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Abstract: Changes in primary hemostasis have been described in patients with chronic liver disease
(CLD) and cirrhosis and are still subject to ongoing debate. Thrombocytopenia is common and
multifactorial. Numerous studies also reported platelet dysfunction. In spite of these changes,
primary hemostasis seems to be balanced. Patients with CLD and cirrhosis can suffer from both
hemorrhagic and thrombotic complications. Variceal bleeding is the major hemorrhagic complication
and is mainly determined by high portal pressure. Non portal hypertension-related bleeding due
to hemostatic failure is uncommon. Thrombocytopenia can complicate management of invasive
procedures in CLD patients. Recently, oral thrombopoietin agonists have been approved to raise
platelets before invasive procedures. In this review we aim to bundle literature, published over the
past decade, discussing primary hemostasis in CLD and cirrhosis including (1) platelet count and the
role of thrombopoietin (TPO) agonists, (2) platelet function tests and markers of platelet activation,
(3) von Willebrand factor and (4) global hemostasis tests.

Keywords: chronic liver disease; cirrhosis; primary hemostasis; platelet; platelet function;
von Willebrand factor

1. Introduction

Chronic liver disease (CLD) was for a long time considered as a model of acquired hemorrhagic
disease, reflected by, for example, prolonged prothrombin time. In the last 15 years, it has been
acknowledged that CLD patients present complex alterations in the hemostatic system leading
to so-called rebalanced hemostasis [1,2]. Patients with CLD and cirrhosis can suffer from both
hemorrhagic and thrombotic complications. Regarding hemorrhage, a distinction is made between
portal hypertension-related bleeding, spontaneous bleeding and provoked bleeding. Gastrointestinal
(variceal) bleeding is common in CLD and cirrhosis and is due to the elevation in portal pressure
giving rise to shunts between the portal and caval system. The risk of variceal hemorrhage is mainly
determined by portal hypertension (hepatic venous pressure gradient > 12 mmHg), severity of liver
disease, the size of varices and presence of red signs [3,4]. Variceal hemorrhage is not related to true
hemostatic failure. The fragile balance recognized in cirrhotic patients can also tip towards thrombosis.
Thrombotic complications encompass portal vein thrombosis (PVT) and venous thromboembolism.
PVT is mainly caused by reduced portal flow (< 15 cm/s) [5]. In a recent meta-analysis, an increased
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venous thromboembolic risk was confirmed in cirrhotic patients with a prevalence of 3.7% [6]. Cirrhotic
subjects were more at risk of deep venous thrombosis and pulmonary embolism compared to controls.
A lower incidence of PVT, hepatic decompensation and an improved survival were reported in patients
with advanced cirrhosis, randomized to prophylaxis with low molecular weight heparin, compared to
standard of care [7]. Multiple authors have described a hypercoagulable state in cirrhotic patients [8–12].
Furthermore, liver transplantation without the need for blood products is feasible in this patient
group [13].

Although rebalanced hemostasis is substantially studied for the coagulation cascade, alterations
in primary hemostasis are not well understood. Variable thrombocytopenia is present in the majority of
CLD patients [14]. This is in part counterbalanced by elevated von Willebrand factor (VWF) supporting
enhanced platelets’ adhesion [15,16]. By their complex phenotype, platelets play a diverse and key
role in hemostasis. However, their role in rebalanced hemostasis is not clear. In this review we will
highlight current knowledge of primary hemostasis in CLD.

2. Chronic Liver Disease and Platelet Count

2.1. Studies on CLD and Platelet Count

Thrombocytopenia is common in patients with CLD. The prevalence depends on disease severity
and the criteria used: 6% in chronic hepatitis patients versus 64% in cirrhotic patients [14]. A low
platelet count is an indicator of more advanced disease and is associated with poorer prognosis [17,18].
In patients with chronic hepatitis C infections, immune thrombocytopenic purpura can also cause low
platelet counts asymmetric to portal hypertension and hypersplenism. Platelets have been implicated
in both CLD progression and liver regeneration. This topic is extensively reviewed elsewhere and will
not be discussed here [19].

In a prospective study [17], the non-provoked bleeding rate was investigated in 280 patients with
cirrhosis. Overall, 52 patients experienced a major or minor bleeding event over four years (5.45%/year).
No association was observed between platelet count and bleeding. Two studies addressing variceal
bleeding found opposite results regarding the association between platelet count and bleeding [20,21].
It is, however, important to stress that platelet count may merely reflect the degree of portal hypertension
responsible for variceal hemorrhage [22]. Low platelet count was identified as a risk factor for major
bleeding in a retrospective study of cirrhotic patients admitted to intensive care [23].

By possibly increasing the risk of bleeding, severe thrombocytopenia can complicate the
management of patients with CLD undergoing invasive procedures. A threshold of 50 × 109/L is often
used for platelet transfusion to mitigate the risk of procedure-related bleeding [24–26]. This platelet
transfusion cut-off is also based on a paper by Tripodi and colleagues [27]. They demonstrated that a
platelet count of 56 × 109/L was necessary for normal thrombin generation in platelet-rich plasma. In an
article by Giannini et al [28], bleeding related to invasive procedures was more frequent in cirrhotic
patients with severe thrombopenia (PLT < 75 × 109/L, 10 out of 32 with procedure-related bleeding)
compared to patients with moderate thrombocytopenia (75 × 109/L< PLT< 150 × 109/L, 0 out of 19 with
procedure-related bleeding). Similarly, platelet count was strongly correlated with serious bleeding
in patients with the hepatitis C virus (HCV) related to advanced CLD undergoing a liver biopsy.
The bleeding risk increased significantly with platelet counts < 60 × 109/L [26]. However, patients
that experienced bleeding had more advanced liver disease, so it is not clear if platelet count caused
the bleeding or was a manifestation of advanced liver disease (ie. bleeding caused by elevated liver
stiffness, presence of ascites). The association of severe thrombocytopenia and post-procedural bleeding
was also reported in a recent study on 874 cirrhotic patients [25]. In contrast to the previous findings, no
post-procedural bleeding episode was reported in cirrhotic patients with a platelet count < 50 × 109/L
scheduled for an invasive procedure [29]. In a report of 500 orthotopic liver transplantations, no blood
products were transfused in 79.6 % of patients [13]. A study addressing platelet transfusion did report
a significant increase in platelet count, but did so without normalizing global hemostasis tests [30].
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As an alternative to platelet transfusion, oral thrombopoietin (TPO) agonists, avatrombopag and
lusutrombopag, were FDA approved in adult patients with CLD and a platelet count < 50 × 109/L
before an invasive procedure [24].

Different authors already reviewed the mechanisms of thrombocytopenia in CLD: splenic
sequestration, decreased platelet production and increased platelet breakdown are involved [18,31–33].
Only TPO will be further discussed here due to the recent approval of TPO agonists. This does not
imply that this is the most important mechanism for thrombocytopenia in CLD.

2.2. Thrombopoietin

Thrombopoietin (TPO), the humoral basis of thrombopoiesis, was revealed in 1994. [34].
TPO is a hematopoietic growth factor, produced primarily by the liver, which binds the c-MPL
(myeloproliferative leukemia) receptor on megakaryocytes, platelets and most other hematopoietic
precursor cells. In liver-healthy thrombocytopenic patients, TPO levels rise due to decreased
degradation of TPO by platelets. Stimulation of megakaryocytes and an increase in platelet production
ensues. However, in cirrhosis-associated thrombocytopenia, TPO levels may not rise sufficiently.
Controversial reports exist regarding circulating TPO levels in cirrhotic patients. Some studies report
low levels [35–37] while others report normal levels of TPO [18,38–40]. According to the prevailing
theory of TPO regulation by “c-MPL mass”, circulating TPO levels, being the net effect of both
production and clearance, do not reflect TPO production alone. The measurement of TPO mRNA
expression in the liver better reflects TPO production and is decreased in patients with cirrhosis in most
reports [41,42]. Currently, four TPO agonists exist: romiplostim (Nplate®; Amgen Inc., Thousand Oaks,
CA, USA), eltrombopag (Revolade®; Promacta®; Novartis Pharma; Basel; Switzerland) avatrombopag
(Doptelet®; Dova Pharmaceuticals; Durham, NC, USA) and lusutrombopag (Mulpleo®; Mulpleta®;
Shionogi, Japan). Eltrombopag is not recommended as an alternative for platelet transfusion for
patients with CLD due to thrombotic complications during the ELEVATE clinical trial [43]. Romiplostim
is approved as second line therapy for chronic immune thrombocytopenic purpura, but not in CLD.
Avatrombopag and lusutrombopag were approved during the ADAPT-1/2 and L-PLUS 1/2 trials,
respectively [44–46]. Approximatly 70% of patients responded to their TPO agonist treatment.
This means that 30% of patients are non-responders. An important advantage of TPO agonists is the
avoidance of platelet transfusion and thereby not exposing patients to possible immunological or
infectious risks as well as transfusion reactions and volume overload. It is important to know that TPO
agonists take about ten days to elevate platelet count.

