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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 transplanta-
tion, 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 en-
dogenous 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 dysregu-
lated hemostatic system characterized by elevation of plasma levels of endothelial-
derived 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.
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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 in-
creasingly 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 pro-
teins 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 com-
plications, 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 normaliza-
tion 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 immunosuppres-
sive 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 pa-
tients 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 outpa-
tient 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 antico-
agulant 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 recombi-
nant 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 registra-
tion of thrombin generation. Fluorescence produced was read every 20 seconds by a 
fluorometer, Fluoroskan Ascent ® (ThermoFisher Scientific, Helsinki, Finland). All experi-
ments 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 commer-
cially available ELISA (Siemens, Breda, the Netherlands) according to the manufacturer’s 
instructions.

Routine coagulation laboratory tests

Levels of factor (F) VIII, II, antithrombin (AT) and Protein C were measured on an auto-
mated coagulation analyzer (ACL 300 TOP) with reagents and protocols from the manu-
facturer (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 in-
house ELISA as previously described (18).

Fibrinolytic potential

Fibrinolytic potential was assessed using a plasma-based clot lysis assay. Lysis of a tis-
sue factor–induced clot by exogenous tissue plasminogen activator (tPA) was studied 
by monitoring changes in turbidity during clot formation and subsequent lysis as de-
scribed 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-hydroxytethylpiperazine-
N-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 tur-
bidity 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 interquar-
tile 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 insulin-
dependent. 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 hy-
pertrophy 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 12/3

Donor type Heartbeating 10

Non-heartbeating 4

Domino 1

Immunosuppressive regimen (no of 
patients)

Calcineurin inhibitor 2

Calcineurin inhibitor + steroid 1

Calcineurin inhibitor + steroid + purine 
antagonist

10

Calcineurin inhibitor + purine antagonist 2

Other medication (no of patients) Aspirin 5

Insulin 4

Metformin 2
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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), respec-
tively, 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).

Table 1. Patient characteristics (continued)

Calcium antagonist 4

ACE-inhibitors 4

Betablocker 1

Diuretic 1

Proton pump inhibitor 13

Laboratory assessment (medians and 
IQR)

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.
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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 de-
creased 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).

 














 





 


 

















 












 





 


 




















 








 







 


























 



 

 





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.
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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.

Table 2: Parameters derived from thrombin generation curves generated in absence and presence of TM

  Patients Controls p-value

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

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

 















 







Figure 5. Plasma levels of prothrombin fragment 1+2 in patients and healthy controls. Horizontal bars 
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 fibrino-
lytic 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, blood-
glucose lowering medication or calcium antagonists are known to cause endothelial cell 
activation.

Previously we have summarized clinical and laboratory evidence for hypercoagulabil-
ity 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 thromboem-
bolism 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 cerebro-
vascular disease has become an increasingly threatening factor for OLT recipients, war-
ranting 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 anti-
hemostatic 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 avoid-
ing 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 de-
creased thrombin generating capacity.



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

177

10

REFERENCES

 (1) Lisman T, Porte RJ. Rebalanced hemostasis in patients with liver disease: evidence and clinical 
consequences. Blood 2010; 116: 878-885. 

 (2) Lisman T, Bakhtiari K, Pereboom IT, Hendriks HG, Meijers JC, Porte RJ. Normal to increased throm-
bin generation in patients undergoing liver transplantation despite prolonged conventional 
coagulation tests. J Hepatol 2010; 52: 355-361. 

 (3) Tripodi A, Salerno F, Chantarangkul V, et al. Evidence of normal thrombin generation in cirrhosis 
despite abnormal conventional coagulation tests. Hepatology 2005; 41: 553-558. 

 (4) Senzolo M, Sartori MT, Lisman T. Should we give thromboprophylaxis to patients with liver cir-
rhosis and coagulopathy? HPB (Oxford) 2009; 11: 459-464. 

 (5) Sogaard KK, Horvath-Puho E, Gronbaek H, Jepsen P, Vilstrup H, Sorensen HT. Risk of venous 
thromboembolism in patients with liver disease: a nationwide population-based case-control 
study. Am J Gastroenterol 2009; 104: 96-101. 

 (6) Gulley D, Teal E, Suvannasankha A, Chalasani N, Liangpunsakul S. Deep vein thrombosis and 
pulmonary embolism in cirrhosis patients. Dig Dis Sci 2008; 53: 3012-3017. 

