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Abstract 
 
The development of an obstructive luminal thrombus is pathological and considered a failure 

of endogenous fibrinolysis. The consequences may be fatal, or result in lasting downstream 

organ damage. Therefore, assessment of endogenous fibrinolytic status in an individual may 

identify those at risk of occlusive thrombus formation and provide prognostic information. 

Arterial thrombi are more platelet-rich and more resistant to fibrinolysis than venous thrombi. 

Several recent studies using global tests of fibrinolysis in patients with acute coronary 

syndromes (ACS) have shown that despite dual antiplatelet therapy, patients with impaired 

fibrinolytic status have an increased risk of adverse cardiovascular events, compared to those 

with effective fibrinolytic function. Such data add significantly to the predictive value of 

established cardiovascular risk factors and conventional biomarkers. Most data reported have 

been obtained with the Global Thrombosis Test and the turbidimetric plasma clot lysis assay. 

A few small studies in patients with ischaemic stroke suggest a similar predictive role of 

fibrinolytic status assessment in these patients. Studies reporting an association between 

impaired fibrinolysis and future venous thrombotic events are limited, and in the form of 

case-control studies. Viscoelastic assays may have a role in the prediction of venous 

thromboembolic risk.  

Assays of fibrinolytic function should be used to obtain a more accurate risk of future 

thrombotic events, particularly in the setting of ACS. The availability of point-of-care tests 

helps facilitate this and should encourage future studies to assess personalised antithrombotic 

treatment combinations to optimise fibrinolytic status and reduce thrombosis risk. 
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Abbreviations 
 
ACS = acute coronary syndrome 

CLT = clot lysis time 

DVT = deep vein thrombosis 

ECL = euglobulin clot lysis 

GTT = Global Thrombosis Test 

LT = lysis time 

MACE = major adverse cardiovascular event 

MI = myocardial infarction 

OT = occlusion time 

PAI-1 = plasminogen activator inhibitor-1 

ROTEM = rotational thromboelastometry 

STEMI = ST-segment elevation myocardial infarction 

TAFI = thrombin activatable fibrinolysis inhibitor 

TEG = thromboelastography 

t-PA = tissue plasminogen activator 

VTE = venous thromboembolism 
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Introduction 
 
Arterial and venous thrombotic events are important causes of mortality and morbidity 

worldwide,[1] and antithrombotic therapy is the cornerstone in prevention and treatment.  

Platelet aggregation and activation of the coagulation cascade are common to the aetiology of 

both arterial and venous thrombotic events. Whilst treatment for these conditions generally 

involves antiplatelet therapy and anticoagulation respectively, despite such pharmacotherapy, 

some patients experience recurrent thrombotic events.[2] Current antiplatelet therapies such 

as prasugrel and ticagrelor achieve potent platelet inhibition, yet the proportion of patients 

experiencing recurrent thrombotic events is higher than the number of individuals who 

exhibit suboptimal inhibition of platelet aggregation. Thrombus formation represents a 

complex interplay between procoagulant factors, namely those stimulating platelet activation 

and activation of coagulation, and fibrinolytic factors. The administration of fibrinolytic 

agents in the setting of ischaemic stroke and myocardial infraction can achieve clot lysis and 

restoration of vessel patency in a significant number of individuals.[3][4]  

 

Impaired endogenous fibrinolysis is one mechanism that may be responsible for thrombotic 

events that occur despite conventional antithrombotic therapy. In this review, we discuss 

drivers of arterial and venous thrombotic events, and review the evidence supporting the role 

of impaired endogenous fibrinolysis in the aetiology of these events. We discuss ways to 

measure fibrinolysis, and how this can identify patients who remain at risk of future 

thrombotic events. 