3. Chronic Liver Disease and Platelet Function

A variety of tests exist to assess platelet function. Some of them are extensively used, whereas
others are confined to specialized or research laboratories. In vivo bleeding time was developed first but
has become obsolete due to its invasive nature. The platelet function analyzer (PFA-100/200, Siemens
Healthineers, Erlangen, Germany), a widespread and easy to perform assay, reflects high shear adhesion
and aggregation during formation of a platelet plug. Platelet aggregation can be evaluated by light
transmission aggregometry or whole blood aggregometry. Platelet glycoproteins and activation status
(e.g., alpha granule release) can be appreciated by flow cytometry. In research, microfluidic devices have
been developed for real-time assessment of thrombus formation in whole blood in response to a range of
agonists. Soluble platelet release markers (e.g., soluble P-selectin and soluble CD40 ligand), also mainly
used in research, investigate platelet activation state. PlateletMapping TEG technology employs specific
platelet agonists but is mainly used for monitoring antiplatelet therapy [47].

About a decade ago, platelet function in CLD and cirrhosis was very thoroughly reviewed by
Witters et al and Violi et al [11,33]. In our review, the focus will lie on more recent papers investigating
this topic. Table 1 displays a chronological overview of recent studies (last ten years) of platelet function
in CLD patients.
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3.1. Platelet Aggregation Tests

As mentioned above, platelet aggregation is mostly studied by light transmission aggregometry
or whole blood aggregometry. The following studies reported decreased platelet aggregation in
CLD patients. In patients with chronic HCV, platelet aggregation measured with whole blood
aggregometry was lower in more advanced fibrosis compared to mild fibrosis and healthy controls [48].
However, when platelet aggregation was corrected for platelet count and expressed as “multiplate
units”, aggregation was higher in patients with advanced fibrosis. This corrected parameter is not
validated and should be interpreted with caution as the significance and mechanisms are not clear.
Preoperatively, Jüttner et al [49] demonstrated decreased platelet aggregation in cirrhotic patients
of mixed etiology after adjustment for platelet count. Cholestatic patients had significantly higher
maximal aggregation in comparison to non-cholestatic cirrhotic patients. They hypothesize a better
preservation of parenchymal function in the former group. Wosiewicz et al [50] reported decreased
platelet aggregation in cirrhotic patients with or without PVT awaiting liver transplantation. Curiously,
patients with PVT had decreased platelet aggregation compared to patients without PVT (platelet
count was similar between groups). In a pediatric cohort of decompensated cirrhotic children, we also
highlighted decreased platelet aggregation [51]. Although not corrected for platelet count, aggregation
was lower in children presenting with upper gastrointestinal bleeding. Eyraud et al [52] demonstrated
improved platelet aggregation one month after liver transplantation compared to pre-transplant
values. In a study by Vinholt et al [53], flow cytometry-based aggregation was significantly lower
in cirrhotic patients after stimulation with platelet agonists. The independence of platelet count is
an advantage of this technique. No platelet hyperaggregability was revealed after testing different
agonist concentrations. In contrast to these findings, Raparelli et al [54] demonstrated enhanced
platelet aggregation in cirrhotic patients after stimulation with subthreshold concentrations of platelet
agonists. This difference in aggregation between patients and healthy controls was not detected with
threshold concentrations of agonist. The addition of Toll-like receptor 4 binding protein, an inhibitor of
the lipopolysaccharide acid (LPS) receptor, inhibited platelet aggregation only in cirrhotic patients.
This study concluded that high circulating levels of LPS, translocated in the systemic circulation, may
be the cause of enhanced platelet activation in cirrhotic patients.

3.2. Platelet Activation State by Flow Cytometry

Decreased platelet activatability assessed with P-selectin (= CD62P, alpha granule release), by flow
cytometry, was seen in viral, non-alcoholic steatohepatitis, alcoholic steatohepatitis and cholestatic cirrhosis
compared to controls [49,53,55,56]. At baseline, without stimulation, no difference in P-selectin expression
between patients and controls was seen across different etiologies [53,55–57]. In line with these results, no
differences in platelet activatability were seen before and after liver transplantation in cirrhotic patients [52].
Alcoholic steatohepatitis cirrhosis patients had lower percentages of platelets positive for CD63 (lysosomal
marker) and activated GPIIb/IIIa after agonist stimulation compared to healthy controls [53], although some
patients demonstrated normal platelet activatability. Platelet activation impairment was associated with
severe liver disease (Child Turcotte Pugh B/C) and platelet count [53]. A lower response to stimulus rather
than deficient GPIIb/IIIa was suggested since CD41 and CD61, GPIIb/IIIa subunits, were normally expressed.
In contrast to these results, Sayed et al [58] and an older study by Panasiuk et al [59] demonstrated higher
basal platelet activation in viral cirrhosis patients (P-selectin). As in the study by Raparelli et al [54] et al,
they also reported increased platelet–monocyte complexes. Elevated platelet–leukocyte complexes were
also confirmed by Støy et al’s study [60].

3.3. Soluble Release Markers

Increased platelet activation markers (soluble P selectin and/or soluble CD40 ligand), corrected or
not for platelet count, in cirrhotic patients were demonstrated by several authors [8,54–56]. These levels
were even more increased in decompensated patients and correlated well with serum LPS levels [54].
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High oxidative stress and production of platelet isoprostanes were demonstrated to be related to higher
soluble P selectin and soluble CD40 ligand levels [8,61]. In decompensated patients with a transjugular
intrahepatic portosystemic shunt procedure soluble platelet activation markers, a soluble oxidative
stress marker and LPS were elevated in the portal circulation. This suggested increased platelet
activation with a possible contribution of oxidative stress and bacterial translocation [62]. The same
authors found an association between elevated levels of thromboxane B2 in the portal circulation and
portal hepatic venous pressure gradient. They concluded that thromboxane B2 is possibly associated
with prothrombotic potential [63]. In the paper by Eyraud et al [52], soluble P selectin decreased after
liver transplantation, suggesting a higher soluble P selectin/platelet count ratio in cirrhotic patients
before transplantation. In compensated cirrhotic patients of mixed etiology, soluble glycoprotein
VI was higher compared to healthy age-matched controls [64]. The authors interpreted this as an
early onset marker of platelet activation. The majority of papers on soluble platelet release markers
conclude a higher platelet activation state in CLD patients. However, these markers should be carefully
interpreted since their elevation could also be a consequence of decreased clearance by the liver [65,66].

3.4. Platelet Function Analyzer and Studies under Flow Conditions

Under high shear flow conditions (5000–6000/s) platelets are sent through an aperture covered
with collagen and epinephrine or adenosine diphosphate. Platelet adhesion and aggregation ensue.
The closure time is recorded. The PFA is impacted by platelet count, VWF and hematocrit. It is
insensitive to milder platelet disorders [67]. In patients with viral (HCV) cirrhosis PFA-100 closure
times were prolonged compared to normal controls suggesting platelet hypofunction [68]. Patients
with platelet count < 100 × 109/L were excluded in this study. In a cohort of CLD patients awaiting
liver transplantation, PFA-epinephrine was prolonged in 48.6% of patients [69]. As expected, platelet
count and hematocrit predicted pathological PFA. VWF improved closure times partially. Another
small study did not report added value of PFA in cirrhotic patients undergoing an invasive procedure.
Only 16 patients were tested, all with thrombocytopenia (40 × 109/L ± 20.7 × 109/L). No details of
PFA results were provided [70]. Lisman et al [15] studied platelet adhesion under flow conditions
in a reconstituted blood model. Platelet count and hematocrit were adjusted in this experiment to
200 × 109/L and 40%, respectively. Collagen and fibrinogen were used as surface activators and blood
was passed through the chamber at a shear rate of 800/s and 300/s respectively. The capacity of cirrhotic
platelets to adhere to the surface was identical to that of healthy volunteers.
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Table 1. Published studies of platelet function in CLD patients over the past decade.

