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Patients with liver disease acquire substantial changes in
their hemostatic system. While historically these changes
were interpreted as indicating a bleeding tendency, we now
understand that patients with liver disease-associated
hemostatic changes do not have a “coagulopathy.” Rather,
the simultaneous decrease in pro- and antihemostatic
drivers results in a rebalanced hemostatic status.1,2 It has
been postulated that the fragile hemostatic balance can
easily be tipped toward a hypo- or hypercoagulable state,
which explains the occurrence of both bleeding and throm-
botic complications. However, a substantial proportion of
bleeding complications in patients with cirrhosis are likely
unrelated to hemostatic failure but rather relate to portal
hypertension or mechanical injury to vessels, for example,
in variceal bleeding and laceration of vessels during invasive
procedures. Thus, over the last two decades, the hemostatic
concerns in patients with liver diseases have shifted from a
real concern for bleeding and major attempts to improve
hemostasis by prophylactic use of blood products and other
hemostatic agents to a concern for thrombosis, with in-
creasing attention for the optimal use of anticoagulant
therapy.3–7

In this issue of Seminars in Thrombosis and Hemostasis, we
highlight new developments in the broad context of the
prevention and management of bleeding and thrombosis
in patientswith liver diseases. Although, unfortunately, high-
quality clinical evidence to guide hemostatic management is
still lacking, there is accumulating lower quality evidence
and increasing clinical experience to support the develop-
ment of rational management advice.

The issue starts with a contribution of Roberts and Bernal
who review the magnitude of bleeding and thrombotic
complications in patientswith acute and chronic liver failure,
with a focus on spontaneous bleeding and bleeding associat-

ed with invasive procedures including liver transplant sur-
gery.8 The authors emphasize that bleeding complications in
patients with cirrhosis are common but often appear unre-
lated to the coagulopathyof liver disease. Also, the challenges
in the prevention and treatment of thrombotic complica-
tions such as deep vein thrombosis, pulmonary embolism,
and portal vein thrombosis are discussed. Subsequently,
Northup and Davis discuss shortcomings in clinical studies
on the prevention and management of bleeding and throm-
bosis and provide recommendations for future studies.9 The
authors stress the importance of clear and validated clinical
end points, proper sample sizes, and multicenter and multi-
disciplinary efforts to take this field forward. Next, Nicoară-
Farcău et al discuss new insights into the pathogenesis and
management of cirrhotic portal vein thrombosis.10 Portal
vein thrombosis is a common complication of cirrhosis, but
whether (asymptomatic) portal vein thrombosis is just a
“predictable milestone” of cirrhosis or an active driver of
disease progression continues to be debated, and, hence, if
and who qualifies for active treatment is not fully estab-
lished. The authors summarize their approach and indicate
areas in which additional studies are required. A paper by
Khemichian and Terrault discusses the use of thrombopoie-
tin receptor agonists in patients with cirrhosis.11 Although
there is increasing consensus that the correction of a
prolonged international normalized ratio in patients with
cirrhosis prior to procedures is not required, there is no
consensus on how to handle cirrhotic thrombocytopenia in
the context of procedures. Khemichian and Terrault review
evidence on efficacy and safety of thrombopoietin receptor
agonists in cirrhosis and demonstrate that these agents
effectively increase platelet count without major side effects,
but there is little evidence that they reduce procedural
bleeding.
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The next set of papers deal with laboratory studies that
are commonly used to estimate hemostatic capacity in
patients with liver disease. Lebreton et al summarize what
we have learned from using thrombin generation tests in
patients with liver diseases and indicate issues with this
methodology.12 The authors provide recommendations for
standardizing future studies in this area and indicate a set of
analytical and preanalytical parameters that need to be
reported in published work to be able to compare the results
of different studies. While thrombin generation tests are still
a research-type assay, viscoelastic tests such as TEG (throm-
boelastography) and ROTEM (rotational thromboelastome-
try) are widely used in clinical practice to guide the
hemostatic management of patients with liver diseases.
Janko et al summarize the current use of these tests in
clinical practice and indicate limitations of these assays.13

Next, Stotts et al outline hemostatic changes in patients with
liver disease, with a focus on the wide clinical spectrum of
cirrhosis.14 The authors argue that many published data are
in mixed cohorts of patients with differing etiology and
severity of disease, and propose that future studies should
aim to dissect the varying severities, with a special focus on
isolating patients with acute-on-chronic liver failure, which
is a unique clinical syndrome with unique hemostatic
features.

Thefinal set of papers discuss specific novel developments
in the field. First, von Meijenfeld and Jenne discuss the roles
of neutrophil extracellular traps (NETs) in liver diseases.15

NETs are weblike structures expelled by neutrophils consist-
ing of DNA andDNA-binding proteins.While NETs are crucial
in host defense and contribute to pathogen clearance within
the liver, NETs can also do harm. Specifically, NETs have been
implicated in the progression of various types of liver disease
and have been shown to activate hemostasis within the liver,
which may lead to harmful micro- and macrovascular clot
formation within and around the liver. Possibilities and
limitations of testing for NET formation in clinical samples
are also discussed. Next, Starlinger et al discuss the role of
hemostatic components in liver regeneration.16 Surgical
removal of part of the liver initiates a regenerative response
that is modulated substantially by both platelets and fibrin
that are depositedwithin the regenerating liver. Studies from
animal models and clinical observations are consistent with
a complex interplay of platelets and fibrin generation driving
liver regeneration after partial hepatectomy. This evidence
and the knowns and unknowns of the exact molecular
mechanisms underlying hemostasis-assisted liver regenera-
tion are reviewed in this paper. In a subsequent study,
Karangwa et al discuss challenges in hemostatic manage-
ment during ex-vivo perfusion of human donor liver prior to
transplantation.17 Historically, donor organs are kept on ice
from procurement until transplantation. However, in recent
years, machine perfusion of donor organs with the aims to
assess graft quality and to resuscitate the organ has been
introduced in clinical practice. When livers are perfused at
(sub)physiological temperatures, synthesis of proteins
(including coagulation factors) starts, and these de novo
produced proteins are released into the perfusion fluid.

Karangwa et al show that this leads to the production of
physiologically relevant amounts of coagulation factors,
which necessitates anticoagulant strategies to avoid the
activation of coagulation with subsequent clot formation
within the perfusion circuit. The final paper of this issue
deals with the role of portal hypertension in blood loss
during liver transplantation. Although, historically, the cir-
rhotic coagulopathywas held responsible for bleedingduring
liver transplant surgery, accumulating clinical and biological
evidence of the maintenance of hemostatic balance during
liver transplantation questions this dogma. Other factors,
including the extent of portal hypertension, may be more
relevant contributors to perioperative blood loss. Indeed,
Arshad et al demonstrate that perioperative blood loss is
associated with serum levels of two recently identified
markers of portal hypertension.18

We hope that readers of this journal enjoy this collection
of papers describing new insights in the field of hemostasis
and thrombosis in patients with liver disease. This issue is
not meant to provide a complete overview of the field, and
we refer the reader to numerous recent reviews and book
chapters, and a previous liver issue of Seminars in Thrombosis
and Hemostasis.19
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