 

Arterial thrombosis 
 
Arterial thrombotic events are usually initiated by platelet activation, secondary to plaque 

disruption, through the release of tissue factor and exposure of collagen, and/or platelet 

activation due to high shear at the site of a severe luminal stenosis (Figure 1).[5] Disruption 

of an atherosclerotic plaque due to rupture or fissure exposes platelets to subendothelial 

contents causing platelet activation and localised aggregation. In response to high shear, the 

degree of platelet activation is proportional to the severity of the applied shear forces,[6] and 

may be further augmented by platelet hammering,[7] whereby platelets are exposed 

repeatedly to high shear.  
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Platelet activation and adhesion to the site of injury, aided by von Willebrand Factor, allows 

growth of the locally-anchored platelet thrombus. The strength of adhesion of the growing 

thrombus to the vessel wall is an important determinant of thrombus stability and determines 

the risk of embolization. Local activation of coagulation results in thrombin generation, 

leading to the conversion of fibrinogen to fibrin, creating a fibrin mesh to bind together the 

growing platelet aggregate. Studies have highlighted the direct relationship between the 

concentration of thrombin and the fibrin fibre thickness and density.[8] In situ thrombin 

generation is critical for imparting stability to the growing thrombus, and shear-activated 

platelets express phosphatidylserine which facilitates thrombin generation on the platelet 

surface.[9] 

In addition to factors that impart structural stability, the critical determinant of whether the 

thrombus will continue to grow and cause vessel occlusion, is the effectiveness of the 

endogenous fibrinolytic system.  

Endogenous fibrinolysis, responsible for the breakdown of thrombus, involves many complex 

interactions between activators and inhibitors, ultimately leading to the enzymatic cleavage 

of fibrin by plasmin. Plasmin circulates as an inactive precursor, plasminogen, and upon 

binding to thrombus, is converted into its active form by urokinase-plasminogen activator 

(uPA), or tissue-plasminogen activator (t-PA), produced by the endothelium. Regulating the 

function of t-PA is plasminogen activator inhibitor-1 (PAI-1), which binds to the active site 

of t-PA and prevents the binding of plasminogen. This is also produced by the endothelium, 

and other tissues such as adipose. In addition to plasmin-mediated fibrinolysis, leukocytes 

entrapped within the thrombus contribute to the breakdown of fibrin through the release of 

elastase and cathepsin G.[10]  

There are also many processes and proteins which inhibit fibrinolysis, such as thrombin, 

through the activation of thrombin activatable fibrinolysis inhibitor (TAFI). Further, activated 

platelets inhibit fibrinolysis through the release of stored PAI-1 from their alpha granules,[11] 

the expression of factor XIII on the platelet surface[12] and clot retraction. Factor XIII is 

responsible for crosslinking the fibrinolysis inhibitor alpha-2-antiplasmin with fibrin, thereby 

preventing plasmin-mediated fibrin degradation, and restricting the entry of fibrinolytic 

enzymes to the thrombus core by reducing pore size. Clot retraction, which reduces clot 

volume by 30-40%, results in enhanced resistance to lysis.[13][14] Alpha-2-antiplasmin also 

has an additional role in sequestering plasmin in the circulation to form a complex, and 

thereby preventing its entry into the thrombus. Cell mediated-effects including the release of 
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DNA and other proteins which form neutrophil extracellular traps (NETS), can initiate 

coagulation,[15] and enhance resistance to fibrinolysis.  

 
Venous thrombosis 
 

The pathogenesis of venous thrombosis differs from that of arterial thrombosis, and is based 

on Virchow’s triad: stasis, hypercoagulability and vascular injury (Figure 1). Prolonged stasis 

of blood in small pockets adjacent to venous valves[16] results in hypoxia and increased 

haematocrit. This reduces the expression of antithrombotic proteins on venous valves,[17] 

and increases expression of p-selectin, a prothrombotic chemoattractant, which results in the 

delivery of tissue factor to the endothelium,[18][19] initiating coagulation. The primary event 

may also be endothelial activation, with consequent attachment of platelets and leukocytes 

and expression of tissue factor. Owing to the low flow state, the balance tips in favour of 

coagulation, resulting in thrombosis. 

Compared to arterial thrombi, venous thrombi contain relatively more erythrocytes and fewer 

platelets. Since platelets impart such a significant stabilising effect to the growing arterial 

thrombus, this may in part explain why venous thrombi with lower platelet content are less 

resistant to thrombolysis, and more prone to embolise.  

However, growing evidence highlights the varying fibrinolytic potential of even venous clots. 

