pooled normal plasma.
Platelet activation was assessed by measuring plasma levels of soluble P-selectin and
platelet factor 4 (PF4) with a commercially available ELISAs (R&D Systems, Abingdon,
United Kingdom).

Thrombin generation
The thrombin generation test was performed using platelet-poor plasma (PPP) with
the fluorimetric method described by Hemker, Calibrated Automated Thrombography ®
(CAT) (17). Coagulation was activated using a commercial trigger composed of recombinant tissue factor (TF) at a concentration of 4 pM and phospholipids at a concentration
of 4 μM, in the presence or absence of soluble thrombomodulin (TM) (Thrombinoscope
BV, Maastricht, The Netherlands). Thrombin Calibrator (Thrombinoscope BV, Maastricht,
The Netherlands) was added to the wells containing plasma to calibrate the thrombin
generation curves. A fluorogenic substrate with CaCl 2 (FluCa-kit, Thrombinoscope BV,
Maastricht, the Netherlands) was dispensed in each well to allow a continuous registration of thrombin generation. Fluorescence produced was read every 20 seconds by a
fluorometer, Fluoroskan Ascent ® (ThermoFisher Scientific, Helsinki, Finland). All experiments were performed in triplicate.
The endogenous thrombin potential (ETP), peak height, velocity index and lag time
were derived from the thrombin generation curves by the Thrombinoscope software.
Level of prothrombin F1+2 fragments in plasma were determined with a commercially available ELISA (Siemens, Breda, the Netherlands) according to the manufacturer’s
instructions.

10

Routine coagulation laboratory tests
Levels of factor (F) VIII, II, antithrombin (AT) and Protein C were measured on an automated coagulation analyzer (ACL 300 TOP) with reagents and protocols from the manufacturer (Recombiplastin 2G and FII depleted plasma for FII, Hemosil (R) SynthASil and
FVIII depleted plasma for FVIII, Liquid Antithrombin reagent for AT, and Hemosil Protein
C for Protein C measurements; Instrumentation Laboratory, Breda, the Netherlands).
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Plasma levels of Tissue Factor Pathway Inhibitor (TFPI) were determined with an inhouse ELISA as previously described (18).

Fibrinolytic potential
Fibrinolytic potential was assessed using a plasma-based clot lysis assay. Lysis of a tissue factor–induced clot by exogenous tissue plasminogen activator (tPA) was studied
by monitoring changes in turbidity during clot formation and subsequent lysis as described previously (19). In short, 50 μL plasma was pipetted in a 96-well microtiter plate.
Subsequently, a mixture containing phospholipid vesicles, tPA, tissue factor, and CaCl 2,
adjusted to a total volume of 50 μL by addition of HEPES (N-2-hydroxytethylpiperazineN-2-ethanesulfonic acid) buffer (25 mM HEPES, 137 mM NaCl, 3.5 mM KCl, 3 mM CaCl
2, 0.1% bovine serum albumin, pH 7.4) was added using a multichannel pipette. In a
kinetic microplate reader (Versamax, Molecular Devices, Sunnyvale, CA), the optical
density at 405 nm was monitored every 20 seconds at 37°C, resulting in a clot-lysis turbidity profile. Clot lysis times were derived from the clot-lysis turbidity profiles using in
house-generated software. The clot lysis time was defined as the time from the midpoint
of the clear to maximum turbid transition, representing clot formation, to the midpoint
of the maximum turbid to clear transition, representing the lysis of the clot.
Plasma levels of plasminogen activator inhibitor-1 (PAI-1) levels were determined with
a commercially available ELISA (Sekisui, Stamford, USA).

Statistical analyses
Data are expressed as means (with standard deviations (SDs)), medians (with interquartile ranges(IQR)), or numbers (with percentages) as appropriate. Means of two groups
were compared by Student’s t-test or Mann-Whitney U test as appropriate. Spearman’s
correlation coefficient was used to assess correlation between continuous variables.
P values of 0.05 or less were considered statistically significant. GraphPad Prism (San
Diego, USA) and IBM SPSS Statistics 20 (New York, USA) were used for analyses.

Ethics statement
Written informed consent was obtained from every participant in this study. The study
was approved by the local Medical Ethics Committee from the UMCG (protocol number
2012.098). Study procedures were in accordance with the Helsinki Declaration of 1975.
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RESULTS
Patient characteristics
All of the patients included in this study underwent OLT between 2011 and 2012. All
patients received a full-size graft. None of the patients suffered from thrombosis prior
to OLT or had postoperative thrombotic complications within the first year. Five patients
suffered from diabetes mellitus at time of the blood draw, and four of these were insulindependent. Two of these patients had developed diabetes after OLT. There were five
patients that were on platelet aggregation inhibitors (calcium carbasalate or aspirin) at
the time of the blood draw. Two of these patients had coronary disease for which they
had undergone coronary interventions prior to OLT. One patient had left ventricular hypertrophy and one patient had paroxysmal atrial fibrillation. The fifth patient appeared
to have fragile arteries at the anastomotic site during OLT for which post-operative
aspirin was started. Two patients suffered from hypertension, and two patients smoked
cigarettes. Patient and background characteristics are presented in Table 1.
Table 1. Patient characteristics
Mean age (years) (± SD)

50.0 (± 1.9)

Male/female ratio

11/4

Mean BMI (± SD)

26.0 (± 2.9)

Etiology of liver disease (no of
patients)

Biliary cirrhosis

5

Alcoholic cirrhosis

2

Viral cirrhosis

3

Acute liver failure

1

Familial amyloidotic polyneuropathy

1

Morbus Wilson

1

Alcoholic cirrhosis and NASH

1

NASH

1

Piggyback/conventional implantation
Donor type

Immunosuppressive regimen (no of
patients)

Other medication (no of patients)

12/3
Heartbeating

10

Non-heartbeating

4

Domino

1

Calcineurin inhibitor

2

Calcineurin inhibitor + steroid

1

Calcineurin inhibitor + steroid + purine
antagonist

10

Calcineurin inhibitor + purine antagonist

2

Aspirin

5

Insulin

4

Metformin

2

10
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Table 1. Patient characteristics (continued)

Laboratory assessment (medians and
IQR)

Calcium antagonist

4

ACE-inhibitors

4

Betablocker

1

Diuretic

1

Proton pump inhibitor

13

Haemoglobin (mmol/L)

8.6 (8.2-9.0)

Platelets (x109/L)

160 (136-192)

Total bilirubin (µmol/L)

9.0 (6.0-11.0)

ASAT (U/L)

26 (18-3)

ALAT (U/L)

25 (20-38)

Albumin (g/L)

45 (44-47)

INR

1.1 (1.0-1.1)

Creatinine (µmol/L)

77 (72-107)

*To convert values for haemoglobin to g/dl, multiply by 1.650. To convert values for bilirubin to mg/dl
divide by 88.4. SD= standard deviation; BMI= body mass index; NASH= non-alcoholic steatohepatis; ACE=
angiotensin converting enzyme; ASAT= aspartate aminotransferase; ALAT= alanine aminotransferase.

A dysbalanced VWF/ADAMTS13 ratio in liver transplant recipients
Patients had significantly higher plasma levels of the platelet-adhesive protein VWF
compared to healthy controls (253% (200–323) (median (IQR)) vs. 99% (63–114), respectively, Figure 1A). The activity of ADAMTS13, the VWF-cleaving protease was comparable
between patients and controls (82% (75–118) vs. 94% (85–102) respectively, Figure 1B).
Plasma levels of sP-selectin were significantly elevated in patients compared to controls
(28.0 pmol/L (25.0–39.0) vs. 21.0 pmol/L (18.8–25.3) respectively, Figure 1C). Levels of
sP-selectin were similar in patients that were on calcium carbasalate or ascal compared
to those who were not (33.0 pmol/L (20.0–41.0) vs. 28.0 pmol/L (25.0–33.0) respectively;
p=0.68). However, levels of PF4 were similar among patients and controls (595 ng/ml
(369–912) vs. 634 ng/ml (496–786) respectively; Figure 1D).
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Figure 1. VWF and platelet parameters in healthy controls and patients. A. Plasma levels of von Willebrand
factor (VWF) in patients and healthy controls. B. ADAMTS13 activity in plasma from patients and healthy
controls. C. Plasma levels of soluble P-selectin in patients and controls. D. Plasma levels of Platelet Factor 4
in patients and controls. Horizontal bars indicate medians.

Decreased in vitro thrombin generation is associated with elevated plasma
levels of TFPI and AT, but not with differences in in vivo thrombin generation in
liver transplant recipients
Thrombin generation assays showed that patients had a decreased procoagulant
capacity, both in presence and absence of TM (Figure 2). Specifically, patients had a decreased ETP compared to controls, both in presence and absence of TM (344 nM IIa×min
(284–414) vs. 492 nM IIa×min (385–693) respectively, in presence of TM). Patients also
had a decreased peak height and velocity index, and a prolonged lagtime compared to
controls (Table 2).
The ETP ratio, an index of the anticoagulant capacity of the protein C system defined
as the ratio of the ETP with-to-without TM, was significantly lower in patients compared
to controls (Table 2).
Plasma levels of FII were similar in patients and controls (99 % (94–111) vs. 106%
(96–117) respectively, Figure 3A). Levels of FVIII on the other hand were significantly
higher in patients compared to controls (122% (111–153) vs. 87% (74–109) respectively,
Figure 3B).
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Table 2: Parameters derived from thrombin generation curves generated in absence and presence of TM
Patients

Controls

ETP ratio

0.4 (0.3-0.4)

0.5 (0.3-0.8)

0.037

Velocity index TM- (nM IIa/min)

55.0 (43.0-67.0)

73.0 (56.0-134.0)

0.004

Velocity index TM+ (nM IIa/min)

43.0 (34.0-54.0)

58.5 (46.8-93.8)

0.002

Peak TM- (nM IIa)

172.0 (162.0-196.0)

190.0 (182.0-306.0)

0.004

Peak TM+ (nM IIa)

98.0 (78.0-98.0)

134.0 (100.0-187.0)

0.003

Lag time TM- (min)

2.7 (2.3-2.7)

2.0 (1.7-2.0)

<0.001

Lag time TM+ (min)

2.3 (2.0-2.5)

1.7 (1.7-2.0)

<0.001

p-value

Data are presented as medians with interquartile range. ETP = endogenous thrombin potential; TM=
thrombomodulin.






