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Fibrinolysis is the physiological and continuous process of
plasmin-mediated fibrin breakdown, which is regulated to
keep the balance between ensuring continued blood supply
to end organs and maintaining hemostasis in the face of
vascular damage.1 The importance of a well-regulated
fibrinolytic system is illustrated by rare inherited and
acquired disorders of fibrinolysis with severe bleeding
phenotypes.2 Moreover, a growing body of evidence dem-
onstrates that altered fibrinolysis plays a pivotal role in the
pathophysiology of a range of clinical conditions, and
markers of fibrinolysis hold the potential to predict
adverse events such as bleeding and thrombosis.3

Finally, drugs which modulate fibrinolysis have life-
saving potential and are used to treat millions of
patients each year worldwide, both in the form of profi-
brinolytics used for thrombolysis, for example, in ischemic
stroke and pulmonary emboli, and as antifibrinolytics
used to mitigate traumatic, surgical, and postpartum
bleeding.

In the current issue of Seminars in Thrombosis and
Hemostasis, we have assembled review articles dealing
with the fibrinolytic system in pathophysiology, diagnosis,
and treatment of clinical disorders, including arterial
and venous thrombosis, cancer, sepsis, and liver disease
to traumatic brain injury. Furthermore, the use of tranexa-
mic acid in trauma and pediatric surgery is reviewed, and
the implication of an emerging treatment, ischemic pre-
conditioning, for fibrinolysis in ischemic stroke is
discussed.

Hypofibrinolysis and Thromboembolic Risk

Fibrinolysis is of key importance in maintaining vessel
patency, or regaining it in case of obstruction by a thrombus.
Impaired fibrinolysis may contribute to both first and recur-
rent venous thromboembolism (VTE). The role of impaired
fibrinolysis in VTE and risk of recurrence is therefore
reviewed by Undas.4 The author summarizes results from
studies performed by the author and other groups, which
indicate that markers of fibrinolysis may be useful in the
acute phase as prognosticators of survival and of both safety
and efficacy of thrombolysis treatment. Fibrinolysismay also
have relevance in VTE in the long term, as fibrinolysis
appears impaired in VTE patients, not only immediately after
VTE but also in the long term, and fibrin clot lysis time may
aid in predicting recurrence risk.

Not only venous but also arterial thrombosis risk may be
influenced by impaired fibrinolysis. The comprehensive
review by Kietsiriroje et al summarizes current evidence
for altered fibrinolysis in patients with arterial thrombosis
including stable and acute coronary disease, ischemic stroke,
and peripheral artery disease.5 These diseases have long
been considered to bemediatedmainly by increased platelet
activation and have consequently been treated with anti-
platelet agents. However, the authors emphasize that im-
paired fibrinolysis is prevalent in these patients. This
constitutes a residual risk factor for adverse vascular out-
comes in these patients with arterial disease which is not
treated sufficiently with antiplatelet therapy alone. Thus,
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targeting proteins in the fibrinolytic system represents a
possible strategy to improve outcome in this population.

Antiphospholipid syndrome (APS) represents a special
prothrombotic condition with high risk of both arterial and
venous thrombosis.6 The pathophysiological mechanisms by
which antiphospholipid antibodies cause thrombosis have
not been fully elucidated. The review by Antovic and Bruze-
lius provides an overview of the current literature on fibri-
nolysis in APS patients,7 showing that fibrinolysis may be
impaired through multiple different mechanisms in APS and
that the understanding of fibrinolysis as a key player in APS
has implications both for the diagnosis and treatment of APS-
related thrombosis.

Hyperfibrinolysis: Bleeding and
Antifibrinolytic Agents

In contrast to impaired fibrinolysis, which may contribute to
both venous and arterial thrombosis, hyperfibrinolysis may
be a major contributor to bleeding-related mortality. Classi-
cal conditions associated with hyperfibrinolysis-associated
bleeding are surgery and trauma. Current knowledge on
fibrinolytic alterations during surgery is reviewed by Colo-
mina and colleagues.8 Profound and complex hemostatic
changes appear during surgery, including activation of the
endothelium and hemostasis, hemodilution, and bleeding-
related loss of both pro- and antifibrinolytic factors. In
patients with unexpected surgical bleeding, quick assess-
ment of fibrinolysis and subsequent correction with antifi-
brinolytic agents (e.g., tranexamic acid [TXA]) may be life-
saving, as the authors demonstrate.