Resistance to lysis is exhibited by changes in fibrin structure when bound to erythrocytes,[20] 

and further, during clot retraction, changes to the structure and function of erythrocytes can 

impair fibrinolysis.[21] This, together with other mechanisms provides variability in 

fibrinolytic potential and may explain the embolic risk. Clots extracted from patients who 

have experienced both deep vein thrombosis (DVT) and pulmonary embolism (PE) compared 

with DVT alone, have shown greater clot permeability and lower fibrin fibre density.[22] 

Such structural characteristics have been shown to improve fibrinolysis, and may therefore 

lead to an increased risk of fragmentation and embolization. This is supported by 

computational models highlighting the greater embolization risk in patients with greater clot 

permeability compared with those clots resistant to lysis.[23] 

 
Assessment of endogenous fibrinolysis 
 
Whilst the importance of endogenous fibrinolysis in determining the outcome of a growing 

thrombus has been appreciated for decades, the measurement of fibrinolysis has been a 

challenge. In contrast to the availability of an armamentarium of tests to assess platelet 
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function, tests of fibrinolysis have evolved more slowly, and only in the last few years has 

research in this field has gained significant momentum. The main challenges historically 

were that several inhibitors and activators of fibrinolysis could be measured, but this did not 

build a complete “picture” of the overall fibrinolytic status. In this section, we will review the 

commonly used methods (Table 1). 

 
Assessment of level or activity of individual potentiators or inhibitors of fibrinolysis 
 
Factorial assays 
 
Coagulation and fibrinolysis require multiple steps, governed by activators and inhibitors, 

including t-PA, plasmin, PAI-1, TAFI, alpha-2-antiplasmin, thrombin, factor XIIIa and 

lipoprotein(a). These are produced in different locations, have differing magnitudes of effect, 

and further, their concentrations may be augmented locally in response to stimulus. This is 

difficult to predict prior to an event, and furthermore, predicting the interaction of these 

biomarkers and factors is difficult. Measuring the level and activity of one activator or 

inhibitor is unlikely therefore to yield prognostic data, and modelling these interactions relies 

on multiple assumptions.   

This is exemplified by the assessment of t-PA. Increased levels may indicate reduced 

propensity to lasting thrombotic occlusion, however high t-PA levels are in fact associated 

with greater cardiovascular risk.[24][25] This can be explained by the fact that not all t-PA is 

active, and it is likely that the majority is sequestered by PAI-1. Measuring activity of free t-

PA therefore, would be more accurate. Similarly, in a case control study of 600 patients with 

myocardial infarction (MI), high TAFI level interestingly was found to be associated with 

reduced risk.[26] Thus, measuring isolated levels of proteins can be misleading, and this view 

is supported by a review of 45 studies, with nearly 50,000 patients.[27] It highlights the lack 

of concordance between studies measuring inhibitors and activators of fibrinolysis to predict 

outcome. Therefore, it is unlikely that factorial assays will aid risk stratification in the future.   

 
Global assessment of fibrinolysis in response to externally-added activators of coagulation 

and lysis  

 
Euglobulin Clot Lysis (ECL)  
 
This rather outdated technique has largely been replaced by novel methods. It involves the 

collection of citrated plasma, which is then acidified and incubated to form a precipitant, 
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termed the euglobulin fraction (which contains little in the way of fibrinolysis inhibitors) and 

to which calcium is added to initiate clotting. The time taken to lyse this clot is then 

measured.  

 
 
Plasma Clot Lysis Time (CLT) 
 
This test also involves the use of citrated platelet-poor plasma which is obtained by 

centrifugation, but unlike ECL, has no inhibitors or activators removed. Instead, clotting in 

the plasma in well-plates is activated by the addition of an activation mixture containing 

calcium and thrombin, and fibrinolysis initiated by the addition of lysis mix containing 

plasminogen activator. Aside from the initial mixing, lasting a few seconds, both clotting and 

lysis thereafter takes place in static conditions, and consequent changes in turbidity are used 

as surrogates for thrombus formation and lysis. Fibrinolysis is measured as the time taken for 

maximum turbidity to drop by 50%.  