Reference Population Tests Results

Jüttner et al., 2009 [49] Tumor (n = 9) and cirrhosis (n = 25, mixed etiology) LTA, mPs decreased LTA in cirrhosis (cholestatic >
non-cholestatic), decreased mPs in all patients

Sayed et al., 2010 [58] cirrhosis (n = 60, viral) platelet–monocyte complexes, mPs increased

Basili et al., 2011 [8] cirrhosis (n = 51, mixed etiology) sNOX2dp, sPs, sCD40L, isoprostanes (urinary
and platelet) increased

Ghozlan et al., 2013 [68] cirrhosis (n = 50, viral) PFA-100 (COL/EPI) prolonged CT

Basili 2014 [61] cirrhosis (n = 51, mixed etiology) serum polyunsaturated fatty acids, urinary
isoprostanes, sNOXdp

higher n-6/n-3 polyunsaturated fatty acids ratio,
correlation with elevated sNOXdp and isoprostanes

Alkozai et al., 2014 [55] HCC (n = 22) and cirrhosis (n = 16, viral) mPs (basal and stimulation), sPs normal basal mPs, decreased stimulated mPs,
increased sPs

Potze et al., 2016 [56] NAFLD (n = 68, steatosis, NASH, NASH cirrhosis),
ASH cirrhosis (n = 15) mPs (basal and stimulation), sPs, PF4 normal basal mPs and PF4, decreased stimulated mPs

in cirrhosis (NS), increased sPs (NS)

Egan et al., 2016 [64] compensated cirrhosis (n = 46, mixed etiology) soluble GPVI increased

Wosiewicz et al., 2016 [50] cirrhosis (n = 49, mixed etiology) multiplate, zonuline, LPS (comparison
presence/absence PVT)

decreased PA, NS difference zonuline, LPS
between groups

Nielsen et al., 2017 [48] chronic HCV (advanced fibrosis, n = 39; mild or no
fibrosis, n = 43) multiplate, TEG decreased PA and increased PA/platelet count in

advanced fibrosis, no difference in TEG

Vinholt et al., 2017 [53] cirrhosis (n = 27, ASH) 96-well LTA, mPs, CD63, activated GPIIb/IIIa,
FC platelet aggregation decreased platelet aggregation/activatability

Raparelli et al., 2017 [54] cirrhosis (n = 69, mixed etiology) LTA, sPs, sCD40L, LPS, zonulin,
platelet–monocyte complexes

increased sPs, sCD40L, LPS, zonulin,
platelet–monocyte complexes, increased PA with STC
(PLT adjusted)

Eyraud et al., 2018 [52] HCC (n = 24) and cirrhosis (n = 26, mixed etiology) LTA, mPs, platelet–leukocyte complexes, PDEV,
sPs, sCD40L

decreased LTA pre-graft versus post-graft (D28, PLT
adjusted ); mPs, sPs and sCD40L, platelet-leukocyte
complexes unchanged, sPs slightly higher pre-graft

Stoy et al., 2018 [60] Cirrhosis (n = 19, mixed etiology) Platelet–leukocyte complexes increased platelet-neutrophil complexes

Bonnet et al.,2019 [51] decompensated cirrhotic children (n = 22, bililiary
atresia, Alagille, other) multiplate decreased PA (adult RV, PLT not adjusted)

Queck et al., 2019 [62] decompensated cirrhosis (n = 20 ) sPs, soluble GPVI, LPS, sNOXdp increased in portal vein

Queck et al., 2019 [63] decompensated cirrhosis (n = 89 ) TXB2 portal vein association with PHPG increase after TIPS insertion

Rogalski et al., 2019 [21] cirrhosis (n = 58, mixed etiology) multiplate comparable in patients with and without
variceal bleeding

CT = closure time, COL = collagen, EPI = epinephrine, FC = flow cytometry, HCC= hepatocellular carcinoma, LPS = lipopolysaccharide acid, LTA = light transmission aggregometry,
LT = liver transplantation, mPs = membrane P-selectin, NS = not significant, PA = platelet aggragation, PF4 = platelet factor 4, PFA = platelet function analyser, PHPG = portal
hepatic venous pressure gradient, PLT = platelet, PVT = portal vein thrombosis, RV = refence values, sNOX2dp = soluble NADPH oxidase derived peptide, sPs = soluble P-selectin,
STC = subtreshold concentrations, TIPS = transjugular intrahepatic portosystemic shunt.
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4. Chronic Liver Disease and von Willebrand Factor

VWF exerts a pivotal role in primary hemostasis. Through its interaction with collagen and
platelets, it localizes platelets to the site of vessel wall injury, allowing further adhesion. VWF
plasma levels are known to be elevated in CLD [16,55–57,69,71–77]. The mechanism is not completely
understood. Normally, VWF is mostly synthetized by the endothelial cells of large vessels. With
liver injuries, VWF immunostaining also becomes positive in liver sinusoidal endothelial cells [78].
High VWF propeptide levels were reported in cirrhotic patients, which suggests ongoing acute
endothelial damage [16,72,79]. Palyu et al demonstrated higher VWF propeptide levels in acutely
decompensated cirrhotic patients. Decreased clearance by the liver should also be taken into account.
VWF was demonstrated to be positively associated with more severe liver disease [16,74]. Although
VWF seems to demonstrate a less efficient binding to platelet glycoprotein Ib, demonstrated by a
reduced VWF activity to antigen ratio, the capacity to adhere platelets to a surface was preserved [16].
Interestingly, when platelets from healthy volunteers were mixed with cirrhotic plasma, platelet
adhesion improved [16,72]. DDAVP (1-deamino, 8-D arginine-vasopressin) is known to increase VWF
and factor VIII in hemophilia A and von Willebrand disease. In cirrhotic patients, no significant
effect of an intravenous bolus of DDAVP on VWF plasma levels was seen. The authors hypothesized
exhaustion of endothelial cells on the one hand and immediate intrahepatic consumption or endothelial
attachment on the other hand [79]. These results were in contrast to the results of an earlier study
reporting on the efficacy of intranasal DDAVP in cirrhotic patients undergoing dental extraction [80].
The design of the study was however questionable. A disintegrin-like and metalloproteinase with a
thrombospondin type 1 motif, member 13 (ADAMTS13) cleaves to ultra-large VWF and is synthesized
by the hepatic stellate cells in the liver [81,82]. Both reduced, normal and elevated ADAMTS13 levels
have been reported [16,55–57,71,72,76,79]. Similarly, both presence and absence of high molecular
weight VWF multimers in CLD patients were demonstrated [16,71,72]. No differences in VWF and
ADAMTS13 levels were seen between different CLD etiologies [57].

5. Chronic Liver Disease and Global Hemostasis Tests

Global hemostasis tests like viscoelastic testing (VET) and the thrombin generation assay
(platelet-rich plasma/whole blood) take into account the role of platelets and other blood components.

5.1. Use of Viscoelastic Assays and the Role of Platelets

Viscoelastic testing (VET) gives a more global picture of the hemostatic system compared to routine
coagulation testing by better approaching in vivo clot formation. It is performed on whole blood
taking into account platelets and other figurative elements. Two techniques are available: rotational
thromboelastometry and thromboelastography. A limitation of VET is the lack of thrombomodulin,
needed for full activation of protein C, and the insensitivity to VWF. VET parameters like maximal clot
firmness (thromboelastometry) and maximal amplitude (thromboelastography) reflect platelet count
but are largely independent of platelet function [83]. In stable cirrhosis, platelets are suggested to be the
main determinant of clot formation [84]. VET is readily used in cardiothoracic surgery and bleeding
trauma patients to guide transfusion. Similarly, in liver transplantation and invasive procedures in
cirrhotic patients, VET can be used to guide blood product administration [85–89], although maximal
clot firmness in FIBTEM conditions (addition of platelet inhibitor; thromboelastometry) is possibly
less accurate in very low levels of fibrinogen (< 100 mg/dL) [90]. In CLD patients, outside the context
of liver transplantation, VET parameters correlated well with platelet count, fibrinogen level and
severity of liver disease [84,91,92]. Multiple authors reported both normal and hypocoagulable profiles
in cirrhotic patients [91–95]. In a subset of patients with cholestatic cirrhosis, a hypercoagulable
profile was shown [94]. No difference was, however, seen in viscoelastic parameters between
stable cirrhotic patients with and without histories of bleeding or thrombosis [84,93]. Accordingly,
thromboelastography parameters did not predict bleeding or thrombosis in cirrhotic patients with
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different etiologies [94]. A limitation of VET is the lack of a validated target level for cirrhotic patients
in evaluation of their hemostatic system (for example in a pre-operative context) [24].

5.2. Thrombin Generation Assay

In the majority of centers, the thrombin generation assay is performed on platelet-poor plasma
with or without thrombomodulin. Tripodi et al reported a minimum platelet count necessary for
normal thrombin generation (56 × 109/L) in platelet-rich plasma [27]. Very recently, Wan et al
compared thrombin generation in whole blood with platelet-poor plasma in patients with cirrhosis
and controls [96]. The advantage of a whole blood assay is the interaction with platelets, but also
with leukocytes and erythrocytes. They reported lower peak thrombin generation in whole blood
but preserved endogenous thrombin potential compared to controls. The authors hypothesize that
this discordance between peak and endogenous thrombin potential could be explained by the more
important impact of platelet and erythrocyte count on peak thrombin generation [97,98]. Interestingly,
the anticoagulant effect of thrombomodulin was much less pronounced in the whole blood assay
compared to platelet-poor plasma.