 










  

  

  

  

Figure 2. Endogenous Thrombin Potential (ETP) in plasma from patients and healthy controls in absence
and presence of thrombomodulin (TM). Horizontal bars indicate medians.









 

 

























Figure 3. Coagulation factor levels in patients and healthy controls. A. Plasma levels of factor II in patients
and healthy controls. B. Factor VIII plasma levels in patients and healthy controls. Horizontal bars indicate
medians.
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Plasma levels of TFPI were significantly higher in patients compared to controls
(184% (147–204) vs. 127% (82–148) respectively, Figure 4A). There was no difference in
protein C levels between the groups (107% (87–124) vs. 104% (95–126) respectively,
Figure 4B). In the patient group protein C correlated inversely with ETP in presence of
TM (Figure 4C). Levels of AT were slightly, but significantly higher in patients compared
to controls (114% (99–134) vs. 104% (97–113) respectively, Figure 4D).
Plasma levels of prothrombin fragment 1+2, an indicator of in vivo thrombin generation, were similar between patients and controls (216 pmol/L (146–260) vs. 178 pmol/L
(136–210) respectively, Figure 5).






  

 















































 

  








 



























     











Figure 4. Coagulation factor levels in patients and healthy controls. A. Plasma levels of TFPI in patients and
healthy controls. B. Protein C levels in plasma from patients and healthy controls. C. Correlation between
the Endogenous Thrombin Potential (ETP) measured in the presence of thrombomodulin (TM) and plasma
levels of protein C in patients. D. Antithrombin (AT) levels in plasma from patients and healthy controls.
Horizontal bars indicate medians.
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Figure 5. Plasma levels of prothrombin fragment 1+2 in patients and healthy controls. Horizontal bars
indicate medians.

Decreased plasma fibrinolytic potential associated with elevated plasma levels
of PAI-1 in liver transplant recipients
Clot lysis times were significantly prolonged in patients compared to controls (66.8 min
(61.3–75.1) vs. 54.2 min (50.1–60.8) respectively Figure 6A and B). Plasma levels of PAI-1

















 

   



















 













 









 











 







 










 





Figure 6. Fibrinolytic status in patients and healthy controls. A. Clot lysis time assessed in plasma from
patients and healthy controls. B. Plasma levels of plasminogen activator inhibitor-1 (PAI-1) in patients and
healthy controls. C. Correlation between clot lysis times and PAI-1 plasma levels in patients and D. controls.
Horizontal bars in panels A and B indicate medians.
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were significantly higher in patients compared to controls (8.2 ng/ml (4.5–11.8) vs. 2.1
ng/ml (2.6–5.4) respectively) and correlated with clot lysis time (Figure 6C and D).