Both CLT and ECL have significant limitations in assessing fibrinolysis. They effectively 

exclude from assessment the cellular constituents of blood, which make a significant 

contribution to thrombosis and fibrinolysis. Furthermore, these tests are reliant on the 

external addition of thrombin to initiate clot formation and t-PA to initiate fibrinolysis (or 

removal of inhibitors in the case of ECL), so these do not measure endogenous processes but 

rather the response to external agonists or activators. Finally, the effect of flow and shear are 

not assessed since these are static tests. 

 
 
Global assessment of endogenous fibrinolysis  
 
Global Thrombosis Test  
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The Global Thrombosis Test (Thromboquest Ltd., London, United Kingdom) is perhaps the 

only technique that truly measures endogenous fibrinolysis in whole blood. The technique is 

point-of-care and fully automated. It utilises non-anticoagulated whole blood which is 

subjected to flow under high shear, which results in platelet activation and aggregation. This 

eventually results in arrest of blood flow due to occlusive thrombus formation. The 

instrument then assesses the time taken for spontaneous restart of blood flow due to 

endogenous fibrinolysis. The thrombus formation time (OT) and lysis time (LT) are detected 

using a built-in photometer. It provides a physiological assessment of the effectiveness of 

endogenous fibrinolysis, since no external agonists to initiate coagulation or lysis are added.  

Whilst highly physiological, since it also employs whole blood and high shear, the 

physiological relevance of the test by employing non-anticoagulated blood, comes at the 

price of needing to perform the test immediately on freshly drawn blood.  

 
Viscoelastic tests 
 
These tests include thromboelastography (TEG; Haemonetics Corporation, Illinois, USA) and 

rotational thromboelastometry (ROTEM; Tem Innovations GmbH, Munich, Germany). These 

tests assess whole blood and under static coagulation (slow rotational force applied), measure 

the time for clot formation and spontaneous lysis, based on changes detected in viscosity. The 

tests provide information on clot formation, propagation, stabilisation, and dissolution, and 

therefore provide a global assessment of haemostasis and clot lysis. Although similar in 

principle, there are differences between the TEG and ROTEM. With TEG, either whole or 

citrated blood can be used (citrated blood can be collected and stored for up to two hours at 

room temperature and must be re-calcified prior to analysis). The blood is placed within a 

disposable cup which undergoes a constant rotational force, mimicking a low flow state, 

similar to that in the venous system. A pin is suspended in the blood, and as clot forms and 

lyses, varying forces are exerted on the pin, which are measured. Specifically, the instrument 

records the time taken to form an initial clot, the speed thereafter to generate the final clot, 

clot strength and percentage clot lysis at 30 and 60 minutes. A global assessment clot 

formation and lysis is therefore obtained. ROTEM is a later derivative of TEG, and is fully 

automated, with the major difference being that the pin, instead of the cup undergoes a 

constant rotational force. 

The main limitations of these techniques are that arterial flow conditions and platelet 

activation are not replicated in these tests. In fact, the low shear conditions in these tests 
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assesses coagulation and clot lysis that better reflect venous thrombosis. Results can take 

approximately 2 hours, which can be hastened with the addition of an activator, namely tissue 

factor in r-TEG, but this renders the test less physiological, assessing the response to external 

agents rather than native, endogenous fibrinolysis.  

 
 
Assessment of fibrinolysis in relation to the prediction of arterial thrombotic events 
 
The effectiveness of fibrinolysis may determine an individual’s thrombotic risk and the 

effectiveness of pharmacotherapy given to treat or prevent arterial thrombosis (Figure 2). 

Fibrin structure has been associated with several thrombotic conditions. Patients with severe 

coronary artery disease have been shown to produce thrombi containing dense fibrin 

networks with reduced permeability. In patients with ST-segment elevation myocardial 

infarction (STEMI), there is growing data to support histological differences in clot structure, 

specifically in relation to fibrin content, which relates to resistance to 

thrombolysis.[28][29][30] 

Therefore, measuring fibrinolytic potential may help to identify individuals at increased risk 

of future thrombotic events, and amongst those with acute thrombosis, identify those at risk 

of treatment failure due to persistent arterial occlusion of the microcirculation, and future 

recurrent events.  