6. Conclusions

The study of primary hemostasis in CLD is complex and has not been extensively studied over the
past decade. This is in part due to the technical difficulties met in studying platelets. Platelets are fragile
and very easily activated in vitro. Platelet assays are not standardized: varying concentrations of
agonists are, for example, used. Differences between studies can also be explained by the heterogeneity
of the CLD population: different degrees of severity and different etiologies. Although no clear-cut
platelet target is available, TPO agonists avatrombopag and lusutrombopag are a good alternative
in CLD patients with severe thrombocytopenia before a high-risk invasive procedure. VWF plasma
levels are increased in cirrhotic patients and support primary hemostasis in reconstituted blood
models. The recent studies that did report in vivo platelet activation mostly analyzed soluble markers.
An exception is the key study by Raparelli et al [54]. Overall, there is no clear consensus between
papers regarding primary hemostasis in CLD. Ideally, platelet function tests approach in vivo platelet
activation with minimal manipulation. In our opinion, microfluidic assays with correction for platelet
count and hematocrit could be very interesting in future studies [99,100] and hopefully allow better
management and risk assessment of these complicated patients to guide therapeutic decision making.
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ADAMTS13 A Disintegrin-like And Metalloproteinase with a ThromboSpondin type 1 motif, member 13
CLD Chronic Liver Disease
c-MPL c-MyeloProliferative Leukemia protein
LPS LipoPolySaccharide acid
PFA Platelet Function Analyzer
PVT Portal Vein Thrombosis
TPO Thrombopoietin
VET Viscoelastic Testing
VWF Von Willebrand Factor



Int. J. Mol. Sci. 2020, 21, 3294 9 of 14

References

1. Lisman, T.; Stravitz, R.T. Rebalanced Hemostasis in Patients with Acute Liver Failure. Semin. Thromb. Hemost.
2015, 41, 468–473. [CrossRef] [PubMed]

2. Tripodi, A.; Mannucci, P.M. The coagulopathy of chronic liver disease. N. Engl. J. Med. 2011, 365, 147–156.
[CrossRef] [PubMed]

3. D’Amico, G.; Garcia-Pagan, J.C.; Luca, A.; Bosch, J. Hepatic vein pressure gradient reduction and prevention
of variceal bleeding in cirrhosis: A systematic review. Gastroenterology 2006, 131, 1611–1624. [CrossRef]
[PubMed]

4. Tripathi, D.; Stanley, A.J.; Hayes, P.C.; Patch, D.; Millson, C.; Mehrzad, H.; Austin, A.; Ferguson, J.W.;
Olliff, S.P.; Hudson, M.; et al. U.K. guidelines on the management of variceal haemorrhage in cirrhotic
patients. Gut 2015, 64, 1680–1704. [CrossRef]

5. Stine, J.G.; Wang, J.; Shah, P.M.; Argo, C.K.; Intagliata, N.; Uflacker, A.; Caldwell, S.H.; Northup, P.G.
Decreased portal vein velocity is predictive of the development of portal vein thrombosis: A matched
case-control study. Liver Int. 2018, 38, 94–101. [CrossRef]

6. Ambrosino, P.; Tarantino, L.; Di Minno, G.; Paternoster, M.; Graziano, V.; Petitto, M.; Nasto, A.; Di Minno, M.N.
The risk of venous thromboembolism in patients with cirrhosis. A systematic review and meta-analysis.
Thromb. Haemost. 2017, 117, 139–148. [CrossRef]

7. Villa, E.; Camma, C.; Marietta, M.; Luongo, M.; Critelli, R.; Colopi, S.; Tata, C.; Zecchini, R.; Gitto, S.;
Petta, S.; et al. Enoxaparin prevents portal vein thrombosis and liver decompensation in patients with
advanced cirrhosis. Gastroenterology 2012, 143, 1253–1260. [CrossRef]

8. Basili, S.; Raparelli, V.; Riggio, O.; Merli, M.; Carnevale, R.; Angelico, F.; Tellan, G.; Pignatelli, P.; Violi, F.;
Group, C. NADPH oxidase-mediated platelet isoprostane over-production in cirrhotic patients: Implication
for platelet activation. Liver Int. 2011, 31, 1533–1540. [CrossRef]

9. Gatt, A.; Riddell, A.; Calvaruso, V.; Tuddenham, E.G.; Makris, M.; Burroughs, A.K. Enhanced thrombin
generation in patients with cirrhosis-induced coagulopathy. J. Thromb. Haemost. 2010, 8, 1994–2000.
[CrossRef]

10. Hugenholtz, G.C.; Macrae, F.; Adelmeijer, J.; Dulfer, S.; Porte, R.J.; Lisman, T.; Ariens, R.A. Procoagulant
changes in fibrin clot structure in patients with cirrhosis are associated with oxidative modifications
of fibrinogen. J. Thromb. Haemost. 2016, 14, 1054–1066. [CrossRef]

11. Violi, F.; Basili, S.; Raparelli, V.; Chowdary, P.; Gatt, A.; Burroughs, A.K. Patients with liver cirrhosis suffer
from primary haemostatic defects? Fact or fiction? J. Hepatol. 2011, 55, 1415–1427. [CrossRef] [PubMed]

12. Tripodi, A.; Primignani, M.; Lemma, L.; Chantarangkul, V.; Dell’Era, A.; Iannuzzi, F.; Aghemo, A.;
Mannucci, P.M. Detection of the imbalance of procoagulant versus anticoagulant factors in cirrhosis by a
simple laboratory method. Hepatology 2010, 52, 249–255. [CrossRef] [PubMed]

13. Massicotte, L.; Denault, A.Y.; Beaulieu, D.; Thibeault, L.; Hevesi, Z.; Nozza, A.; Lapointe, R.; Roy, A.
Transfusion rate for 500 consecutive liver transplantations: Experience of one liver transplantation center.
Transplantation 2012, 93, 1276–1281. [CrossRef] [PubMed]

14. Bashour, F.N.; Teran, J.C.; Mullen, K.D. Prevalence of peripheral blood cytopenias (hypersplenism) in patients
with nonalcoholic chronic liver disease. Am. J. Gastroenterol. 2000, 95, 2936–2939. [CrossRef] [PubMed]

15. Lisman, T.; Adelmeijer, J.; de Groot, P.G.; Janssen, H.L.; Leebeek, F.W. No evidence for an intrinsic platelet
defect in patients with liver cirrhosis–studies under flow conditions. J. Thromb. Haemost. 2006, 4, 2070–2072.
[CrossRef]

16. Lisman, T.; Bongers, T.N.; Adelmeijer, J.; Janssen, H.L.; de Maat, M.P.; de Groot, P.G.; Leebeek, F.W. Elevated
levels of von Willebrand Factor in cirrhosis support platelet adhesion despite reduced functional capacity.
Hepatology 2006, 44, 53–61. [CrossRef]

17. Basili, S.; Raparelli, V.; Napoleone, L.; Talerico, G.; Corazza, G.R.; Perticone, F.; Sacerdoti, D.; Andriulli, A.;
Licata, A.; Pietrangelo, A.; et al. Platelet Count Does Not Predict Bleeding in Cirrhotic Patients: Results from
the PRO-LIVER Study. Am. J. Gastroenterol. 2018, 113, 368–375. [CrossRef]

18. Peck-Radosavljevic, M. Thrombocytopenia in chronic liver disease. Liver Int. 2017, 37, 778–793. [CrossRef]
19. Lisman, T.; Luyendyk, J.P. Platelets as Modulators of Liver Diseases. Semin. Thromb. Hemost. 2018, 44,

114–125. [CrossRef]

http://dx.doi.org/10.1055/s-0035-1550430
http://www.ncbi.nlm.nih.gov/pubmed/26049071
http://dx.doi.org/10.1056/NEJMra1011170
http://www.ncbi.nlm.nih.gov/pubmed/21751907
http://dx.doi.org/10.1053/j.gastro.2006.09.013
http://www.ncbi.nlm.nih.gov/pubmed/17101332
http://dx.doi.org/10.1136/gutjnl-2015-309262
http://dx.doi.org/10.1111/liv.13500
http://dx.doi.org/10.1160/TH16-06-0450
http://dx.doi.org/10.1053/j.gastro.2012.07.018
http://dx.doi.org/10.1111/j.1478-3231.2011.02617.x
http://dx.doi.org/10.1111/j.1538-7836.2010.03937.x
http://dx.doi.org/10.1111/jth.13278
http://dx.doi.org/10.1016/j.jhep.2011.06.008
http://www.ncbi.nlm.nih.gov/pubmed/21718668
http://dx.doi.org/10.1002/hep.23653
http://www.ncbi.nlm.nih.gov/pubmed/20578143
http://dx.doi.org/10.1097/TP.0b013e318250fc25
http://www.ncbi.nlm.nih.gov/pubmed/22617090
http://dx.doi.org/10.1111/j.1572-0241.2000.02325.x
http://www.ncbi.nlm.nih.gov/pubmed/11051371
http://dx.doi.org/10.1111/j.1538-7836.2006.02122.x
http://dx.doi.org/10.1002/hep.21231
http://dx.doi.org/10.1038/ajg.2017.457
http://dx.doi.org/10.1111/liv.13317
http://dx.doi.org/10.1055/s-0037-1604091


Int. J. Mol. Sci. 2020, 21, 3294 10 of 14

20. Ibrahim, E.H.; Marzouk, S.A.; Zeid, A.E.; Lashen, S.A.; Taher, T.M. Role of the von Willebrand factor and
the VITRO score as predictors for variceal bleeding in patients with hepatitis C-related cirrhosis. Eur. J.
Gastroenterol. Hepatol. 2019, 31, 241–247. [CrossRef]