DISCUSSION
The main finding of this study is that one year after OLT patients with a well- functioning
graft are in a hypercoagulable state. This hypercoagulable state is caused by elevated
plasma levels of VWF (resulting in a hyperactive primary hemostatic system), and a
hypofibrinolytic state due to elevated plasma levels of PAI-1. Nevertheless, thrombin
generation was decreased in patients one year after OLT, which was related to increased
levels of TFPI and AT, which were previously shown to be key determinants of thrombin
generation in healthy individuals (20) . This decreased thrombin generation may, in part,
compensate for the hypercoagulable changes. High VWF and decreased plasma fibrinolytic potential, however, are established risk factors for venous and arterial thrombosis,
and we therefore speculate that the unbalanced hemostasis in patients one year after
OLT may contribute to their increased risk for thrombotic events. The observed increased
levels of VWF, sP-selectin, FVIII, TFPI, and PAI-1, in patients one year after OLT, are likely
the result of chronic endothelial injury. All of these coagulation proteins are produced
by endothelial cells. It has been demonstrated that the use of immunosuppressive drugs
leads to endothelial cell activation and release of (14,21-26) VWF. Also, an inhibitory effect
of immunosuppressive medication on fibrinolysis has been demonstrated, as evidenced
by elevated levels of PAI-1 (26-28). It thus appears plausible that the elevation in levels
of VWF, sP-selectin, FVIII, TFPI, and PAI-1, which explain the majority of the hemostatic
unbalance at one year after OLT, is related to immunosuppression. Nevertheless, other
causes for endothelial activation such as (de novo) diabetes, smoking, and infection or a
proinflammatory status may also contribute to endothelial cell activation. Of note, none
of the other drugs used by some of the patients, such as proton pump inhibitors, bloodglucose lowering medication or calcium antagonists are known to cause endothelial cell
activation.
Previously we have summarized clinical and laboratory evidence for hypercoagulability as a contributor to thrombotic complications after liver transplantation (11). Several
of the hemostatic abnormalities that we have described in the present study have been
linked to clinical thrombotic events in non-transplant patients and, therefore, are in line
with our previously formulated hypotheses. Increased levels of VWF and FVIII have been
(independently and in combination) described as a risk factor for venous thromboembolism but also for thromboembolic cardio- and cerebrovascular disease and mortality
in several studies (29-32). Hyperfibrinolysis, as defined by prolonged plasma-based clot
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lysis times or by increased plasma levels of PAI-1 have been associated with a risk for
venous thrombosis and thromboembolic cardiovascular disease (33-37).
With increasing long term survival after OLT, thromboembolic cardio- and cerebrovascular disease has become an increasingly threatening factor for OLT recipients, warranting preventative measures (11). While there are no laboratory studies investigating
the hemostatic status of patients 5–10 years after OLT, it is plausible that the hemostatic
abnormalities induced by immunosuppressive drugs described in this study persist or
even aggravate over time. The findings of this study may point to the necessity of antihemostatic treatment to prevent cardiovascular disease after OLT. While both sP-selectin
and PF4 are considered markers of platelet activation, only PF4 is solely released by
activated platelets. P-selectin is present in both endothelial cells as well as platelets, and
a soluble fragment is released upon activation of these cells. The fact that only levels of
sP-selectin were elevated in liver transplant recipients while levels of PF4 were similar to
controls doesn’t indicate an increased platelet activity but rather increased endothelial
cell activation. However, the elevated levels of VWF may lead thromboembolic events,
which may be prevented by anti-platelet therapy. It has been demonstrated in a single
retrospective study that long-term administration of aspirin lowers the incidence of
HAT after OLT without increasing bleeding events (38). Platelet inhibition after OLT by
aspirin might not only decrease the risk for HAT but also the risk for thromboembolic
cardiovascular disease similar to that in the general population, although this has not
been assessed in clinical studies.
The results of our study suggest that the hemostatic imbalance of liver transplant
recipients is not due to transplant-related effects, but to the endothelial activating
properties of immunosuppression, perhaps in combination with endothelial activation
associated with comorbidities such as diabetes and smoking. Our results therefore
may be likely extended to other forms of solid organ transplantation. Indeed, kidney
transplant recipients are also at risk for thrombotic events, which may also in part be
related to dysregulated hemostasis (39-42). Although antihemostatic therapy may be
beneficial, partial or complete withdrawal of immune suppression contribute to avoiding post-transplant thrombotic complications. In addition, adjustment of lifestyle (e.g.,
cessation of smoking), and optimal control of diabetes and hypertension may contribute
to decreasing the risk for post-transplant thrombosis.
In conclusion, one year after liver transplantation liver transplant recipients display
dysregulated hemostasis which appears to be related to endothelial activation. Whereas
elevated levels of VWF and decreased fibrinolytic capacity may be related to thrombotic
complications in liver transplant recipients, this risk may be attenuated in part by decreased thrombin generating capacity.
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Changes in the hemostatic system frequently occur in patients with advancing chronic
liver disease, and as a consequence patients with chronic liver disease may suffer from
both bleeding- and thrombotic complications (1). The aim of this thesis was to investigate and summarize the hemostatic function in patients with chronic liver disease prior
to, during, and after orthotopic liver transplantation (OLT), and to provide insight into
old and new hemostatic agents that might be helpful to decrease morbidity and mortality related to the hemostatic derangements in these patients.
Chapter 1 provides a general introduction to this thesis, including the background
and aim of each chapter.
Chapter 2 describes the effect of a single intravenous bolus of 1-deamino-8-D-arginine
vasopressin (DDAVP) on hemostatic indices in plasma from patients with cirrhosis and
patients with hemophilia. The aim was to investigate whether a single bolus administration of DDAVP had any prohemostatic effect in the plasma from patients with cirrhosis
that could explain the hemostatic efficacy described in some clinical studies. Patients
with Child Pugh B and C cirrhosis, and patients with mild hemophilia were given a single
intravenous bolus of DDAVP. Prior to, and at several time points following the bolus,
plasma samples were collected. In these samples, levels of von Willebrand factor (VWF),
VWF propeptide, Factor VIII (FVIII), and ADAMTS13 were measured, whereas VWF multimers and functional VWF-dependent platelet adhesion were determined in the samples
pre- and 1 hour after DDAVP administration. Levels of VWF, VWF propeptide, and FVIII
levels increased in patients with hemophilia after DDAVP administration, while patients
with cirrhosis only showed a significant increase in VWF propeptide and an increase in
FVIII levels that did not reach statistical significance. The proportion of high molecular
weight VWF multimers and VWF-dependent platelet adhesion increased in patients
with hemophilia one hour after DDAVP administration, but did not change in the patients with cirrhosis. Levels of ADAMTS13 were unaffected in both patient groups. While
DDAVP is prophylactically used by some centres to prevent bleeding during invasive
procedures in patients with cirrhosis, our study showed a lack of relevant hemostatic
effects of DDAVP in patients with cirrhosis, questioning its use as a pro-hemostatic agent
in these patients.
Chapter 3 describes a study in which we aimed to investigate whether anticoagulant
drugs in cirrhotic patients have different potencies compared to healthy controls and
whether dose adjustments are required in this patient population. Thrombin generation
assays were performed before and after in vitro addition of a fixed dose of unfractionated heparin (UFH), low molecular weight heparin (LMWH), fondaparinux, dabigatran,
and rivaroxaban. A strongly enhanced anticoagulant effect was found in patients with
cirrhosis after addition of the direct thrombin inhibitor dabigatran (72.6% reduction in
endogenous thrombin potential in patients compared to 12.8% reduction in controls).
The enhanced anticoagulant potency of dabigatran was proportional to the sever-
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ity of liver disease. Addition of UFH and LMWH also led to an enhanced anticoagulant
effect in patients with cirrhosis as compared to controls, however this effect was less
pronounced. Fondaparinux and rivaroxaban demonstrated a reduced anticoagulant
effect in patients with cirrhosis as compared to controls. These findings demonstrate
that the anticoagulant potencies of clinically approved drugs vary significantly between
patients with liver disease and healthy individuals, and also may vary between different
subgroups of patients. Drug specific dose adjustment may thus be required in patients
with cirrhosis based on altered pharmacokinetics and altered anticoagulant potency.
Chapter 4 describes a study in which we aimed to investigate the accuracy of anti-Xa
assays in monitoring antithrombin (AT-) dependent and –independent anticoagulant
drugs in plasma from patients with cirrhosis. Anti-Xa levels were measured after in
vitro addition of fixed doses of various anticoagulant drugs in plasma from patients
with cirrhosis and controls. Substantially reduced levels of anti-Xa were found when ATdependent anticoagulant drugs were added to the plasma of patients with cirrhosis as
compared to controls. LMWH (0·2 U/ml) had the poorest recovery in plasma from patients
with cirrhosis (0.13 ± 0·06 U/ml, compared to 0.23 ± 0·03 U/ml in controls (p < 0.0001)),
followed by UFH and fondaparinux. The recovery of rivaroxaban and dabigatran however was identical between patients and controls. These data suggest that the anti-Xa
assay substantially underestimates drug levels of AT-dependent anticoagulant drugs in
patients with cirrhosis. Direct factor Xa and IIa inhibitors, however, may be monitored
through the respective anti-Xa and anti-IIa assays in patients with cirrhosis.
Blood loss during liver transplantation is dependent on several factors including the
surgical technique, patient characteristics such as prior surgery and type of liver disease
(including the severity of hemostatic derangements and portal hypertension), as well
as the anesthesiological management during the transplantation. In Chapter 5 causes
of bleeding during liver transplantation, strategies to prevent blood loss and treatment
possibilities are reviewed. Despite the prolonged prothrombin time (PT) and decreased
platelet count, there is increasing evidence for a rebalanced hemostatic system in
patients with chronic liver disease. During liver transplantation the hemostatic status
appears to remain in balance when tested by more sophisticated laboratory tests (2,
3). Clinical experience suggests that portal hypertension, fluid overload, and a hyperdynamic circulation are much more important determinants of bleeding than a dysfunctional hemostatic system. Volume contraction, achieved by a restrictive transfusion
policy, therefore may be critical in minimizing blood loss during liver transplantation,
and preoperative correction of PT and platelet count with high volume blood products
may work counterproductive (4-7). Transfusion of blood products also significantly increases morbidity and mortality in patients undergoing OLT (8). During OLT, on-demand
use of antifibrinolytics may be considered, especially when there is evidence of hyperfibrinolysis on thromboelastography in the presence of ongoing bleeding. Also, the use of
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recombinant FVIIa may be considered, but little data on efficacy and safety are available.
Additional studies on the optimal management of intractable bleeding during liver
transplantation are required.
Chapter 6 describes a study that investigated the effect of the discontinuation of
aprotinin on blood loss and transfusion requirements during OLT. From 2000 until 2007
aprotinin was the antifibrinolytic drug of choice in the University Medical Center of
Groningen and it was used prophylactically in most patients undergoing OLT. Due to
safety concerns in the field of cardiac surgery the drug was discontinued in 2007, and
from there on hardly any patient received antifibrinolytic therapy during OLT. In this
study, data from the aprotinin era (2000-2007) as well as the post-aprotinin (2007-2013)
era were analyzed to determine whether the discontinuation of aprotinin had caused an
increase in blood loss and red blood cell (RBC) transfusion during OLT. The proportion of
patients without any RBC transfusion decreased from 39% in the aprotinin era to 21 % in
the post-aprotinin era (p<0.001). The median amount of RBC transfusion increased from
2 (IQR 0-6) in the aprotinin era to 4 units (IQR 1-9) in the post-aprotinin era (p<0.001). In a