 
Myocardial infarction 
 
Patients presenting with STEMI who achieve spontaneous reperfusion, likely due to effective 

endogenous fibrinolysis, have a more favourable outcome, including lower mortality, 

recurrent infarction and heart failure.[31][32] However, in most reported case series, 

spontaneous reperfusion occurred in only 15-22% of patients with STEMI.[31][32]  

Global tests show promise in identifying impaired fibrinolysis in the setting of acute coronary 

syndromes (ACS) (Figure 1). One of the largest studies assessing the prognostic impact of 

impaired fibrinolysis in patients with ACS was a sub-study of the PLATelet inhibition and 

patient Outcomes (PLATO) study.[33] In 4,354 patients hospitalised for ACS, plasma CLT 

and fibrin clot density were assessed by adding both lysis and activation mix to platelet-poor 

plasma, to stimulate clotting and then fibrinolysis. At peak clot formation, maximum 

turbidity was recorded and used as a surrogate for fibrin clot density. Thereafter, the time 

taken for the turbidity to drop by 50%, termed the lysis time, was recorded as fibrinolysis 

potential. The CLT correlated with cardiovascular death and MI at 1 year after adjusting for 
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cardiovascular risk factors (HR 1.17, 95% confidence interval [CI] 1.05-1.31; p<0.01) and 

correlated with cardiovascular death after adjustment for known prognostic biomarkers (HR 

1.2, 95% CI 1.01-1.42; p=0.042). Maximum turbidity was associated with increased 

cardiovascular death (HR 1.24, 95% CI 1.03-1.50, p=0.024), but not after adjustment for 

known prognostic biomarkers.[33] In a sub-group of 974 of patients with diabetes, increased 

CLT remained associated with increased cardiovascular death and MI including after 

adjustment for multiple biomarkers.[34] 

Studies using the Global Thrombosis Test have shown even better risk prediction with the 

assessment of endogenous fibrinolysis. In a study of 300 patients with ACS, impaired 

endogenous fibrinolysis, defined as a lysis time >3000s, was associated with an increase in 1 

year major adverse cardiovascular events (MACE) (HR 2.52, 95% CI 1.34–4.71, p=0.004) 

and cardiovascular death (HR 4.2, 95% CI 1.13–15.62, p=0.033).[35] In another more recent 

study of 496 patients with STEMI, impaired endogenous fibrinolysis, assessed immediately 

on arrival to the catheterisation laboratory, was highly predictive of MACE (HR 9.1, 95% CI  

5.29–15.75; p<0.001), cardiovascular death (HR 18.5, 95% CI 7.69–44.31; p<0.001) and 

myocardial infarction (HR 6.2, 95% CI 2.64–14.73; p<0.001) at 1 year.[36] The association 

remained significant after adjustment for baseline cardiovascular risk factors, and in fact, the 

addition of endogenous fibrinolysis improved a risk model which included known 

cardiovascular risk factors by over 50%.  

 
Whilst direct comparison of the results from the Global Thrombosis Test and plasma clot 

lysis studies cannot be made, the difference in hazard ratios is thought provoking, and raises 

the hypothesis that the Global Thrombosis Test may be superior at identifying impaired 

endogenous fibrinolysis, perhaps because it takes account of other non-fibrin related 

determinants including platelets, neutrophils and thrombin generation. Through identification 

of high risk patients, global tests of fibrinolysis may allow personalised and targeted 

treatment to reduce future cardiovascular risk, for example by using a factor Xa inhibitor, 

which has been shown to reduce the resistance to fibrinolysis in whole blood clots,[37] and 

has translated clinically into a reduction in events in patients with atherosclerotic 

cardiovascular disease.[38][39]  

 
Ischaemic stroke 
 
There is growing evidence of differences in clot structure amongst patients with ischaemic 

stroke (Figure 1). Studies have identified an association between clot composition and 
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embolectomy procedure time, with fibrin rich clots being difficult to retrieve and at risk of 

embolisation.[40]  

Factorial assays in patients with stroke have been small and lacking in power but do appear to 

highlight an association with outcome. In 109 patients with ischaemic stroke, higher 

admission TAFI activity was associated with a more severe National Institutes of Health 

Stroke Scale and disability, in both patients receiving and not receiving thrombolysis.[41] In 

another study of 43 patients with ischaemic stroke treated with thrombolysis, a significantly 

higher admission PAI-1 antigen level was found in the cohort of patients with failed culprit 

cerebral artery recanalization on angiography.[42] Interestingly, no difference in TAFI 

antigen level was found between the recanalized and non-recanalized cohorts.  