 (7) Northup PG, McMahon MM, Ruhl AP, et al.  Coagulopathy does not fully protect hospitalized 
cirrhosis patients from peripheral venous thromboembolism. Am J Gastroenterol 2006; 101: 1524-
1528. 

 (8) Garca-Fuster MJ, Abdilla N, Fabi MJ, Fernndez C, Oliver V, Forner M J. Venous thromboembolism 
and liver cirrhosis. Rev Esp Enferm Dig 2008; 100: 259-262. 

 (9) Pereboom IT, Adelmeijer J, van Leeuwen Y, Hendriks HG, Porte RJ, Lisman T. Development of a 
severe von Willebrand factor/ADAMTS13 dysbalance during orthotopic liver transplantation. Am 
J Transplant 2009; 9: 1189-1196. 

 (10) Lisman T, Leebeek FWG, Meijer K, Van Der Meer J, Nieuwenhuis HK, De Groot P. Recombinant fac-
tor VIIa improves clot formation but not fibrolytic potential in patients with cirrhosis and during 
liver transplantation. Hepatology 2002; 35: 616-621. 

 (11) Arshad F, Lisman T, Porte R. Hypercoagulability as a contributor to thrombotic complications in 
the liver transplant recipient. Liver Int 2013; 33: 820-827. 

 (12) Duffy JP, Hong JC, Farmer DG, et al. Vascular complications of orthotopic liver transplantation: 
experience in more than 4,200 patients J Am Coll Surg 2009; 208: 896-903.

 (13) Borg MA, van der Wouden EJ, Sluiter WJ, Slooff MJ, Haagsma EB, van den Berg AP. Vascular events 
after liver transplantation: a long-term follow-up study. Transpl Int 2008; 21: 74-80. 

 (14) Huang LQ, Whitworth JA, Chesterman CN. Effects of cyclosporin A and dexamethasone on hae-
mostatic and vasoactive functions of vascular endothelial cells. Blood Coagul Fibrinolysis 1995; 6: 
438-445. 

 (15) Bombeli T, Mller M, Straub PW, Haeberli A. Cyclosporine-induced detachment of vascular endo-
thelial cells initiates the intrinsic coagulation system in plasma and whole blood. J Lab Clin Med 
1996; 127: 621-634. 

 (16) Kokame K, Nobe Y, Kokubo Y, Okayama A, Miyata T. FRETS-VWF73, a first fluorogenic substrate for 
ADAMTS13 assay. Br J Haematol 2005; 129: 93-100. 



178

CHAPTER 10

 (17) Ruitenbeek K, Meijers JC, Adelmeijer J, Hendriks HG, Porte RJ, Lisman T. Intact thrombomodulin-
mediated regulation of fibrinolysis during and after liver transplantation, despite a profoundly 
defective thrombomodulin-mediated regulation of coagulation. J Thromb Haemost 2010; 8: 
1646-1649. 

 (18) Maurissen LF,  Castoldi E, Simioni P, Rosing J, Hackeng TM. Thrombin generation-based assays to 
measure the activity of the TFPI-protein S pathway in plasma from normal and protein S-deficient 
individuals. J Thromb Haemost 2010; 8: 750-758. 

 (19) Lisman T, de Groot PG, Meijers JC, Rosendaal FR. Reduced plasma fibrinolytic potential is a risk 
factor for venous thrombosis. Blood 2005; 105: 1102-1105. 

 (20) Dielis AW, Castoldi E, Spronk HM, et al. Coagulation factors and the protein C system as determi-
nants of thrombin generation in a normal population. J Thromb Haemost 2008; 6: 125-131. 

 (21) Jeanmart H, Malo O, Carrier M, Nickner C, Desjardins N, Perrault LP. Comparative study of cyclo-
sporine and tacrolimus vs newer immunosuppressants mycophenolate mofetil and rapamycin on 
coronary endothelial function. J Heart Lung Transplant 2002; 21: 990-998. 

 (22) Weis M, Wildhirt SM, Schulze C, et al. Impact of immunosuppression on coronary endothelial 
function after cardiac transplantation. Transplant Proc 1998; 30: 871-872. 

 (23) Ovuworie CA, Fox ER, Chow CM, et al. Vascular endothelial function in cyclosporine and tacroli-
mus treated renal transplant recipients. Transplantation 2001; 72: 1385-1388. 