multivariable logistic regression analysis, the need for RBC transfusion was significantly
higher in patients that did not receive aprotinin during OLT compared to patients who
did receive aprotinin. These results emphasize the role of hyperfibrinolysis in blood loss
during OLT and plea for further investigation and reconsideration of prophylactic use of
aprotinin or other antifibrinolytic drugs in patients undergoing OLT.
Chapter 7 describes the protocol of an ongoing multicenter randomized controlled
trial investigating the hemostatic efficacy of prothrombin complex concentrates (PCC).
Due to the fact that this is a low volume product that contains balanced amounts of both
pro-, and anticoagulant proteins, PCC might be helpful in reducing blood loss during
OLT by strengthening both sides of the hemostatic axis without the risk of aggravating
portal hypertension. Preliminary results are expected in the first quarter of 2017.
Chapter 8 describes a study that investigated the contribution of portal hypertension
to blood loss and RBC transfusion requirements in OLT. Established serum markers for
portal hypertension, VWF and soluble CD163 (sCD163), were measured in preoperatively
collected serum samples of 168 adult patients undergoing primary OLT between 1998
and 2012. Levels of VWF and sCD163 correlated with model of end-stage liver disease
(MELD) score (r 0.414; p<0.001 and r 0.382; p<0.001, respectively). Patients with VWF or
sCD163 levels above the median had significantly increased blood loss and were more
likely to receive RBCs compared to patients with low VWF or sCD163 serum levels (odds
ratio 3.450 [95% CI 1.703-6.99] and 2.276 [95% CI 1.146-4.519] respectively). Patients
with the combination of high VWF and high preoperative INR had the highest amount
of blood loss and RBC transfusion during OLT. These results indicate that portal hypertension is a significant contributor to blood loss and RBC transfusion during OLT, and
emphasize the importance of adequate hemodynamic management during OLT.
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In Chapter 9 we discuss and summarize evidence for a hypercoagulable state in the
liver transplant recipient. While the hemostatic status of the patients with chronic liver
disease and the patient during and directly after OLT has been studied and described,
very little is known of the long-term hemostatic status of the liver transplant recipient.
Complications such as the postoperative hepatic artery thrombosis have mainly been
ascribed to technical difficulties during OLT. However, there is laboratory evidence for a
contribution by a hypercoagulable hemostatic system including high levels of the platelet adhesive protein von Willebrand factor with low levels of its regulator ADAMTS13,
an increased potential to generate thrombin, and a temporary hypofibrinolysis (3,9-11).
Clinical evidence for the contribution of the hemostatic system in postoperative thrombosis includes a higher risk for deep venous thrombosis and cardiovascular disease,
and death due to cardiovascular disease in patients with various acquired thrombotic
risk factors after OLT (12-15). Although data on efficacy of anticoagulant therapy after
liver transplantation are scarce, one study has shown a tremendous decrease in the risk
for late hepatic artery thrombosis after antithrombotic therapy with aspirin (16). These
findings suggest that antihemostatic therapy in prevention or treatment of thromboembolic complications after liver transplantation may be relevant. Studies on efficacy and
safety of these interventions are required as many of the thrombotic complications have
a pronounced negative impact on graft and patient survival.
Chapter 10 describes a study that investigated the hemostatic status of the liver
transplant recipient one year after OLT. We aimed to determine whether liver transplant
recipients have a hypercoagulable hemostasis that could (partially) explain the increased
incidence of vascular complications both early and late after OLT. Indices of hemostasis
were measured in plasma from 15 liver transplant recipients one year after OLT with normal liver function and no evidence of disease recurrence, and in plasma from 30 healthy
volunteers. Patients one year after liver transplantation had significantly elevated
plasma levels of VWF. Thrombin generation, as assessed by the endogenous thrombin
potential, was decreased in patients, which was associated with increased plasma levels
of the natural anticoagulants antithrombin and tissue factor pathway inhibitor. Plasma
fibrinolytic potential was significantly decreased in patients and correlated inversely
with levels of plasminogen activator inhibitor-1. These results demonstrate that one year
after liver transplantation, liver transplant recipients have a dysregulated hemostatic
system characterized by elevation of plasma levels of endothelial-derived (but not of
liver-derived) proteins. Increased levels of VWF and decreased fibrinolytic potential may
(in part) be responsible for the increased risk for vascular disease seen in liver transplant
recipients.
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THE CHALLENGES FOR ANTICOAGULANT THERAPY IN CIRRHOTIC PATIENTS
Due to the perceived bleeding risk in patients with cirrhosis anticoagulant therapy is
often withheld. While bleeding in patients with cirrhosis remains a point of concern,
there is increasing awareness that thrombotic complications occur frequently as well.
Patient with cirrhosis are not protected from thromboembolic complications and several studies have demonstrated a higher risk for venous thromboembolism in cirrhotic
patients compared to non-cirrhotic patients (1-3). Cirrhotic patients awaiting orthotopic
liver transplantation (OLT) have a high risk of developing portal vein thrombosis. Those
patients who develop portal vein thrombosis prior to transplantation have an increased
risk of postoperative hepatic artery thrombosis and an overall worsened outcome after
liver transplantation (4). Moreover, laboratory studies show concomitant alterations in
both pro and anticoagulant proteins in cirrhosis and thrombin generation in cirrhotic
patients and patients undergoing OLT appears to be normal of even increased compared to healthy controls (5,6). Besides thromboembolic events, the hemostatic system
may also be involved in progression of liver disease. Thrombin, a key pro-coagulant
protein, has been implicated in progression of liver fibrosis (7), and a recently published
study showed that aspirin reduced progression of liver fibrosis in liver transplant recipients with hepatitis C virus (HCV) (8). Currently, anticoagulants are used therapeutically
in cirrhotic patients when thromboembolic complications occur, such as portal vein
thrombosis. With the increasing awareness of the risk of thrombotic complications in
patients with cirrhosis, the next step could be prophylactic use of anticoagulant drugs.
Experience and research on the use of anticoagulant drugs to prevent thrombotic
complications in cirrhotic patients is scarce. One published randomized controlled trial
reports a decrease in the prevalence of portal vein thrombosis, decompensation events,
and mortality in cirrhotic patients using enoxaparin while awaiting liver transplantation
(4). In this single study, no adverse effects of the anticoagulant therapy were found. If the
results of this study and the prior mentioned study, showing a correlation between progression of fibrosis and aspirin therapy, can be reproduced, they would have profound
implications for the management of patients with liver disease. Besides prevention and
treatment of thromboembolic complications in high risk patients, anticoagulant therapy
may be beneficial in all patients with cirrhosis to delay disease progression.
Results from our study described in Chapter 3 indicate that patient with cirrhosis may
require drug specific dose adjustments due to altered pharmacokinetics and altered
anticoagulant potency. Monitoring of anticoagulant therapy provides an additional
challenge in patients with cirrhosis. Monitoring of anticoagulant therapy in patients
without a compromised liver function is essential for some anticoagulant drugs such as
unfractionated heparin (UFH) and vitamin K antagonist (VKA) to prevent bleeding complications. VKA therapy requires monitoring of the international normalized ratio (INR).
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In patients with cirrhosis the international normalized ratio (INR) is already prolonged
due to decreased synthetic capacity of procoagulant proteins by the liver. The desired
therapeutic range is thus difficult to determine. In addition, prolongation of INR during
VKA treatment may be related to worsening of liver function rather than VKA therapy or
vice versa. While some anticoagulants, such as low molecular weight heparins (LMWH)
or fondaparinux, do not require monitoring in the average patient population, monitoring in patients with cirrhosis may be required because of the altered pharmacokinetics
and anticoagulant potency as described in Chapter 3.
In Chapter 4 we demonstrated decreased recovery of antithrombin (AT)-dependent
anticoagulants when assessed by anti-Xa assays, probably related to the AT deficiency
seen in cirrhosis. Also in contrast to the anti-Xa assays, when anticoagulant potency of
UFH (an AT dependent anticoagulant) was assessed by activated partial thromboplastin
time (APTT), patients with cirrhosis showed an increased response to UFH. While the
anti-Xa assays indicate a decreased response to AT-dependent anticoagulant drugs, the
APTT indicates an increased response. In Chapter 3 the anticoagulant potency was tested
using thrombin generation assays and an increased anticoagulant response was found
after addition of dabigatran, UFH and LMWH in plasma from patient with cirrhosis. Thus,
dose monitoring of AT-dependent drugs by anti-Xa assays is not reliable and thrombin
generation assays may provide a more accurate estimation of the anticoagulant potency
of various anticoagulant drugs. However, these novel tests are not available in routine
diagnostic laboratories, which makes it difficult to adequately monitor anticoagulant
treatment.
Despite the concomitant pro- and anticoagulant changes in the hemostasis, the
bleeding risk in cirrhotic patients must not be neglected when strategizing anticoagulant treatment. Due to the altered drug response and misleading monitoring assays,
anticoagulant therapy in patients with cirrhosis may lead to substantial bleeding, especially in the presence of portal hypertension with gastroesophageal varices, or during
invasive procedures. In addition, the lack of reversal drugs for the oral anticoagulants
provides an additional challenge. Studies in cardiac patients have shown increased risk
for gastrointestinal bleeding in patients receiving dabigatran or rivaroxaban (9). Patients
with cirrhosis already exhibit a high risk of gastrointestinal variceal bleeding due to
portal hypertension. Further studies are needed on the monitoring, efficacy and safety
of heparins, VKA and new oral anticoagulant drugs to establish appropriate dosage for
patients with various degrees of cirrhosis.
In the meantime, the benefits of careful initiation of prophylactic anticoagulant treatment in selected patients may outweigh the bleeding risks. For example, rivaroxaban
and apixaban have a decreased anticoagulant potency in patients with cirrhosis (10)
but can be adequately monitored by anti Xa assays and thus are not likely to instigate
dose escalations and subsequent bleeding. Initial clinical results indeed suggest these
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drugs to be safe in patients with cirrhosis (11). AT-dependent anticoagulants such as
fondaparinux may be used in patients with mild liver disease (e.g. Child Pugh A) in
whom the liver function is not significantly compromised. LMWH is widely used in
patients with cirrhosis and portal vein thrombosis (PVT), and despite the increased in
vitro anticoagulant potency (Chapter 3) and inadequate monitoring by anti-Xa assays
(Chapter 4) LMWH appears to be safe, even in patient with advanced cirrhosis (4,12-14).
Even though thrombin generation assays are not part of routine laboratory assays, they
are available in state of the art laboratories and should be considered to monitor efficacy
and safety in patients with anticoagulant therapy. While patient with cirrhosis have a
decreased platelet count and functional platelet defects have been described, the
increased levels of von Willebrand factor (VWF) with low levels of ADAMTS-13 support
normal platelet adhesion. Aspirin therapy may therefore be effective in preventing or
reducing cardiovascular disease and hepatic artery thrombosis (15-17). A recently published retrospective study evaluated several variables in their role in disease progression
in liver transplant recipients with HCV. In the multivariate analysis, younger patients
and aspirin therapy were associated with reduced progression of liver fibrosis (8). The
increased risk for variceal bleeding however must be taken into consideration before
selecting patients for aspirin therapy (18). In patients with established gastroesophageal
varices, the risk of bleeding may outweigh the benefits. While anticoagulant drugs such
as LMWH may be a safer alternative, the efficacy of LMWH in reducing cardiovascular
complications has not been established.
The choice of anticoagulant therapy should depend on patient specific variables such
as type and severity of liver disease, previous or current thromboembolic- as well as
bleeding complications and planned invasive procedures.