21. Rogalski, P.; Rogalska-Plonska, M.; Wroblewski, E.; Kostecka-Roslen, I.; Dabrowska, M.;
Swidnicka-Siergiejko, A.; Wasielica-Berger, J.; Cydzik, M.; Hirnle, T.; Dobrzycki, S.; et al. Blood platelet
function abnormalities in cirrhotic patients with esophageal varices in relation to the variceal bleeding history.
Scand. J. Gastroenterol. 2019, 54, 311–318. [CrossRef] [PubMed]

22. Berzigotti, A.; Seijo, S.; Arena, U.; Abraldes, J.G.; Vizzutti, F.; Garcia-Pagan, J.C.; Pinzani, M.; Bosch, J.
Elastography, spleen size, and platelet count identify portal hypertension in patients with compensated
cirrhosis. Gastroenterology 2013, 144, 102–111. [CrossRef] [PubMed]

23. Cho, J.; Choi, S.M.; Yu, S.J.; Park, Y.S.; Lee, C.H.; Lee, S.M.; Yim, J.J.; Yoo, C.G.; Kim, Y.W.; Han, S.K.; et al.
Bleeding complications in critically ill patients with liver cirrhosis. Korean J. Intern. Med. 2016, 31, 288–295.
[CrossRef] [PubMed]

24. O’Leary, J.G.; Greenberg, C.S.; Patton, H.M.; Caldwell, S.H. AGA Clinical Practice Update: Coagulation
in Cirrhosis. Gastroenterology 2019, 157, 34–43. [CrossRef] [PubMed]

25. Li, J.; Han, B.; Li, H.; Deng, H.; Mendez-Sanchez, N.; Guo, X.; Qi, X. Association of coagulopathy with the risk
of bleeding after invasive procedures in liver cirrhosis. Saudi J. Gastroenterol. 2018, 24, 220–227. [CrossRef]

26. Seeff, L.B.; Everson, G.T.; Morgan, T.R.; Curto, T.M.; Lee, W.M.; Ghany, M.G.; Shiffman, M.L.; Fontana, R.J.;
Di Bisceglie, A.M.; Bonkovsky, H.L.; et al. Complication rate of percutaneous liver biopsies among persons
with advanced chronic liver disease in the HALT-C trial. Clin. Gastroenterol. Hepatol. 2010, 8, 877–883.
[CrossRef]

27. Tripodi, A.; Primignani, M.; Chantarangkul, V.; Clerici, M.; Dell’Era, A.; Fabris, F.; Salerno, F.; Mannucci, P.M.
Thrombin generation in patients with cirrhosis: The role of platelets. Hepatology 2006, 44, 440–445. [CrossRef]

28. Giannini, E.G.; Greco, A.; Marenco, S.; Andorno, E.; Valente, U.; Savarino, V. Incidence of bleeding following
invasive procedures in patients with thrombocytopenia and advanced liver disease. Clin. Gastroenterol. Hepatol.
2010, 8, 899–902. [CrossRef]

29. Napolitano, G.; Iacobellis, A.; Merla, A.; Niro, G.; Valvano, M.R.; Terracciano, F.; Siena, D.; Caruso, M.;
Ippolito, A.; Mannuccio, P.M.; et al. Bleeding after invasive procedures is rare and unpredicted by platelet
counts in cirrhotic patients with thrombocytopenia. Eur. J. Intern. Med. 2017, 38, 79–82. [CrossRef]

30. Tripodi, A.; Primignani, M.; Chantarangkul, V.; Lemma, L.; Jovani, M.; Rebulla, P.; Mannucci, P.M.
Global hemostasis tests in patients with cirrhosis before and after prophylactic platelet transfusion. Liver Int.
2013, 33, 362–367. [CrossRef]

31. Afdhal, N.; McHutchison, J.; Brown, R.; Jacobson, I.; Manns, M.; Poordad, F.; Weksler, B.; Esteban, R.
Thrombocytopenia associated with chronic liver disease. J. Hepatol. 2008, 48, 1000–1007. [CrossRef]

32. Mitchell, O.; Feldman, D.M.; Diakow, M.; Sigal, S.H. The pathophysiology of thrombocytopenia in chronic
liver disease. Hepat. Med. 2016, 8, 39–50. [CrossRef]

33. Witters, P.; Freson, K.; Verslype, C.; Peerlinck, K.; Hoylaerts, M.; Nevens, F.; Van Geet, C.; Cassiman, D.
Review article: Blood platelet number and function in chronic liver disease and cirrhosis. Aliment. Pharm.
2008, 27, 1017–1029. [CrossRef]

34. Metcalf, D. Blood. Thrombopoietin–at last. Nature 1994, 369, 519–520. [CrossRef] [PubMed]
35. Koike, Y.; Yoneyama, A.; Shirai, J.; Ishida, T.; Shoda, E.; Miyazaki, K.; Sunaga, S.; Horie, R.; Aoki, K.;

Koike, K.; et al. Evaluation of thrombopoiesis in thrombocytopenic disorders by simultaneous measurement
of reticulated platelets of whole blood and serum thrombopoietin concentrations. Thromb. Haemost. 1998, 79,
1106–1110. [PubMed]

36. Koruk, M.; Onuk, M.D.; Akcay, F.; Savas, M.C. Serum thrombopoietin levels in patients with chronic hepatitis
and liver cirrhosis, and its relationship with circulating thrombocyte counts. Hepatogastroenterology 2002, 49,
1645–1648.

37. Panasiuk, A.; Prokopowicz, D.; Zak, J.; Panasiuk, B. Reticulated platelets as a marker of megakaryopoiesis
in liver cirrhosis; relation to thrombopoietin and hepatocyte growth factor serum concentration.
Hepatogastroenterology 2004, 51, 1124–1128.

38. Kajihara, M.; Okazaki, Y.; Kato, S.; Ishii, H.; Kawakami, Y.; Ikeda, Y.; Kuwana, M. Evaluation of platelet kinetics
in patients with liver cirrhosis: Similarity to idiopathic thrombocytopenic purpura. J. Gastroenterol. Hepatol.
2007, 22, 112–118. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/MEG.0000000000001272
http://dx.doi.org/10.1080/00365521.2019.1578822
http://www.ncbi.nlm.nih.gov/pubmed/30907172
http://dx.doi.org/10.1053/j.gastro.2012.10.001
http://www.ncbi.nlm.nih.gov/pubmed/23058320
http://dx.doi.org/10.3904/kjim.2014.152
http://www.ncbi.nlm.nih.gov/pubmed/26805633
http://dx.doi.org/10.1053/j.gastro.2019.03.070
http://www.ncbi.nlm.nih.gov/pubmed/30986390
http://dx.doi.org/10.4103/sjg.SJG_486_17
http://dx.doi.org/10.1016/j.cgh.2010.03.025
http://dx.doi.org/10.1002/hep.21266
http://dx.doi.org/10.1016/j.cgh.2010.06.018
http://dx.doi.org/10.1016/j.ejim.2016.11.007
http://dx.doi.org/10.1111/liv.12038
http://dx.doi.org/10.1016/j.jhep.2008.03.009
http://dx.doi.org/10.2147/hmer.S74612
http://dx.doi.org/10.1111/j.1365-2036.2008.03674.x
http://dx.doi.org/10.1038/369519a0
http://www.ncbi.nlm.nih.gov/pubmed/8202150
http://www.ncbi.nlm.nih.gov/pubmed/9657432
http://dx.doi.org/10.1111/j.1440-1746.2006.04359.x
http://www.ncbi.nlm.nih.gov/pubmed/17201890


Int. J. Mol. Sci. 2020, 21, 3294 11 of 14

39. Sanjo, A.; Satoi, J.; Ohnishi, A.; Maruno, J.; Fukata, M.; Suzuki, N. Role of elevated platelet-associated
immunoglobulin G and hypersplenism in thrombocytopenia of chronic liver diseases. J. Gastroenterol. Hepatol.
2003, 18, 638–644. [CrossRef] [PubMed]

40. Sezai, S.; Kamisaka, K.; Ikegami, F.; Usuki, K.; Urabe, A.; Tahara, T.; Kato, T.; Miyazaki, H. Regulation of
hepatic thrombopoietin production by portal hemodynamics in liver cirrhosis. Am. J. Gastroenterol. 1998, 93,
80–82. [CrossRef] [PubMed]

41. Ishikawa, T.; Ichida, T.; Sugahara, S.; Yamagiwa, S.; Matsuda, Y.; Uehara, K.; Kato, T.; Miyazaki, H.;
Asakura, H. Thrombopoietin receptor (c-Mpl) is constitutively expressed on platelets of patients with liver
cirrhosis, and correlates with its disease progression. Hepatol. Res. 2002, 23, 115–121. [CrossRef]

42. Wolber, E.M.; Ganschow, R.; Burdelski, M.; Jelkmann, W. Hepatic thrombopoietin mRNA levels in acute and
chronic liver failure of childhood. Hepatology 1999, 29, 1739–1742. [CrossRef] [PubMed]

