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Case Summary
A 57-year-old gentleman was referred by GP 
to our Acute Fibrinolysis is the body’s defense 
system against obstructive blood clots, which 
are responsible for conditions like heart attack 
and stroke. This important endogenous function 
is mediated not by one, but by two activators 
called tissue plasminogen activator (tPA) and 
urokinase plasminogen activator (uPA). Since 
tPA was approved in 1987 and it binds to the 
fibrin clot and induces fibrin-specific fibrinolysis. 
By contrast, uPA was known since non-specifc 
plasminogen activator which has no fibrin 
affinity. Not surprisingly, tPA has invariably 
dominated fibrinolytic therapy.

For example, in review articles dealing with 
fibrinolysis, it is taken for granted that tPA is the 
activator responsible so that it is often not even 
mentioned. This is a well established concept 
and a Google search of publications in which 
Fibrinolysis is in the title, lists more than 350,000 
citations in which tPA is assumed to be the 
activator.

At the same time, two independent gene deletion 
studies showed that, when the tPA gene was 
deleted in animals, little change in the animals’ 
fibrinolytic effect took place. Since, when the 
uPA gene was deleted, significant inhibition of 
fibrinolysis occurred. When both of the activator 
genes were deleted, fibrinolysis was arrested, 
and extensive fibrin deposition was found in the 
animals. It was concluded that both activators 
were needed for normal function but that uPA 
rather than tPA was the dominant activator [1,2], 
contrary to the prevailing belief. However, these 
findings had little influence on the prevailing idea 
that tPA was responsible for fibrinolysis.

In standard fibrinolytic therapy, the tPA 
concentration in blood is almost a thousand-fold 
higher the normal, physiological concentration 
of about 5 ng/ml. And yet, therapeutic and 
physiological fibrinolytic efficacies are not 
similarly disparate. For example, in fibrinolytic 
therapy of heart attack, in which 100 mg of tPA 
is infused, complete patency of the responsible 
coronary artery at 24 hours was seen in 45% of 
patients [3]. By comparison, in 15% of untreated 

heart attack patients, the infarct artery was 
already patent at the time of the initial therapeutic 
catheterization, representing physiological 
fibrinolysis [4]. 

Therefore, physiological fibrinolysis, with only 
about a thousandth of the tPA concentration, 
was only 3-fold less effective than therapeutic 
fibrinolysis. This relative efficacy of physiological 
fibrinolysis suggests that more than tPA must have 
been involved.

Fibrinolysis requires both activators
The other biological plasminogen activator is 
urokinase plasminogen activator (uPA) in the 
blood. The native form of uPA is a single-chain 
proenzyme, prourokinase (proUK), first discovered 
in 1981 [5]. Prior to this time the only known form 
of uPA was a two-chain, non-specific enzyme 
which was believed to be only an extravascular 
activator, due to a uPA receptor (uPAR) present on 
many cells by which extravascular functions like 
cell migration take place.

ProUK is a generally unrecognized component 
of the intravascular fibrinolytic system, that is a 
proenzyme in blood, whereas tPA is an enzyme 
stored in the vascular endothelium. When an 
intravascular thrombus forms, tPA is released 
locally and binds to the thrombus. Binding is due 
to tPA’s high fibrin affinity, a property unique to 
tPA and has been used to isolate it directly from 
plasma [5]. The tPA binding site on the fibrin clot 
is proximal to a fibrin-bound plasminogen [6], 
forming a ternary complex on the fibrin surface 
that promotes tPA’s activation of plasminogen 
1,000-fold and initiates fibrin degradation [7].

Since tPA has no second comparable fibrin binding 
site and in the absence of the ternary complex 
promotion, tPA is a weak plasminogen activator 
[8], tPA’s fibrinolytic function is limited to this 
step. The initiation of fibrin degradation by tPA 
creates two additional plasminogen binding sites 
[9], and these plasminogens are activated by uPA. 
The first one is activated by proUK [10] that is then 
reciprocally activated by plasmin to UK, which 
activates the remaining plasminogen, completing 
fibrinolysis [9]. This sequence explains why both 
activators are required n fibrinolysis as also 
evidenced by the gene deletion studies [1,2].
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Therefore, fibrinolysis involves the sequential activation of three 
fibrin-bound plasminogens [11], where tPA activates the first and 
uPA the remaining two. This physiological mechanism is analogous 
to an automobile engine, where tPA is the starter and uPA the fuel. 
As with the automobile, neither component can function effectively 
without the other, and although their functions are independent, 
they are interdependent.

In view of this mechanism, it is not surprising that standard 
monotherapy with tPA alone has fallen short and is inefficient, 
requiring very high doses that are associated with bleeding 
complications. Since tPA has high fibrin affinity, when it is 
administered by a lengthy infusion, it puts hemostatic fibrin at risk 
and disruption of hemostatic is the main cause of tPA bleeding 
complications.

By contrast, when is administered as a bolus, for which tPA’s high 
fibrin affinity is well adapted, much smaller, safer doses are needed. 
This was verified in a clinical trial of heart attack. In the PATENT 
trial [12], 101 patients with heart attack were given a 5 mg bolus of 
tPA which was followed by a 90-minute infusion of proUK at a rate 
of 40 mg/h. An 82% complete patency of the coronary artery at 24 
h was obtained, and the 30-day mortality was 1%. These results are 
far better than those of GUSTO, the best of the tPA mega trials, in 
which the 24 h coronary patency was only 45% and the mortality was 
6.3 % [3]. These findings confirm the dual activator requirement for 
effective fibrinolysis.

Conclusion
The prevailing idea that fibrinolysis is due to the activity of tPA 
alone has been a mistake that still remains to be corrected. Standard 
fibrinolytic therapy has not changed since 1987 when tPA was first 
approved. Since tPA never lived up to expectations, fibrinolysis was 
discredited and replaced by a more timing consuming and costly 
hospital procedure and percutaneous intervention has become the 
treatment of choice. Nevertheless, the simplest and fastest method to 
restore perfusion of a thrombus occluded artery remains fibrinolysis. 
The loss of interest in this valuable treatment modality has interfered 
with improving it, since fibrinolysis was abandoned before it was 
fully understood. This short review has tried to explain why this is 
the case.
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