ANTICOAGULANT THERAPY FOR LIVER TRANSPLANT RECIPIENTS
Bleeding as well as thrombotic complications are seen after OLT and there is ongoing
debate on the risks and benefits of anticoagulant therapy for liver transplant recipient.
In part C of this thesis laboratory and clinical evidence for hypercoagulability in the liver
transplant recipient has been summarized. Also, a hypercoagulable status was demonstrated in patients one year after OLT.
There are concerns about the safety of anticoagulant therapy due to the prolonged INR
in patients with liver disease and severe bleeding during and sometimes directly after
OLT (19). It has been established however, that the INR in patients with liver disease does
not adequately represent the hemostatic status and fails to predict blood loss during
invasive procedures (20, 21). Despite prolonged conventional coagulation test such as
the INR, the hemostatic ability in cirrhotic patients appears to be intact when tested by
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thrombin generation assays (5). Major bleeding complications prompting re-operation
and blood transfusion are more likely to be related to the technical difficulties or malfunction (such as anastomotic leakage) rather than hypocoagulability. In fact, thrombin
generation assays during and directly after OLT have indicated a hypercoagulable status
(6). Since liver function restores within days after OLT, synthesis of hemostatic proteins
and clearance of anticoagulant drugs is no longer compromised. Thus there is no argument to withhold anticoagulant therapy unless facing a bleeding episode as in general
surgery patients.
It is well known that patients after OLT are at increased risk for vascular complications such as the HAT. Several studies have shown that in the long term liver transplant
recipients have an increased risk for vascular complications and death due to vascular
disease (22, 23). The increased risks for vascular disease is presumably related to metabolic disease (such as hypertension, diabetes mellitus, dyslipedemia) and endothelial
dysfunction, caused by the use of immunosuppressive drugs (24-28). With increasing
long term survival of liver transplant recipients, the prevention of long term morbidity
and mortality related to vascular disease may further improve survival and quality of life
in this patient population. Liver synthetic function early after OLT might still be compromised and thus caution is warranted to prevent dose escalations and (aggravation
of ) postoperative bleeding. Very little is known about the efficacy and safety of anticoagulant drugs in this period of time. A recently published cross-sectional study has
reported a lower incidence of early HAT and early HAT leading to graft loss in patients
that received early postoperative aspirin therapy compared to patients that did not (29).
Besides prevention of HAT, aspirin may have a place in reducing disease progression in
liver transplant recipients with disease recurrence (8). Aspirin has been proven effective
in reducing late postoperative HAT as well and may therefor also be effective in reducing
other long-term cardiovascular complications (16, 17). After restoration of liver function and platelet numbers, there is no reason to assume a higher bleeding risk in liver
transplant recipient using aspirin compared to general patients with an unfavorable
cardiovascular risk profile. While there is no data available on the efficacy and safety of
LMWH, VKA or new oral anticoagulant drugs in liver transplant recipients, patients with
adequate liver function will probably not face the same monitoring and dose related
challenges as patients with liver disease. Results from the general patient population
may apply in liver transplant recipients, but this has not been established yet.
Similar to cirrhotic patients, anticoagulant therapy in the liver transplant recipients
needs to be patient specific and dependent on the surgical procedure, the liver function
and other (preexisting) conditions related to thromboembolic- or bleeding complications.
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STRATEGIES TO FURTHER REDUCE BLEEDING COMPLICATIONS IN CIRRHOSIS
AND DURING LIVER TRANSPLANTATION
Blood loss during liver transplantation has reduced significantly in past decades but
increased morbidity and mortality associated with transfusion of blood products during
OLT warrants further transfusion reducing strategies. Blood loss during OLT is multifactorial and thus the approach in further reducing blood loss and transfusion requirements
must target several factors.
Portal hypertension has been identified as a main contributor to blood loss during
OLT. Many centers nowadays uphold a restrictive transfusion policy and monitor central
venous pressure during OLT. Some centers even perform phlebotomy to reduce central
venous and portal venous pressure, and one center has shown a correlation between
phlebotomy and transfusion- free OLT (30-32). Also patients with end stage liver disease
awaiting OLT are frequently treated with beta-blockers to lower portal pressure and
reduce ascites formation. Our data as described in Chapter 7 indicates that volume and
pressure restriction prior to and during OLT may be beneficial in preventing blood loss
during OLT, and elevation of portal pressure by transfusion of blood products may be
counterproductive. Prospective clinical studies are still needed to establish the role of
portal hypertension in endothelial dysfunction and bleeding complications in cirrhotic
patients and patients undergoing OLT.
Hyperfibrinolysis occurring in the anhepatic and post-reperfusion phase is also considered to be a contributor to blood loss in patients undergoing liver transplantation
(33). Release of tissue-plasminogen activator (tPA) from the donor graft into the recipient’s circulation upon reperfusion can initiate fibrinolysis, which can lead to significant
bleeding and subsequent transfusion requirements. Antifibrinolytic drugs can reduce
hyperfibrinolysis during OLT and are used by many liver transplant centers. As explained
in Chapter 6, the withdrawal of prophylactic administration of the antifibrinolytic drug
aprotinin during OLT may have been premature. After the discontinuation of aprotinin,
our center switched to an ad hoc use of tranexamic acid (another antifibrinolytic drug) in
patients with ongoing bleeding during OLT and hyperfibrinolysis on thromboelastography (TEG). Prophylactic antifibrinolytic therapy was seized due to the raised awareness
for thromboembolic complications. Studies conducted in the field of OLT showed that
both aprotinin and tranexamic acid are effective in reducing blood loss and transfusion
requirements during OLT, without increased risk for thromboembolic complications (3440). Since the discontinuation of aprotinin and thus the switch from prophylactic antifibrinolytic treatment to an ad hoc antifibrinolytic treatment, the need for red blood cell
transfusion (RBC) and the number of RBC units transfused during OLT have significantly
increased. Reintroduction of prophylactic antifibrinolytic therapy in selected patients
groups may further reduce blood loss and transfusion requirements during OLT.
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While previously the deficiency of procoagulant proteins was presumed as the main
contributor to blood loss during OLT, procoagulant drugs have not shown to be effective
in reducing blood loss. The relative high volume of fresh frozen plasma (FFP) with the
low content of hemostatic factors is presumed to aggravate portal hypertension and
thus adversely increase the bleeding risk. Also, transfusion of the isolated recombinant
FVIIa has not been proven effective (41, 42).
As patients with cirrhosis exhibit both pro-and anticoagulant deficiencies in combination with a vulnerable hyperdynamic circulation due to portal hypertension, prothrombin complex concentrates (PCC) might be more effective in strengthening both sides of
the hemostatic axis without aggravating portal hypertension or increasing the risk for
thromboembolic complications. Up till now, no prospective clinical studies have investigated the hemostatic efficacy and safety of PCC in OLT. Despite the fact that PCC also
contains anticoagulant proteins, patients must be monitored closely for the occurrence
of thromboembolic complications. The consequences of complications such as the HAT
may outweigh the benefits of further reducing blood loss. Therefore, in the designed
study as described in Chapter 8, patients with current or previous thromboembolic
events/disease, as well as patients with signs of hypercoagulability on preoperative TEG,
are excluded from participation. Other possible challenges for PCC may be the fact that
patients with liver disease have altered pharmacokinetics and dose adjustment may
also be required dependent on the severity of liver disease. Also hemodynamic changes
(e.g. fluid transfusion and ascites) may lead to loss of the infused product as previously
has been demonstrated for recombinant FVIIa infusion during OLT (41). In case that no
significant hemostatic effect is found, the in vitro effect of PCC on thrombin generation
and dose-finding studies may be required before PCC are excluded as a possible option
for hemostatic management during OLT.
Another low-volume product of interest in the field of OLT is fibrinogen concentrate.
This prohemostatic protein has frequently been used during OLT by some centers for
several years now. Fibrinogen concentrate is often administered in the anhepatic and/or
reperfusion phase and is frequently guided by the clinical picture and TEG or rotational
thromboelastometry (ROTEM)-parameters. Data on the efficacy and safety of fibrinogen
in OLT scare. One group reported a reduction in need for RBC transfusion and amount
of RBC, FFP, and platelet transfusion after starting with a ROTEM-based algorithm for
fibrinogen transfusion in patients undergoing OLT (43). Prior to this algorithm no fibrinogen was used during OLT. A RCT comparing ROTEM-guided fibrinogen transfusion
to a conventional transfusion protocol, which dictated fibrinogen transfusion in case
of bleeding exceeding 60-70 ml/kg, reported no efficacy of ROTEM guided fibrinogen