43. Afdhal, N.H.; Giannini, E.G.; Tayyab, G.; Mohsin, A.; Lee, J.W.; Andriulli, A.; Jeffers, L.; McHutchison, J.;
Chen, P.J.; Han, K.H.; et al. Eltrombopag before procedures in patients with cirrhosis and thrombocytopenia.
N. Engl. J. Med. 2012, 367, 716–724. [CrossRef] [PubMed]

44. Hidaka, H.; Kurosaki, M.; Tanaka, H.; Kudo, M.; Abiru, S.; Igura, T.; Ishikawa, T.; Seike, M.; Katsube, T.;
Ochiai, T.; et al. Lusutrombopag Reduces Need for Platelet Transfusion in Patients With Thrombocytopenia
Undergoing Invasive Procedures. Clin. Gastroenterol. Hepatol. 2019, 17, 1192–1200. [CrossRef] [PubMed]

45. Peck-Radosavljevic, M.; Simon, K.; Iacobellis, A.; Hassanein, T.; Kayali, Z.; Tran, A.; Makara, M.; Ben Ari, Z.;
Braun, M.; Mitrut, P.; et al. Lusutrombopag for the Treatment of Thrombocytopenia in Patients With Chronic
Liver Disease Undergoing Invasive Procedures (L-PLUS 2). Hepatology 2019, 70, 1336–1348. [CrossRef]

46. Terrault, N.; Chen, Y.C.; Izumi, N.; Kayali, Z.; Mitrut, P.; Tak, W.Y.; Allen, L.F.; Hassanein, T. Avatrombopag
Before Procedures Reduces Need for Platelet Transfusion in Patients With Chronic Liver Disease
and Thrombocytopenia. Gastroenterology 2018, 155, 705–718. [CrossRef]

47. Pivalizza, E.G.; Melnikov, V.; Guzman-Reyes, S.; Marasigan, B. Thrombelastograph platelet mapping in a
patient receiving antiplatelet therapy. Liver Transpl. 2010, 16, 919, author reply 920. [CrossRef]

48. Nielsen, N.S.; Jespersen, S.; Gaardbo, J.C.; Arnbjerg, C.J.; Clausen, M.R.; Kjaer, M.; Gerstoft, J.; Ballegaard, V.;
Ostrowski, S.R.; Nielsen, S.D. Impaired Platelet Aggregation and Rebalanced Hemostasis in Patients with
Chronic Hepatitis C Virus Infection. Int. J. Mol. Sci. 2017, 18, 1016. [CrossRef]

49. Juttner, B.; Brock, J.; Weissig, A.; Becker, T.; Studzinski, A.; Osthaus, W.A.; Bornscheuer, A.; Scheinichen, D.
Dependence of platelet function on underlying liver disease in orthotopic liver transplantation. Thromb. Res.
2009, 124, 433–438. [CrossRef]

50. Wosiewicz, P.; Zorniak, M.; Hartleb, M.; Baranski, K.; Hartleb, M.; Onyszczuk, M.; Pilch-Kowalczyk, J.;
Kyrcz-Krzemien, S. Portal vein thrombosis in cirrhosis is not associated with intestinal barrier disruption or
increased platelet aggregability. Clin. Res. Hepatol. Gastroenterol. 2016, 40, 722–729. [CrossRef]

51. Bonnet, N.; Paul, J.; Helleputte, T.; Veyckemans, F.; Pirotte, T.; Pregardien, C.; Eeckhoudt, S.; Hermans, C.;
Detaille, T.; Clapuyt, P.; et al. Novel insights into the assessment of risk of upper gastrointestinal bleeding in
decompensated cirrhotic children. Pediatr. Transpl. 2019, 23, e13390. [CrossRef]

52. Eyraud, D.; Suner, L.; Dupont, A.; Bachelot-Loza, C.; Smadja, D.M.; Helley, D.; Bertil, S.; Gostian, O.;
Szymezak, J.; Loncar, Y.; et al. Evolution of platelet functions in cirrhotic patients undergoing liver
transplantation: A prospective exploration over a month. PLoS ONE 2018, 13, e0200364. [CrossRef]
[PubMed]

53. Vinholt, P.J.; Hvas, A.M.; Nielsen, C.; Soderstrom, A.C.; Sprogoe, U.; Fialla, A.D.; Nybo, M. Reduced platelet
activation and platelet aggregation in patients with alcoholic liver cirrhosis. Platelets 2018, 29, 520–527.
[CrossRef] [PubMed]

54. Raparelli, V.; Basili, S.; Carnevale, R.; Napoleone, L.; Del Ben, M.; Nocella, C.; Bartimoccia, S.; Lucidi, C.;
Talerico, G.; Riggio, O.; et al. Low-grade endotoxemia and platelet activation in cirrhosis. Hepatology 2017,
65, 571–581. [CrossRef] [PubMed]

55. Alkozai, E.M.; Porte, R.J.; Adelmeijer, J.; Zanetto, A.; Simioni, P.; Senzolo, M.; Lisman, T. No evidence for
increased platelet activation in patients with hepatitis B- or C-related cirrhosis and hepatocellular carcinoma.
Thromb. Res. 2015, 135, 292–297. [CrossRef] [PubMed]

56. Potze, W.; Siddiqui, M.S.; Boyett, S.L.; Adelmeijer, J.; Daita, K.; Sanyal, A.J.; Lisman, T. Preserved hemostatic
status in patients with non-alcoholic fatty liver disease. J. Hepatol. 2016, 65, 980–987. [CrossRef]

http://dx.doi.org/10.1046/j.1440-1746.2003.03026.x
http://www.ncbi.nlm.nih.gov/pubmed/12753144
http://dx.doi.org/10.1111/j.1572-0241.1998.080_c.x
http://www.ncbi.nlm.nih.gov/pubmed/9448180
http://dx.doi.org/10.1016/S1386-6346(01)00170-X
http://dx.doi.org/10.1002/hep.510290627
http://www.ncbi.nlm.nih.gov/pubmed/10347116
http://dx.doi.org/10.1056/NEJMoa1110709
http://www.ncbi.nlm.nih.gov/pubmed/22913681
http://dx.doi.org/10.1016/j.cgh.2018.11.047
http://www.ncbi.nlm.nih.gov/pubmed/30502505
http://dx.doi.org/10.1002/hep.30561
http://dx.doi.org/10.1053/j.gastro.2018.05.025
http://dx.doi.org/10.1002/lt.22089
http://dx.doi.org/10.3390/ijms18051016
http://dx.doi.org/10.1016/j.thromres.2009.06.011
http://dx.doi.org/10.1016/j.clinre.2016.03.008
http://dx.doi.org/10.1111/petr.13390
http://dx.doi.org/10.1371/journal.pone.0200364
http://www.ncbi.nlm.nih.gov/pubmed/30071043
http://dx.doi.org/10.1080/09537104.2017.1349308
http://www.ncbi.nlm.nih.gov/pubmed/28895774
http://dx.doi.org/10.1002/hep.28853
http://www.ncbi.nlm.nih.gov/pubmed/27641757
http://dx.doi.org/10.1016/j.thromres.2014.11.016
http://www.ncbi.nlm.nih.gov/pubmed/25434630
http://dx.doi.org/10.1016/j.jhep.2016.06.001


Int. J. Mol. Sci. 2020, 21, 3294 12 of 14

57. Bos, S.; van den Boom, B.; Kamphuisen, P.W.; Adelmeijer, J.; Blokzijl, H.; Schreuder, T.; Lisman, T. Haemostatic
Profiles are Similar across All Aetiologies of Cirrhosis. Thromb. Haemost. 2019, 119, 246–253. [CrossRef]

58. Sayed, D.; Amin, N.F.; Galal, G.M. Monocyte-platelet aggregates and platelet micro-particles in patients with
post-hepatitic liver cirrhosis. Thromb. Res. 2010, 125, e228–e233. [CrossRef]

59. Panasiuk, A.; Zak, J.; Kasprzycka, E.; Janicka, K.; Prokopowicz, D. Blood platelet and monocyte activations
and relation to stages of liver cirrhosis. World J. Gastroenterol. 2005, 11, 2754–2758. [CrossRef]

60. Stoy, S.; Patel, V.C.; Sturgeon, J.P.; Manakkat Vijay, G.K.; Lisman, T.; Bernal, W.; Shawcross, D.L.
Platelet-leucocyte aggregation is augmented in cirrhosis and further increased by platelet transfusion.
Aliment. Pharm. 2018, 47, 1375–1386. [CrossRef]

61. Basili, S.; Raparelli, V.; Napoleone, L.; Del Ben, M.; Merli, M.; Riggio, O.; Nocella, C.; Carnevale, R.;
Pignatelli, P.; Violi, F.; et al. Polyunsaturated fatty acids balance affects platelet NOX2 activity in patients
with liver cirrhosis. Dig. Liver Dis. 2014, 46, 632–638. [CrossRef] [PubMed]