 (24) Schrama YC, van Dam T, Fijnheer R, Hené RJ, de Groot P, Rabelink TJ. Cyclosporine is associated 
with endothelial dysfunction but not with platelet activation in renal transplantation. Neth J Med 
2001; 59: 6-15. 

 (25) Morris ST, McMurray JJ, Rodger RS, Farmer R, Jardine AG. Endothelial dysfunction in renal trans-
plant recipients maintained on cyclosporine. Kidney Int 2000; 57: 1100-1106. 

 (26) Baas MC, Gerdes VE, Ten Berge IJ, et al. Treatment with everolimus is associated with a procoagu-
lant state. Thromb Res 2013; 132: 307-311. 

 (27) Patrassi GM, Sartori MT, Rigotti P, et al. Reduced fibrinolytic potential one year after kidney trans-
plantation. Relationship to long-term steroid treatment. Transplantation 1995; 59: 1416-1420. 

 (28) Levi M, Wilmink J, Büller HR, Surachno J, ten Cate JW. Impaired fibrinolysis in cyclosporine-treated 
renal transplant patients. Analysis of the defect and beneficial effect of fish-oil. Transplantation 
1992; 54: 978-983. 

 (29) Tsai Tsai AW, Cushman M, Rosamond WD, et al. Coagulation factors, inflammation markers, and 
venous thromboembolism: the longitudinal investigation of thromboembolism etiology (LITE). 
Am J Med 2002; 113: 636-642. 

 (30) Martinelli I. von Willebrand factor and factor VIII as risk factors for arterial and venous thrombosis. 
Semin Hematol 2005; 42: 49-55. 

 (31) Folsom AR, Rosamond WD, Shahar E, et al. Prospective study of markers of hemostatic function 
with risk of ischemic stroke. The Atherosclerosis Risk in Communities (ARIC) Study Investigators. 
Circulation 1999; 100: 736-742. 

 (32) Jansson JH, NilssonTK, Johnson O. von Willebrand factor, tissue plasminogen activator, and dehy-
droepiandrosterone sulphate predict cardiovascular death in a 10 year follow up of survivors of 
acute myocardial infarction. Heart 1998; 80: 334-337. 



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

179

10

 (33) Almér LO, Ohlin H. Elevated levels of the rapid inhibitor of plasminogen activator (t-PAI) in acute 
myocardial infarction. Thromb Res 1987; 47: 335-339. 

 (34) Meltzer ME, Lisman T, de Groot PG, et al. Venous thrombosis risk associated with plasma hypofi-
brinolysis is explained by elevated plasma levels of TAFI and PAI-1. Blood 2010; 116: 113-121. 

 (35) Meltzer ME1, Lisman T, Doggen CJ, de Groot PG, Rosendaal FR. Synergistic effects of hypofibri-
nolysis and genetic and acquired risk factors on the risk of a first venous thrombosis. PLoS Med 
2008; 5: e97-e97. 

 (36) Hamsten A, Wiman B, de Faire U, Blombäck M. Increased plasma levels of a rapid inhibitor of 
tissue plasminogen activator in young survivors of myocardial infarction. N Engl J Med 1985; 313: 
1557-1563. 

 (37) Reddel CJ, Curnow JL, Voitl J, et al. Detection of hypofibrinolysis in stable coronary artery disease 
using the overall haemostatic potential assay. Thromb Res 2013; 131: 457-462. 

 (38) Vivarelli M, La Barba G, Cucchetti A, et al. Can antiplatelet prophylaxis reduce the incidence of 
hepatic artery thrombosis after liver transplantation? Liver Transpl 2007; 13: 651-654. 

 (39) Irish AB, Green FR. Environmental and genetic determinants of the hypercoagulable state and 
cardiovascular disease in renal transplant recipients. Nephrol Dial Transplant 1997; 12: 167-173. 

 (40) Allen RD, Michie CA, Murie JA, Morris PJ. Deep venous thrombosis after renal transplantation. 
Surg Gynecol Obstet 1987; 164: 137-142. 

 41) Humar A, Johnson EM, Gillingham KJ, et al. Venous thromboembolic complications after kidney 
and kidney-pancreas transplantation: a multivariate analysis. Transplantation 1998; 65: 229-234. 

 (42) The 12th Report of the Human Renal Transplant Registry. Prepared by the Advisory Committee to 
the Renal Transplant Registry. 1975; 233: 787-796. 