transfusion in reducing blood loss during OLT (44). However, the study groups were
relatively small and there was no significant difference in the amount of fibrinogen
transfused between the two groups. Recently, a study using an ROTEM-based algorithm
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to decide for fibrinogen transfusion reported no increase in thromboembolic complications in patients receiving fibrinogen concentrate during OLT compared to patients
that did not receive fibrinogen concentrate (45). More studies are needed to adequately
assess safety and efficacy of the administration of fibrinogen concentrates in OLT.
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Veranderingen in de hemostase komen vaak voor in patiënten met een gevorderde
chronische leverziekte. Als gevolg van deze veranderingen kunnen patiënten met chronische leverziekten zowel bloedings- als trombotische complicaties ontwikkelen (1).
Het doel van dit proefschrift was het onderzoeken en beschrijven van de hemostase in
patiënten met chronische leverziekte voor, tijdens en na orthotope lever transplantatie
(OLT), en het verschaffen van inzicht in bekende en nieuwe hemostatische medicatie die
behulpzaam kan zijn in het verminderen van morbiditeit en mortaliteit gerelateerd aan
de hemostatische verstoringen in deze patiënten.
Hoofdstuk 1 geeft een algemene introductie voor dit proefschrift inclusief de achtergronden en doelen van de verschillende hoofdstukken.
Hoofdstuk 2 beschrijft het effect van een enkele intraveneuze bolus van 1-deamino8-D-arginine vasopressine (DDAVP) op hemostatische parameters in plasma van patiënten met cirrose en hemofilie. Het doel van deze studie was onderzoeken of een enkele
bolus van DDAVP enig prohemostatisch effect zou hebben in het plasma van patiënten
met cirrose, die de hemostatische effectiviteit beschreven in enkele klinische studies
zou kunnen verklaren. Patiënten met Child Pugh B en C cirrose en patiënten met milde
hemofilie kregen een enkele intraveneuze bolus van DDAVP. Vóór de toediening van de
bolus, en op enkele tijdspunten na, werden plasma monsters afgenomen. In de plasma
monsters werden de plasma spiegels van Von Willebrand factor (VWF), VWF propeptide,
Factor VIII (FVIII), en ADAMTS13 gemeten. In de monsters vóór en 1 uur na toediening van
DDAVP, werden de waardes van VWF multimeren en de functionele VWF-afhankelijke
trombocyten adhesie gemeten. Waardes van VWF, VWF propeptide en FVIII namen toe
in patiënten met hemofilie na DDAVP toediening, terwijl in patiënten met cirrose alleen
de VWF Propeptide en FVIII waardes toenamen, hoewel de toename in FVIII waarde geen
statistische significantie bereikte. De proporties van de hoog moleculaire gewicht VWF
multimeren en de VWF-afhankelijke trombocyten adhesie 1 uur na DDAVP toediening
waren toegenomen in patiënten met hemofilie, maar bleven onveranderd in patiënten
met cirrose. ADAMTS13 waardes waren onveranderd in beide groepen. Hoewel DDAVP
door sommige centra profylactisch wordt gebruikt om bloeding complicaties tijdens invasieve ingrepen in patiënten met cirrose te voorkomen, laat onze studie geen relevant
hemostatisch effect zien van DDAVP in patiënten met cirrose en betwist het daarmee
het gebruik van DDAVP als prohemostatisch middel in deze patiënten.
Hoofdstuk 3 beschrijft een studie met als doel te onderzoeken of anticoagulante
medicatie in patiënten met cirrose een andere werkingskracht heeft in vergelijking tot
de gezonde controlegroep, en of aanpassingen in doseringen nodig zijn voor patiënten
met cirrose. In plasma afgenomen van beide groepen werden trombine generatie testen
verricht vóór en na toevoeging van ongefractioneerde heparine (UFH), laag moleculair
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gewicht heparine (LMWH), fondaparinux, dabigatran en rivaroxaban. Er werd een sterk
toegenomen anticoagulante effect gevonden in patiënten met cirrose na toevoeging
van de directe trombine remmer dabigatran (72.6% reductie in de endogene trombine
potentiaal in patiënten, vergeleken met 12.8% reductie in de controle groep). De verhoogde anticoagulante werking van dabigatran was proportioneel aan de ernst van
leverziekte. UFH en LMWH hadden ook een versterkte anticoagulante effect in patiënten
met cirrose in vergelijking tot de controle groep, hoewel dit verschil minder groot was.
Fondaparinux en rivaroxaban hadden weer een verminderde anticoagulante effect in
patiënten met cirrose in vergelijking met de controlegroep. Deze bevindingen laten zien
dat het anticoagulante effect van verschillende klinisch goedgekeurde middelen significant kan verschillen tussen patiënten met leverziekte en gezonde individuen, en ook
dat het effect kan verschillen in verschillende subgroepen van patiënten. Aanpassingen
in doseringen per middel kunnen nodig zijn in patiënten met cirrose als gevolg van de
veranderde farmacokinetiek en het veranderde anticoagulante effect.
Hoofdstuk 4 beschrijft een studie waarin we de betrouwbaarheid onderzoeken van
anti-Xa testen in het monitoren van antitrombine (AT-) afhankelijke en –onafhankelijke
anticoagulante medicatie in plasma van patiënten met cirrose. In plasma van patiënten
met cirrose en in plasma van een gezonde controlegroep werden anti-Xa waardes
gemeten na in vitro toevoeging van een vaste concentratie van verschillende anticoagulante medicatie. Er werd een substantiële afname gevonden in anti-Xa waardes
als AT-afhankelijke anticoagulante medicatie werd toegevoegd aan het plasma van
patiënten met cirrose in vergelijking tot de controlegroep. Van LMWH (0·2 U/ml) werd
met een anti-Xa test maar iets meer dan de helft aangetoond in plasma van patiënten
met cirrose (0.13 ± 0·06 U/ml, vergeleken met 0.23 ± 0·03 U/ml in de controlegroep
(p < 0.0001), terwijl de gemeten waarden van UFH en fondaparinux iets dichter bij de
werkelijk toegevoegde waarde lagen. De plasmaspiegels van rivaroxaban en dabigatran
die met anti-Xa of anti-IIa testen werd teruggevonden waren gelijk in de patiëntengroep
en controlegroep. Deze data suggereren dat de anti-Xa testen de medicatie waardes van
AT-afhankelijke anticoagulante medicatie substantieel onderschatten in patiënten met
cirrose. Directe factor Xa en IIa remmers, kunnen wel accuraat gemonitord worden door
de anti-Xa en anti-IIa testen in patiënten met cirrose.
Bloedverlies tijdens levertransplantatie is afhankelijk van meerdere factoren waaronder de chirurgische techniek, patiënten karakteristieken als eerdere buikoperatie en
type leverziekte (inclusief de ernst van de stoornis in hemostase en portale hypertensie),
als ook het anesthesiologische beleid tijdens de transplantatie. In Hoofdstuk 5 worden
oorzaken van bloedingen tijdens levertransplantatie, strategieën voor preventie van
bloedverlies, en de behandelmogelijkheden besproken. Ondanks de verhoogde protrombine tijd (PT) en het verlaagde trombocyten aantal, komt er steeds meer bewijs
voor een nieuw balans in het hemostatische systeem in patiënten met een chronische
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leverziekte. Tijdens levertransplantatie lijkt het erop dat het hemostatische systeem in
balans blijft wanneer deze met geavanceerde laboratorium testen wordt onderzocht
(2,3). Klinische ervaring suggereert dat portale hypertensie, een vocht overschot en een
hyperdynamische circulatie belangrijkere determinanten zijn voor bloeding dan een
disfunctioneel hemostatisch systeem. Volume contractie, welke bereikt wordt door een
restrictief transfusiebeleid, zal daarom cruciaal zijn in het verminderen van bloedverlies tijdens levertransplantatie, en de preoperatieve correctie van PT en verminderde
trombocyten met bloed producten met een hoog volume kan averechts werken (4-7).
Transfusie van bloedproducten verhoogt ook significant de morbiditeit en mortaliteit in
patiënten die OLT ondergaan (8). Tijdens OLT kan ‘on-demand’ gebruik van antifibrinolytica worden overwogen, vooral indien er bewijs is voor hyperfibrinolyse op de tromboelastograaf in de aanwezigheid van voortdurende bloeding. Ook kan het gebruik van
recombinant FVIIa overwogen worden, hoewel er weinig data zijn over de effectiviteit
en veiligheid. Additionele studies over de optimale management van onhandelbare
bloeding tijdens levertransplantatie zijn nodig.
Hoofdstuk 6 beschrijft een studie waarin het effect van het discontinueren van aprotinine op bloedverlies en transfusie behoefte tijdens OLT onderzocht werd. Van 2000 tot
2007 was aprotinine het middel van keuze in het Universitair Medisch Centrum Groningen en werd het profylactisch gebruikt in de meeste patiënten die OLT ondergingen.
Wegens zorgen om de veiligheid van het middel in de cardiale chirurgie werd aprotinine
gediscontinueerd in 2007 en vanaf toen werd er nauwelijks antifibrinolytische medicatie
gebruikt voor of tijdens OLT. In deze studie werd data uit het aprotinine tijdperk (20002007) en het post-aprotinine tijdperk (2007-2013) geanalyseerd om te bepalen of het
discontinueren van aprotinine had geleid tot een toename van bloedverlies en transfusie van rode bloedcellen (RBC) tijdens OLT. De proportie van patiënten zonder enige
RBC transfusie nam af van 39% in het aprotinine tijdperk naar 21% in het post-aprotinine
tijdperk (p<0.001). De mediane hoeveelheid RBC transfusie nam toe van 2 (IQR 0-6)
eenheden in het aprotinine tijdperk naar 4 (IQR 1-9) eenheden in het post-aprotinine
tijdperk (p<0.001). In een multivariabele logistische regressie analyse was de behoefte
voor RBC transfusie significant hoger in patiënten die geen aprotinine kregen tijdens
OLT vergeleken met patiënten die wel aprotinine kregen. Deze resultaten benadrukken
de rol van hyperfibrinolyse in bloedverlies tijdens OLT en pleiten voor verder onderzoek
en heroverweging van profylactisch gebruik van aprotinine of andere antifibrinolytische
medicatie in patiënten die OLT ondergaan.
Hoofdstuk 7 beschrijft het protocol van een lopend multicentrum gerandomiseerde
studie met controlegroep die de hemostatische effectiviteit van protrombine complex
concentraat (PCC) onderzoekt. Omdat PCC een laag volume product is dat zowel pro- en
anticoagulante eiwitten bevat, kan PCC behulpzaam zijn in het reduceren van bloedverlies tijdens OLT door het versterken van beide kanten van de hemostatische as, zonder