62. Queck, A.; Carnevale, R.; Uschner, F.E.; Schierwagen, R.; Klein, S.; Jansen, C.; Meyer, C.; Praktiknjo, M.;
Thomas, D.; Strassburg, C.; et al. Role of portal venous platelet activation in patients with decompensated
cirrhosis and TIPS. Gut 2019. [CrossRef] [PubMed]

63. Queck, A.; Thomas, D.; Jansen, C.; Schreiber, Y.; Ruschenbaum, S.; Praktiknjo, M.; Schwarzkopf, K.M.;
Mucke, M.M.; Schierwagen, R.; Uschner, F.E.; et al. Pathophysiological role of prostanoids in coagulation of
the portal venous system in liver cirrhosis. PLoS ONE 2019, 14, e0222840. [CrossRef] [PubMed]

64. Egan, K.; Dillon, A.; Dunne, E.; Kevane, B.; Galvin, Z.; Maguire, P.; Kenny, D.; Stewart, S.; Ainle, F.N.
Increased soluble GPVI levels in cirrhosis: Evidence for early in vivo platelet activation. J. Thromb.
Thrombolysis 2017, 43, 54–59. [CrossRef] [PubMed]

65. Lisman, T. Assessing in vivo platelet activation in patients with liver diseases. J. Thromb. Thrombolysis 2017,
43, 52–53. [CrossRef]

66. Lisman, T.; Porte, R.J. Pitfalls in assessing platelet activation status in patients with liver disease. Liver Int.
2012, 32, 1027, author reply 1028. [CrossRef]

67. Gresele, P.; Bury, L.; Mezzasoma, A.M.; Falcinelli, E. Platelet function assays in diagnosis: An update.
Expert Rev. Hematol. 2019, 12, 29–46. [CrossRef]

68. Ghozlan, M.; Saad, A.; Eissa, D.; Abdella, H. Evaluation of platelet dysfunction in viral liver cirrhosis
(relationship to disease severity). Egypt. J. Haematol. 2013, 38, 63–67. [CrossRef]

69. Wannhoff, A.; Muller, O.J.; Friedrich, K.; Rupp, C.; Kloters-Plachky, P.; Leopold, Y.; Brune, M.; Senner, M.;
Weiss, K.H.; Stremmel, W.; et al. Effects of increased von Willebrand factor levels on primary hemostasis in
thrombocytopenic patients with liver cirrhosis. PLoS ONE 2014, 9, e112583. [CrossRef]

70. Debernardi Venon, W.; Ponzo, P.; Sacco, M.; Mengozzi, G.; Raso, S.; Valpreda, A.; Rizzetto, M.; Marzano, A.
Usefulness of thromboelastometry in predicting the risk of bleeding in cirrhotics who undergo invasive
procedures. Eur. J. Gastroenterol. Hepatol. 2015, 27, 1313–1319. [CrossRef]

71. Uemura, M.; Fujimura, Y.; Ko, S.; Matsumoto, M.; Nakajima, Y.; Fukui, H. Pivotal role of ADAMTS13 function
in liver diseases. Int. J. Hematol. 2010, 91, 20–29. [CrossRef]

72. Palyu, E.; Harsfalvi, J.; Tornai, T.; Papp, M.; Udvardy, M.; Szekeres-Csiki, K.; Pataki, L.; Vanhoorelbeke, K.;
Feys, H.B.; Deckmyn, H.; et al. Major Changes of von Willebrand Factor Multimer Distribution in Cirrhotic
Patients with Stable Disease or Acute Decompensation. Thromb. Haemost. 2018, 118, 1397–1408. [CrossRef]
[PubMed]

73. Wu, H.; Yan, S.; Wang, G.; Cui, S.; Zhang, C.; Zhu, Q. von Willebrand factor as a novel noninvasive predictor
of portal hypertension and esophageal varices in hepatitis B patients with cirrhosis. Scand. J. Gastroenterol.
2015, 50, 1160–1169. [CrossRef] [PubMed]

74. Kalambokis, G.N.; Oikonomou, A.; Christou, L.; Baltayiannis, G. High von Willebrand factor antigen
levels and procoagulant imbalance may be involved in both increasing severity of cirrhosis and portal vein
thrombosis. Hepatology 2016, 64, 1383–1385. [CrossRef] [PubMed]

75. Kalambokis, G.N.; Oikonomou, A.; Christou, L.; Kolaitis, N.I.; Tsianos, E.V.; Christodoulou, D.; Baltayiannis, G.
von Willebrand factor and procoagulant imbalance predict outcome in patients with cirrhosis and
thrombocytopenia. J. Hepatol. 2016, 65, 921–928. [CrossRef] [PubMed]

76. Fisher, C.; Patel, V.C.; Stoy, S.H.; Singanayagam, A.; Adelmeijer, J.; Wendon, J.; Shawcross, D.L.; Lisman, T.;
Bernal, W. Balanced haemostasis with both hypo- and hyper-coagulable features in critically ill patients with
acute-on-chronic-liver failure. J. Crit. Care 2018, 43, 54–60. [CrossRef] [PubMed]

http://dx.doi.org/10.1055/s-0038-1676954
http://dx.doi.org/10.1016/j.thromres.2009.12.002
http://dx.doi.org/10.3748/wjg.v11.i18.2754
http://dx.doi.org/10.1111/apt.14600
http://dx.doi.org/10.1016/j.dld.2014.02.021
http://www.ncbi.nlm.nih.gov/pubmed/24703705
http://dx.doi.org/10.1136/gutjnl-2019-319044
http://www.ncbi.nlm.nih.gov/pubmed/31270166
http://dx.doi.org/10.1371/journal.pone.0222840
http://www.ncbi.nlm.nih.gov/pubmed/31644538
http://dx.doi.org/10.1007/s11239-016-1401-0
http://www.ncbi.nlm.nih.gov/pubmed/27416950
http://dx.doi.org/10.1007/s11239-016-1405-9
http://dx.doi.org/10.1111/j.1478-3231.2011.02737.x
http://dx.doi.org/10.1080/17474086.2019.1562333
http://dx.doi.org/10.7123/01.Ejh.0000427964.00166.73
http://dx.doi.org/10.1371/journal.pone.0112583
http://dx.doi.org/10.1097/MEG.0000000000000442
http://dx.doi.org/10.1007/s12185-009-0481-4
http://dx.doi.org/10.1055/s-0038-1661393
http://www.ncbi.nlm.nih.gov/pubmed/29972862
http://dx.doi.org/10.3109/00365521.2015.1037346
http://www.ncbi.nlm.nih.gov/pubmed/25877661
http://dx.doi.org/10.1002/hep.28703
http://www.ncbi.nlm.nih.gov/pubmed/27348208
http://dx.doi.org/10.1016/j.jhep.2016.06.002
http://www.ncbi.nlm.nih.gov/pubmed/27297911
http://dx.doi.org/10.1016/j.jcrc.2017.07.053
http://www.ncbi.nlm.nih.gov/pubmed/28843665


Int. J. Mol. Sci. 2020, 21, 3294 13 of 14

77. Bilgir, O.; Bilgir, F.; Bozkaya, G.; Calan, M. Changes in the levels of endothelium-derived coagulation
parameters in nonalcoholic fatty liver disease. Blood Coagul. Fibrinolysis Int. J. Haemost. Thromb. 2014, 25,
151–155. [CrossRef] [PubMed]

78. Hattori, M.; Fukuda, Y.; Imoto, M.; Koyama, Y.; Nakano, I.; Urano, F. Histochemical properties of vascular
and sinusoidal endothelial cells in liver diseases. Gastroenterol. Jpn. 1991, 26, 336–343. [CrossRef]

79. Arshad, F.; Stoof, S.C.; Leebeek, F.W.; Ruitenbeek, K.; Adelmeijer, J.; Blokzijl, H.; van den Berg, A.P.; Porte, R.J.;
Kruip, M.J.; Lisman, T. Infusion of DDAVP does not improve primary hemostasis in patients with cirrhosis.
Liver Int. 2015, 35, 1809–1815. [CrossRef]

80. Stanca, C.M.; Montazem, A.H.; Lawal, A.; Zhang, J.X.; Schiano, T.D. Intranasal desmopressin versus blood
transfusion in cirrhotic patients with coagulopathy undergoing dental extraction: A randomized controlled
trial. J. Oral Maxillofac Surg. 2010, 68, 138–143. [CrossRef]

81. Uemura, M.; Tatsumi, K.; Matsumoto, M.; Fujimoto, M.; Matsuyama, T.; Ishikawa, M.; Iwamoto, T.A.;
Mori, T.; Wanaka, A.; Fukui, H.; et al. Localization of ADAMTS13 to the stellate cells of human liver. Blood
2005, 106, 922–924. [CrossRef]

82. Zhou, W.; Inada, M.; Lee, T.P.; Benten, D.; Lyubsky, S.; Bouhassira, E.E.; Gupta, S.; Tsai, H.M. ADAMTS13
is expressed in hepatic stellate cells. Lab. Investig. A J. Tech. Methods Pathol. 2005, 85, 780–788. [CrossRef]
[PubMed]

83. Michelson, M.C.; Andrew, F.; Peter, N. Chapter 33: Clinical tests of platelet function. In Platelets, 4th ed.;
Academic Press: London, UK, 2019.

