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The theory is clear, promoted by Tage
Astrup, and expressed in many pictures in a
great number of articles throughout the
decades, of a balance between coagulation
and fibrinolysis. Excessive fibrinolysis is
seen as a potential cause of bleeding and re-
duced fibrinolysis of thrombotic complica-
tions. In a state of equilibrium, the balance
expresses the view that fibrinolysis can
cope with coagulation. This simple logic on
haemostasis is an important framework for
our thinking, but the facts should tell us
whether it works in real life and which fac-
tors are really critical for different clinical
conditions. We have asked a panel of ex-
perts to discuss whether defective fibrinol-
ysis can trigger the onset of myocardial in-
farction (MI).

The subject is introduced by the bio-
chemist Michael Nesheim who describes
the principal feedbacks, inhibitions, laten-
cies and all-or-none phenomena that regu-
late fibrinolysis. Nesheim explains how in-
flammation in acute coronary syndromes
may lead to oxidized thrombomodulin
(which then fails to downregulate coagula-
tion but continues to inhibit fibrinolysis)
and proposes new assays which might be
tested in clinical studies.

Defining the process or clinical end-
point for which the role of fibrinolysis is
being evaluated is an important issue. The
cardiologist Kurt Huber reviews a variety
of conditions (subsequent acute coronary
events, time of day of MI, efficacy of
thrombolytic therapy, obesity, insulin-re-
sistance) related to altered fibrinolysis, and
describes the fibrinolysis-enhancing effects
of antidiabetic, lipid-lowering and anti-
renin-angiotensin-aldosterone drugs. Hu-
ber concludes that, although plentiful and
suggestive, the data do not allow an assess-

ment in the individual patient of whether
defective fibrinolysis contributes to trigger
MI.

For coagulation, genetic alterations
have generally confirmed the simple logic
of a haemostatic balance, with increased
risk of bleeding associated with deficien-
cies in factors VIII and IX, and increased
risk of thrombosis associated with resis-
tance of mutated factor V to inactivation by
protein C. For fibrinolysis, instead, the re-
lation of genetic defects to venous and arte-
rial thrombosis is less obvious. The geneti-
cists Angela Carter and Peter Grant discuss
the available studies on gene variants of tis-
sue-plasminogen activator (t-PA) and plas-
minogen activator inhibitor-1 (PAI-1) in
acute coronary syndromes, but consider the
data inconclusive. They propose to extend
investigations to hitherto neglected factors
[plasminogen, PAI-2, urokinase (u-PA) and
its receptor, factor XIII, and thrombin-acti-
vatable fibrinolysis-inhibitor (TAFI)], to
focus on the transcriptional regulation of
haemostatic factors, and to use genetic
markers as tools rather than answers per se.

In line with the scope of this minisym-
posium, the epidemiologist Gordon Lowe
encourages a mix of expertise from differ-
ent disciplines in order to achieve meaning-
ful clinical data. Lowe sets down a practical
list of steps on how and what to investigate
when assessing the relation between fibri-
nolysis and MI in large populations. He al-
so states that the interpretation of available
results in this area is difficult and further
studies are required.

Generally, therefore, our experts agree
that fibrinolysis is complex, that the avail-
able data are inconclusive, and that a fuller
understanding is needed. Indeed, data on
the actual topic of this commentary, “acute
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coronary syndromes”, are strikingly scarce. Here we
are not interested in the slow fibrinolytic process that
results in spontaneous recanalization weeks after a MI,
nor in the extensive research on preformed or freshly-
formed clots in animal models or in vitro (with a time
scale for fibrinolysis often of many hours), which con-
firm the role of fibrin as plug or matrix for tissue repair.
We are not even interested in basal systemic blood lev-
els of fibrinolytic factors, which are unlikely to be di-
rectly informative. In acute coronary syndromes the sit-
uation is different, it is clearly localized and acute. The
high procoagulant content of ruptured plaques can re-
sult in immediate, massive, and unwanted intravascular
fibrin. Is the fibrinolytic system sufficiently armed and
potent to prevent or very rapidly remove this unwanted
fibrin? The function of fibrinolysis in this case would
be more of an anticoagulant nature and on a time scale
in the order of seconds, that is, closer to that of coagu-
lation.

To evaluate a potential critical role of fibrinolysis in
acute coronary syndromes we should therefore focus
on local and rapid processes, in a very dynamic balance
with coagulation. For this, a number of potentially im-
portant mechanisms can be identified:
• the acute release of t-PA from the endothelium. As
stated by Nesheim, the organism is acutely capable of
releasing very large amounts of t-PA. This release is un-
related to baseline plasma levels of t-PA1. The potency
and timing of this process, its sensitivity to tachyphy-
laxis, and the degree in which disturbed endothelium
close to a rupturing plaque retains its capacity to release
t-PA are essential aspects in relation to acute coronary
syndromes. Recent evidence suggests the presence of
an association between t-PA gene polymorphisms and
vascular t-PA release1; in coronary arteries, smoking
and atheromatous plaque burden appear to blunt the
acute release of t-PA2; 

• the acute-phase responses and adaptations of fibrinol-
ysis. These are well described following trauma or
surgery, but less so after acute coronary events3. They
may come into play in cases of a stutteringly-evolving
MI or of short-term reocclusion after initial coronary
recanalization;
• the temporary stabilization of a fibrin deposit by the
actions of factor XIII and TAFI, both activated by the
coagulation system and causing temporary inhibition
of fibrinolysis. The recently discovered protective ef-
fect against MI of a genetic factor XIII variant with re-
duced action points to the importance of limitating this
process4.

In sum, there is still a lot to learn on the role of fib-
rinolysis in acute coronary syndromes. We can expect
progress by focusing on local, rapid and dynamic
processes, by developing adequate animal models, and
by devising clinical studies involving or mimicking the
acute situation.
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