207

Nederlandse samenvatting

risico op het verergeren van portale hypertensie. De eerste resultaten worden verwacht
in het eerste kwartaal van 2017.
Hoofdstuk 8 beschrijft een studie die de bijdrage van portale hypertensie aan
bloedverlies en RBC transfusie behoefte tijdens OLT onderzocht. Bevestigde markers
voor portale hypertensie, VWF en oplosbaar CD163 (sCD163), werden gemeten in
preoperatief afgenomen serum monsters van 168 volwassen patiënten die een eerste
OLT ondergingen tussen 1998 en 2012. VWS en sCD163 waardes correleerden met de
model-van-eindstadium leverziekte (MELD)-score (r 0.414; p<0.001 en r 0.382; p<0.001
respectievelijk). Patiënten met VWF of sCD163 waardes boven de mediaan hadden
significant meer bloedverlies en hadden een grotere kans op RBC transfusie vergeleken
met patiënten met lage VWF of sCD163 serum waardes (odds ratio 3.450 (95% CI 1.7036.9) en 2.276 (95% CI 1.146-4.519) respectievelijk). Patiënten met de combinatie van
hoge VWF waardes en hoge preoperatieve INR hadden het meeste bloedverlies en de
meeste RBC transfusie tijdens OLT. Deze resultaten suggereren dat portale hypertensie
een significante contributie levert aan bloedverlies en RBC transfusie tijdens OLT, en
benadrukken het belang van adequate hemodynamische management tijdens OLT.
In Hoofdstuk 9 wordt bewijs voor een hypercoagulabele status in de lever transplantatie ontvanger besproken en samengevat. Terwijl de hemostatische status van de
patiënt met chronische leverziekte en de patiënt tijdens en direct na OLT bestudeerd
en beschreven is, is er weinig bekend over de hemostatische status van de lever transplantatie ontvanger op lange termijn. Complicaties als de postoperatieve trombose van
de leverarterie zijn vooral toegeschreven aan technische problemen tijdens OLT. Echter,
er is laboratorium bewijs voor een bijdrage van een hypercoagulabele hemostatische
systeem, waaronder hoge waardes van het trombocyt adhesieve eiwit Von Willebrand
factor en lage waardes van zijn regulator ADAMTS13, een verhoogde potentiaal tot trombinegeneratie, en een tijdelijke hyperfibrinolyse (3,9-11). Er is ook klinische bewijs voor
een bijdrage van het hemostatische systeem aan postoperatieve trombose, waaronder
een hoger risico voor diep veneuze trombose en cardiovasculaire ziekten en dood door
cardiovasculaire ziekten in patiënten met verschillende verworven trombotische risico
factoren na OLT (12-15). Hoewel er weinig data zijn over de effectiviteit van anticoagulante medicatie na levertransplantatie, heeft één studie een grote afname in het risico
voor late leverarterie trombose aangetoond na antitrombotische therapie met aspirine
(16). Deze bevinding suggereert dat antihemostatische medicatie van belang kan zijn
voor de preventie en behandeling van trombotische complicaties na levertransplantatie.
Gezien het negatieve effect van trombotische complicaties op transplantaat- en patiënt
overleving, zijn studies over de effectiviteit en veiligheid van deze interventies vereist.
Hoofdstuk 10 beschrijft een studie dat de hemostatische status van de levertransplantatie ontvanger één jaar na OLT onderzocht. Het doel was te onderzoeken of
levertransplantatie ontvangers een hypercoagulabele hemostase hebben, die de
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verhoogde incidentie van vasculaire complicaties zowel vroeg als laat na OLT (gedeeltelijk) kan verklaren. In plasma van 30 gezonde vrijwilligers en 15 levertransplantatie
ontvangers één jaar na OLT, met een normale leverfunctie en geen aanwijzingen voor
ziekte recidief, werden plasma spiegels van hemostatische eiwitten en markers voor
hemostase activatie gemeten. Patiënten één jaar na levertransplantatie hadden significant verhoogde plasma waardes van VWF. Trombine generatie, weergegeven door
de endogene trombone potentiaal, was verminderd in de patiënten, wat geassocieerd
was aan verhoogde waardes van de natuurlijke anticoagulantia antitrombine en tissue
factor pathway inhibitor. De fibrinolytische potentiaal in het plasma was significant verminderd in de patiënten en correleerde invers met waardes van plasminogen activator
inhibitor-1. Deze resultaten demonstreren dat één jaar na levertransplantatie, de lever
transplantatie ontvangers een ontregeld hemostatisch systeem hebben gekenmerkt
door verhoogde plasma waardes van eiwitten afkomstig uit het endotheel (maar niet
uit de lever). Verhoogde waardes van VWF en een verminderde fibrinolytisch potentiaal
kunnen (gedeeltelijk) verantwoordelijk zijn voor het verhoogde risico op vasculaire
ziekten in levertransplantatie ontvangers.
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Een proefschrift is niet af zonder een dankwoord. Promoveren vereist naast wetenschappelijk inzicht en doorzettingsvermogen namelijk ook begeleiding en steun van anderen.
Graag wil ik de vele mensen bedanken die hebben bijgedragen aan dit proefschrift.
Prof. dr. R.J. Porte, beste Robert, ik herinner me nog mijn sollicitatiegesprek bij jou op
kantoor in 2010. Ik was net een paar maanden ANIOS Heelkunde in Zwolle en had gesolliciteerd voor een promotietraject bij de ‘crème de la crème’ van de chirurgie in het hoge
noorden. Tot mijn verrukking werd ik door jou aangenomen maar om daadwerkelijk te
starten met voltijd onderzoek moest ik nog even wachten op de nodige financiën. Aan
motivatie ontbrak het me niet, maar ik heb in het begin wel geworsteld om mij aan te
passen en mijn plek te vinden in Groningen. Werken in de academie na slechts enkele
maanden ervaring verliep niet geheel zonder problemen. In de lange en soms zware tijd
die volgde heb je me goed begeleid. Het is mede het vertrouwen dat je de afgelopen
jaren in mij hebt gehad dat er voor heeft gezorgd dat ik heb doorgezet en ik ontzettend
heb kunnen groeien. Ik wil je hartelijk bedanken voor alles wat je voor me hebt gedaan.
Hoewel ik erg blij ben dat het traject nu tot einde komt, zal ik onze samenwerking missen.
Prof. dr. T. Lisman, beste Ton, wat had ik gedaan zonder jou? Je hebt mij uitstekend
begeleid in het wetenschappelijk redeneren, met nieuwe ideeën voor studies, en met
het schrijven van de vele artikelen. Vooral aan het eind heb je mij ontzettend geholpen
en gemotiveerd door de vliegensvlugge revisies en antwoorden op mijn vragen. Zonder
jou was dit proefschrift niet afgekomen. Ik ben je eeuwig dankbaar!
Dr. M.T. de Boer, beste Marieke. In een mannenwereld heb jij met elegantie, power,
intellect en een goede dosis humor een plekje weten te veroveren. Daarmee ben je
een voorbeeld voor vele jonge vrouwelijke artsen. Ik ben je dankbaar voor je input en
begeleiding. Ik ben vereerd om jou als mijn copromotor te hebben.
Beste leden van de leescommissie: Prof. dr. J. Pirenne, prof. dr. A.G.M.A. de Smet
en prof. dr. K. Meijer. Hartelijk dank voor het grondig nakijken en beoordelen van dit
proefschrift. Beste Jacques, hartelijk dank voor u vriendelijke en steunende woorden de
afgelopen jaren en de prettige samenwerking bij het opstarten van de PROTON-studie.
Drs. R.J. Pierik, beste Robert, wat een mazzel dat ik jou heb mogen treffen in het leven.
Ik solliciteerde in 2010 bij de jou als de ‘opleider van het jaar’ bij de afdeling Heelkunde
in de Isala klinieken en mocht vrijwel direct starten. Vanaf het begin heb je in mij geloofd
en heb je mij onvoorwaardelijk gesteund. Jij bent dan ook degene die mij heeft aanbevolen voor een promotietraject bij Prof. dr. R. J. Porte. Ondanks het feit dat ik al snel