The concept of trauma-induced coagulopathy has been
studied to a great extent and hyperfibrinolysis is well recog-
nized. Therefore, in their review, Roberts and colleagues ask
the question: Why do we not treat more trauma patients
with TXA?9 In their review, they summarize the compelling
evidence for the life-saving potential of early TXA treatment
in both major and minor trauma and advocate for more
widespread use of TXA on a global scale. However, one
subgroup of trauma patients where the fibrinolytic system
and the use of TXA have only been sparsely investigated is
isolated traumatic brain injury. The review by Anderson and
colleagues summarizes current knowledge on fibrinolytic
disturbances in isolated traumatic brain injury and points to
future directions for improving diagnosis and management
of fibrinolytic disturbances in this patient group.10

The use of TXA is still not fully established in pediatric
surgery, and especially dosing regimens have been subjects
of uncertainty. Hovgesen and colleagues review the litera-
ture on the use of antifibrinolytics in trauma or surgery in
children.11 Regarding trauma, not much evidence exists;
however, the authors include 50 randomized studies on
TXA or other antifibrinolytics in pediatric surgery in their
systematic review and demonstrate that the use of antifi-
brinolytics is effective in reducing bleeding in both cardiac
and noncardiac surgery. Moreover, TXAwas shown to be safe
in children and can be used following a weight-based dosing
regimen comparable to that recommended for adults.

Cancer patients are at high risk of thrombosis, and at the
same time, these patients are likely to suffer from bleeding
complications caused by both the disease and its treatment,
and both thrombosis and bleeding contribute significantly to
morbidity and mortality in this patient group.12,13 Hyper-
fibrinolysis is a well-known complication of acute promye-
locytic leukemia, but the contribution of altered fibrinolysis
to bleeding and thrombosis risk in other cancer types has not
received as much attention. Two reviews by Bønløkke and
colleagues and Winther-Larsen and colleagues focus on
fibrinolysis in patients with hematological cancers and in
patients with solid tumors, respectively.14,15 Regarding he-
matological cancers, only few studies have investigated
fibrinolysis and most of these studies were performed quite
a long time ago. The authors conclude thatmultiplemyeloma
and myeloproliferative disease appear to be associated with
impaired fibrinolysis, while no clear evidence exists for
enhanced or impaired fibrinolysis in lymphoblastic leuke-
mias.14 In patients with solid tumors, only a few case reports
are published on cases of primary hyperfibrinolysis, mainly
in prostate and pancreatic cancer.15 Thus, the subject area of
fibrinolysis in cancer holds a strong potential for future
research.

Fibrinolysis in Sepsis or Liver Disease

In some clinical conditions, both pro- and antifibrinolytic
changes may occur, and especially in the critically ill patient,
it may not be easily predictable which way the balance tips.
Laboratory assessment of fibrinolysis is currently challenged
by the lack of standardized biomarkers available in the
routine clinical setting. New biomarkers of fibrinolysis
may hold potential to characterize the individual patients’
fibrinolytic capacity and thus assess bleeding and/or throm-
bosis risk and guide hemostatic support as well as anticoag-
ulant therapy. The role of fibrinolysis biomarkers in sepsis is
reviewed by Larsen and Hvas.16 It has long been a paradigm
that sepsis patients have impaired fibrinolysis, and this may
be true for a majority of sepsis patients. For some patients,
however, fibrin formation is severely impaired or the rate of
fibrinolysis could be normal or even enhanced. The review
summarizes existing knowledge on both functional assays
and circulating fibrinolysis markers in sepsis. The authors
conclude that plasminogen activator inhibitor type 1, plas-
ma-based turbidimetric fibrin clot lysis assays, andmodified
viscoelastic tests hold the greatest future potential for fibri-
nolytic assessment in this patient group. On a related note,
von Meijenfeldt and Lisman review our current knowledge
on fibrinolysis in another patient group which suffers from
profound hemostatic changes, namely, patients with liver
dysfunction.17 This patient group has historically been con-
sidered to suffer from hyperfibrinolysis with subsequent
bleeding risk; however, the authors summarize more recent
evidence which questions this paradigm and reveals that
patients with liver disease are a heterogeneous group which
may suffer from both enhanced and impaired fibrinolysis
depending on the type, severity, and acuteness of their liver
disease. New biomarkers of fibrin formation and lysis
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capacity could be of great value to assess bleeding and
thrombosis risk in this patient group.

Ischemic Conditioning: An Emerging
Intervention with Multiple Effects

Finally, ischemic conditioning is emerging as a novel inter-
vention with possible influence on fibrinolysis. Initially
introduced to protect against ischemia–reperfusion injury
and thus alleviate tissue damage after acute coronary syn-
drome, this therapymay also exert other beneficial effects. In
their review, Krag and Blauenfeldt summarize emerging
evidence that ischemic conditioning may stimulate endoge-
nous fibrinolysis and thus could present a novel, noninvasive
strategy in the treatment of other thrombotic conditions
such as ischemic stroke.18

In summary, this issue of Seminars in Thrombosis and
Hemostasishighlights several clinical conditions complicated
by altered fibrinolysis and treatment hereof. Besides, current
diagnostic approaches are discussed. The reviews also stress
the research needed to further improve current knowledge
within the subject area of fibrinolysis in different clinical
entities. We hope that readers enjoy the content and that it
leads to further discussion of the variety of topics presented
herein.
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