84. Tripodi, A.; Primignani, M.; Chantarangkul, V.; Viscardi, Y.; Dell’Era, A.; Fabris, F.M.; Mannucci, P.M.
The coagulopathy of cirrhosis assessed by thromboelastometry and its correlation with conventional
coagulation parameters. Thromb. Res. 2009, 124, 132–136. [CrossRef]

85. Blasi, A.; Beltran, J.; Pereira, A.; Martinez-Palli, G.; Torrents, A.; Balust, J.; Zavala, E.; Taura, P.;
Garcia-Valdecasas, J.C. An assessment of thromboelastometry to monitor blood coagulation and guide
transfusion support in liver transplantation. Transfusion 2012, 52, 1989–1998. [CrossRef] [PubMed]

86. Jeong, S.M.; Song, J.G.; Seo, H.; Choi, J.H.; Jang, D.M.; Hwang, G.S. Quantification of Both Platelet
Count and Fibrinogen Concentration Using Maximal Clot Firmness of Thromboelastometry During Liver
Transplantation. Transpl. Proc. 2015, 47, 1890–1895. [CrossRef] [PubMed]

87. Wang, S.C.; Shieh, J.F.; Chang, K.Y.; Chu, Y.C.; Liu, C.S.; Loong, C.C.; Chan, K.H.; Mandell, S.; Tsou, M.Y.
Thromboelastography-guided transfusion decreases intraoperative blood transfusion during orthotopic liver
transplantation: Randomized clinical trial. Transpl. Proc. 2010, 42, 2590–2593. [CrossRef]

88. De Pietri, L.; Bianchini, M.; Montalti, R.; De Maria, N.; Di Maira, T.; Begliomini, B.; Gerunda, G.E.; di
Benedetto, F.; Garcia-Tsao, G.; Villa, E. Thrombelastography-guided blood product use before invasive
procedures in cirrhosis with severe coagulopathy: A randomized, controlled trial. Hepatology 2016, 63,
566–573. [CrossRef]

89. Trzebicki, J.; Flakiewicz, E.; Kosieradzki, M.; Blaszczyk, B.; Kolacz, M.; Jureczko, L.; Pacholczyk, M.;
Chmura, A.; Lagiewska, B.; Lisik, W.; et al. The use of thromboelastometry in the assessment of hemostasis
during orthotopic liver transplantation reduces the demand for blood products. Ann. Transpl. 2010, 15,
19–24.

90. Seo, H.; Choi, J.H.; Moon, Y.J.; Jeong, S.M. FIBTEM of Thromboelastometry does not Accurately Represent
Fibrinogen Concentration in Patients with Severe Hypofibrinogenemia During Liver Transplantation.
Ann. Transpl. 2015, 20, 342–350. [CrossRef]

91. Lentschener, C.; Flaujac, C.; Ibrahim, F.; Gouin-Thibault, I.; Bazin, M.; Sogni, P.; Samama, C.M. Assessment of
haemostasis in patients with cirrhosis: Relevance of the ROTEM tests?: A prospective, cross-sectional study.
Eur. J. Anaesthesiol. 2016, 33, 126–133. [CrossRef]

92. Shin, K.H.; Kim, I.S.; Lee, H.J.; Kim, H.H.; Chang, C.L.; Hong, Y.M.; Yoon, K.T.; Cho, M. Thromboelastographic
Evaluation of Coagulation in Patients With Liver Disease. Ann. Lab. Med. 2017, 37, 204–212. [CrossRef]

93. Kleinegris, M.C.; Bos, M.H.; Roest, M.; Henskens, Y.; Ten Cate-Hoek, A.; Van Deursen, C.; Spronk, H.M.;
Reitsma, P.H.; De Groot, P.G.; Ten Cate, H.; et al. Cirrhosis patients have a coagulopathy that is associated
with decreased clot formation capacity. J. Thromb. Haemost. 2014, 12, 1647–1657. [CrossRef] [PubMed]

94. Hugenholtz, G.C.G.; Lisman, T.; Stravitz, R.T. Thromboelastography does not predict outcome in different
etiologies of cirrhosis. Res. Pr. Thromb. Haemost. 2017, 1, 275–285. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/MBC.0000000000000009
http://www.ncbi.nlm.nih.gov/pubmed/24317388
http://dx.doi.org/10.1007/BF02781922
http://dx.doi.org/10.1111/liv.12765
http://dx.doi.org/10.1016/j.joms.2009.07.081
http://dx.doi.org/10.1182/blood-2005-01-0152
http://dx.doi.org/10.1038/labinvest.3700275
http://www.ncbi.nlm.nih.gov/pubmed/15806136
http://dx.doi.org/10.1016/j.thromres.2008.11.008
http://dx.doi.org/10.1111/j.1537-2995.2011.03526.x
http://www.ncbi.nlm.nih.gov/pubmed/22304465
http://dx.doi.org/10.1016/j.transproceed.2015.02.019
http://www.ncbi.nlm.nih.gov/pubmed/26293068
http://dx.doi.org/10.1016/j.transproceed.2010.05.144
http://dx.doi.org/10.1002/hep.28148
http://dx.doi.org/10.12659/AOT.893741
http://dx.doi.org/10.1097/EJA.0000000000000322
http://dx.doi.org/10.3343/alm.2017.37.3.204
http://dx.doi.org/10.1111/jth.12706
http://www.ncbi.nlm.nih.gov/pubmed/25142532
http://dx.doi.org/10.1002/rth2.12037
http://www.ncbi.nlm.nih.gov/pubmed/30046697


Int. J. Mol. Sci. 2020, 21, 3294 14 of 14

95. Stravitz, R.T. Potential applications of thromboelastography in patients with acute and chronic liver disease.
Gastroenterol. Hepatol. 2012, 8, 513–520.

96. Wan, J.; Roberts, L.N.; Hendrix, W.; Konings, J.; Ow, T.W.; Rabinowich, L.; Barbouti, O.; de Laat, B.; Arya, R.;
Patel, V.C.; et al. Whole blood thrombin generation profiles of patients with cirrhosis explored with a near
patient assay. J. Thromb. Haemost. 2020, 18, 834–843. [CrossRef] [PubMed]

97. Vanschoonbeek, K.; Feijge, M.A.; Van Kampen, R.J.; Kenis, H.; Hemker, H.C.; Giesen, P.L.; Heemskerk, J.W.
Initiating and potentiating role of platelets in tissue factor-induced thrombin generation in the presence of
plasma: Subject-dependent variation in thrombogram characteristics. J. Thromb. Haemost. 2004, 2, 476–484.
[CrossRef] [PubMed]

98. Walton, B.L.; Lehmann, M.; Skorczewski, T.; Holle, L.A.; Beckman, J.D.; Cribb, J.A.; Mooberry, M.J.;
Wufsus, A.R.; Cooley, B.C.; Homeister, J.W.; et al. Elevated hematocrit enhances platelet accumulation
following vascular injury. Blood 2017, 129, 2537–2546. [CrossRef]

99. De Witt, S.M.; Swieringa, F.; Cavill, R.; Lamers, M.M.; van Kruchten, R.; Mastenbroek, T.; Baaten, C.; Coort, S.;
Pugh, N.; Schulz, A.; et al. Identification of platelet function defects by multi-parameter assessment of
thrombus formation. Nat. Commun. 2014, 5, 4257. [CrossRef]

100. Van Geffen, J.P.; Brouns, S.L.N.; Batista, J.; McKinney, H.; Kempster, C.; Nagy, M.; Sivapalaratnam, S.;
Baaten, C.; Bourry, N.; Frontini, M.; et al. High-throughput elucidation of thrombus formation reveals
sources of platelet function variability. Haematologica 2019, 104, 1256–1267. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/jth.14751
http://www.ncbi.nlm.nih.gov/pubmed/31997515
http://dx.doi.org/10.1111/j.1538-7933.2004.00618.x
http://www.ncbi.nlm.nih.gov/pubmed/15009466
http://dx.doi.org/10.1182/blood-2016-10-746479
http://dx.doi.org/10.1038/ncomms5257
http://dx.doi.org/10.3324/haematol.2018.198853
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Chronic Liver Disease and Platelet Count 
	Studies on CLD and Platelet Count 
	Thrombopoietin 

	Chronic Liver Disease and Platelet Function 
	Platelet Aggregation Tests 
	Platelet Activation State by Flow Cytometry 
	Soluble Release Markers 
	Platelet Function Analyzer and Studies under Flow Conditions 

	Chronic Liver Disease and von Willebrand Factor 
	Chronic Liver Disease and Global Hemostasis Tests 
	Use of Viscoelastic Assays and the Role of Platelets 
	Thrombin Generation Assay 

	Conclusions 
	References