221

Dankwoord

de Isala klinieken verruilde voor het UMCG ben je mij niet uit het oog verloren. Je hebt
mij altijd een luisterend oor en eerlijke adviezen geboden, maar ook een waardevolle vriendschap waarbij ik mezelf kon zijn. Ik heb heel veel bewondering voor je integriteit en
de passie waarmee jij je inzet voor zaken en mensen waarin je gelooft. Ik wil je hartelijk
bedanken voor alles wat je voor me hebt gedaan en ik hoop nog lang van je vriendschap
te mogen genieten.
Drs. M. Mahajan en Drs. C. J. Verhoeven. Vereerd en trots ben ik om jullie aan mijn zijde
te hebben tijdens mijn verdediging. Lieve Manchu. In de relatief korte tijd dat we elkaar
kennen hebben we een hartverwarmende vriendschap ontwikkeld. Je onverwoestbaar
positieve houding, geduld, en managing skills hebben ervoor gezorgd dat ik mij een
stuk veiliger heb gevoeld tijdens de laatste voorbereidingen voor mijn promotie. Ik wil
je bedanken voor je steun, je adviezen in tijden van frustratie, en je super aanstekelijke
schaterlach! Lieve Renée. Ik kwam in 2014 last minute in jou appartement wonen toen jij
voor je co-schappen in Goes zat. Super fijn gezien de kruipafstand naar het EMC waar ik
destijds werkte. Ook in de weekenden deelde je probleemloos je appartment en indien
nodig zelf je bed met mij!! In de tijd erna heb ik je leren kennen als een ontzettend lieve,
sympathieke en ambitieuze jonge vrouw met geen greintje kwaad wil of zelfzuchtigheid.
De discipline waarmee jij aan je promotie hebt gewerkt heeft mij ook gemotiveerd om
door te zetten. Je hebt in korte tijd erg veel respect en vertrouwen van mij weten te
winnen en ik wil je hartelijk bedanken voor je steun en vriendschap.
Mijn dank gaat uit naar Sanquin Plasma Products voor de beurs waarmee ik als voltijd
onderzoeker kon beginnen aan de PROTON-studie en aan mijn promotietraject. Dr. R.
van Beem en dr. P. Strengers, bedankt voor de samenwerking en ondersteuning.
Dear fellow researchers of the PROTON-study: Prof. dr. B. Ickx, drs. W. Polak, dr. F.
Grüne, Prof. dr. F. Nevens, drs. M. Ilmakunnas, drs. A.M. Koivusalo and prof. dr.
H. Isoniemi It was quite a challenge to initiate the PROTON study. I thank you for your
support, trust, and cooperation.
Leden van de Data Safety Monitoring Committee van de PROTON-studie. Hartelijk
dank voor jullie adviezen. Dr. M. el Moumni, beste Mostafa, naast je deelname aan de
Date Safety Monitoring Committee wil ik je ook bedanken voor je input en begeleiding
bij de statistiek van de PROTON-studie.
Beste co-auteurs, drs. W. Potze, drs. J. Adelmeijer, dr. J. Blokzijl, dr. A van den Berg,
drs. A. Westerkamp, dr. H.G.D Hendriks en dr. K.M.E.M. Reyntjens. Hartelijk dank
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voor de samenwerking en input. Jelle bedankt voor alle analyses die je hebt uitgevoerd
en je inzet voor mijn studies.
Medici, administratieve medewerkers en onderzoekers van de afdeling Heelkunde, MDL
en het Chirurgisch Onderzoekslaboratorium. Bedankt voor het vrijwillig afstaan van
bloed ten behoeve van mijn studies.
Lieve kamergenoten, Ilsalien Bakker en Kevin Wevers. Wat was het gezellig met jullie
op onze onderzoekskamer in het Triade gebouw! Ik mis het gekibbel over de stand van
de verwarming, lunch in het Brug- of het personeelsrestaurant, binnendoor of buitendoor lopen en de diepe zuchten van Kevin als ik schuldig ontkende of mijn zin doordreef. De vele borrels, etentjes en nachtjes uit in Groningen (met ieder z’n dansmoves
uiteraard) zullen mij nog lang bijblijven. Het was een hele leuke tijd die helaas tot einde
is gekomen. Jullie zijn nu beiden gepromoveerd en in opleiding tot chirurg. Ik heb er
volle vertrouwen in dat jullie het uitstekend zullen doen. Ik zal jullie missen maar ik weet
dat jullie bij elke orde verstoring aan mij zullen denken.
Gulnar and Negin Karimian. Dear Negin, my neighbor in the Triade building. It was
great having you around the corner at work and at home. Thank you for all the long
conversations, support and all the laughter. I really enjoyed our daily jogs in the Noorderplantsoen in the summer. I got to taste a lot of your delicious Persian cuisine and you
really got attached to my chai, an excellent example of intercultural exchange! It was
great to go to the ILTS conference in London together, and enjoy the sunny weather and
the amazing international cuisine in each other’s company. You are finishing your Ph.D.
soon and in meantime your drive and ambition have landed you in Boston. You go girl
and I hope to see you soon! Dear Gulnar. I want to thank you for your support. I really
look up to you and you have been a great guidance and a great friend. You moved to
Maastricht to become a gastroenterologist and I have no doubt you will do excellent!
Edris Alkozai, jij was mijn eerste huisgenoot in Groningen. Je hebt je huis voor mij open
gesteld en mij wegwijs gemaakt in Groningen en in het promoveren. Daarnaast heb je
me in de tijd dat ik in Groningen woonde wel drie keer geholpen met verhuizen. Een type
‘gentleman’ die in het hoge noorden erg schaars is. Hartelijk dank voor je vriendschap!
Mijn jeugdvriendinnen, Sofia, Abidah, Asimah, Sabeen, Laila en Sanya. We zijn samen
opgegroeid, hebben samen gestreden en ook samen overwonnen. Heel vaak hebben
we steun bij elkaar gezocht en elkaar moed ingepraat. Alles is nu anders, maar onze
vriendschap is even sterk gebleven. Wij begrijpen elkaar als geen ander en staan altijd
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voor elkaar klaar. Jullie zijn geen vriendinnen maar zussen. Ik dank jullie voor al die jaren
vriendschap, steun en humor.
Lieve auntie Najma en auntie Zahida. Jullie zijn als moeders voor mij. Bedankt voor
alle liefde en steun aan mij maar ook aan en mijn familie. Lieve auntie Zahida, ik heb in
jou huis in een oase van rust nog weken aan dit proefschrift kunnen werken. Ook allebei
bedankt voor al het lekkere eten and keep it coming!

پیاری آنٹی نجمہ اور آنٹی زاہدا! آپ دونوں میرے لیے ماں جیسی ہیں۔ آپ نے مجھے اور میری
 خلوص اور سہارا دیا ہے اور اس سب کے لیے میں آپ کی بہت مشکور ہوں۔،فیملی کو پیار
( پر کامPh.D.)  میں نے آپ کے گھر میں بہت اطمینان سے اپنی پی۔ایچ۔ڈی،پیاری آنٹی زاہدا
کیا ہے اور آپ دونوں نے جو لزیز کھانے کھالئے ہیں ان کی تو کیا ہی بات ہے۔ یہ آپ کے پیار
کی مٹھاس ہے جو میں کبھی نہیں بھولوں گی۔ لگی رہیں۔
Lieve zusje Sanya en broers Arif en Farhad. We zijn kort na elkaar geboren en waren als
resultaat de helft van de tijd gezworen vijanden en de helft van de tijd trouwe ‘partners
in crime’. In de laatste jaren zijn we ontzettend naar elkaar toe gegroeid, juist vanwege
een belangrijk gezamenlijk doel. Ik ben erg dankbaar voor de band die wij nu hebben.
Ik kijk dan ook vol enthousiasme en moed naar wat de toekomst voor ons zal brengen.
Lieve mamma en abuji. Het is mede dankzij jullie vele opofferingen dat ik ben gekomen
waar ik ben. Lieve mamma, ik mis je en het spijt me dat je er niet bij kan zijn, ik weet dat
je trots zou zijn. Ik bid dat God jullie zal belonen in het leven hiernamaals.

!پیاری ماما اور پیارے ابوجان
آپ دونوں کی بہت سی قربانیوں کی بدولت آج میں اس مقام پر پہنچ پائی ہوں۔
 آج آپ کی کمی بھت محسوس ہو رہی ہے اور مجھے بہت دکھ ہے کہ آپ اس،میری پیاری ماما
وقت میرے پاس نھیں ہیں۔ میں جانتی ہوں کہ آج آپ کو اپنی بیٹی پر بہت ناز ہوتا۔ میں دعا
کرتی ہوں کہ اللہ اگلے جہاں میں آپ دونوں کے درجات بلند فرمائے اور آپ کو آپ کی دی ہوی
ہر قربانی اور محبت کا اجر دے (آمین)۔
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LIST OF ABBREVATIONS
ADAMTS13	a disintegrin and metalloproteinase with a thrombospondin type 1
motif, member 13
ACE		
angiotensin converting enzyme
AE		
adverse events
AIP		
acute intermittent porphyria
ALAT		
alanine aminotransferase
APTT		
activated partial thromboplastin time
ASAT		
aspartate aminotransferase
AT		
antithrombin
BMI		
body mass index
CA		
competent authorities
CAT		
calibrated automated thrombography
CMV		
cytomegalovirus
CRF		
case record form
CVP		
central venous pressure
DBD		
donation after brain death
DCD		
donation after circulatory death
DDAVP		
1-deamino-8-D-arginine vasopressin
DM		
diabetes mellitus
DSMB		
date safety monitoring board
DVT		
deep venous thrombosis
EBL		
estimated blood loss
ELISA		
enzyme-linked immunosorbent assays
ETP		
endogenous thrombin potential
FAP		
familial amyloidotic polyneuropathy
FFP		
fresh frozen plasma
GCP		
good clinical practice
HAT		
hepatic artery thrombosis
HCC		
hepatocellular carcinoma
HCV		
hepatitis C virus
HIT		
heparin induced thrombocytopenia
HVPG		
hepatic-venous pressure gradient
INR		
international normalized ratio
IMP		
investigational medical product
IQR		
interquartile range
LMWH		
low molecular weight heparin
MEC		
medical ethics committee
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MELD		
NASH		
NOAC		
OLT		
PAI-1		
PBC		
PCC		
PE		
PPP		
PSC		
PT		
PVT		
RBC		
RCT		
rFVIIa		
ROTEM		
SAE		
sCD163		
SD		
SEM		
SPCS		
SUSAR		
TAFI		
TEG		
TF		
TFPI		
TIPS		
TM		
tPA		
TRALI		
UFH		
VKA		
VWF		
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model for end-stage liver disease
non-alcoholic steatohepatitis
new oral anticoagulants
orthotopic liver transplantation
plasminogen activator inhibitor 1
primary biliary cholangitis
prothrombin complex concentrate
pulmonary embolism
platelet poor plasma
primary sclerosing cholangitis
prothrombin time
portal vein thrombosis
red blood cell
randomized controlled trial
recombinant factor VIIa
rotational thromboelastometry
serious adverse events
soluble CD163
standard deviation
standard error of means
summary of product characteristics
suspected unexpected serious adverse reaction
thrombin activatable fibrinolysis inhibitor
thromboelastography
tissue factor
tissue factor pathway inhibitor
transjugular intrahepatic portosystemic shunt
thrombomodulin
tissue plasminogen activator
transfusion-related acute lung injury
unfractionated heparin
vitamin K antagonist
von Willebrand factor