 
Studies assessing CLT in patients with ischaemic stroke are still limited by size. In a study of 

74 patients with ischaemic stroke, short CLT on admission was predictive of good outcome 

(modified Rankin Scale of 0-1) at 3 months.[43] In 335 patients, of whom 103 had had an 

ischaemic stroke, patients had a significantly longer CLT than controls.[44] Another study 

which assessed 236 patients with atrial fibrillation treated with a vitamin K antagonist, 

showed that plasma CLT in addition to the CHA2DS2-VASc score was predictive of future 

events over a median follow-up of 4.3 years.[45] A CHA2DS2-VASc score > 3 alone was 

associated with a HR of 2.49 for cerebrovascular ischaemic events, but when combined with 

a CLT >115 minutes, this portended a 10.6-fold increase in risk of CVA or TIA.  

 

The Global Thrombosis Test was used to assess 185 patients two weeks after an acute 

cerebrovascular event, who were compared with 195 healthy volunteers.[46] Despite 

antiplatelet therapy, the endogenous fibrinolytic function of patients was significantly 

impaired compared to healthy volunteers, as evidenced by a longer lysis time (3159±1549s 

vs. 2231±1223s, p<0.0001). Interestingly, prior to antiplatelet therapy, the LT was prolonged 

even further in patients. This indicates the need for further prospective studies utilising the 

Global Thrombosis Test and CLT to assess endogenous fibrinolytic function in patients with 

ischaemic stroke, to confirm association with outcome and potentially individualise 

treatment. Efforts should certainly be directed towards these, rather than viscoelastic tests. A 

small study of 143 subjects using the ROTEM found no difference in coagulation and 

fibrinolysis parameters between patients and controls or between fibrinolytic status and 

stroke severity.[47] In a study of 171 patients with ischaemic stroke, a blood draw for 
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assessment by TEG was taken before and 10 minutes after administration of t-PA.[48] The 

TEG was unable to detect which patients clinically responded and which did not to t-PA.  

 
Assessment of fibrinolysis in relation to the prediction of venous thrombosis 
 
The largest studies assessing the role of fibrinolysis measurement in prediction of venous 

thrombotic events employed plasma clot lysis assays. Three case control studies including 

400 patients with DVT,[49] 579[50] and 2090[51] patients with DVT and pulmonary 

embolism, showed an approximate two-fold increase in the prevalence of venous thrombotic 

events in patients with a prolonged CLT (Figure 1). Furthermore, a synergistic effect was 

seen between the detection of hypofibrinolysis and other risk factors for thrombosis, which 

were additive in the risk of venous thromboembolism (VTE). Patients with prolonged CLT 

and taking the oral contraceptive pill had a 20-fold increased risk of venous thrombosis 

compared with women not on the contraceptive pill and without prolonged CLT.[51] 

However, whilst potentially predictive of VTE in high-risk patients, the role of CLT in 

predicting future events and guiding treatment is not so clear. One study of 704 patients 

experiencing their first unprovoked VTE, showed that recurrence after termination of 

anticoagulation occurred in 19.2% of patients over a mean follow-up of 46 months,[52] but 

baseline CLT was not predictive of recurrence, but when CLT was split into quartiles, it was 

predictive only in women. Fibrinolysis function can also risk assess patients for subsequent 

complications after DVT, since patients with residual vein obstruction appear to have 

prolonged CLT compared to controls,[53] and patients developing chronic thromboembolic 

disease also demonstrate impaired lysis.[54]  

 
The use of viscoelastic methods (TEG/ROTEM) to determine fibrinolytic function may yield 

superior risk stratification, as venous clots are erythrocyte-rich, and formed under conditions 

of low shear. These tests better mimic the venous physiological environment, compared with 

CLT. However, studies employing these methods to specifically assess fibrinolysis function 

in relation to the risk of VTE are limited. A hypercoagulable state was shown to be 

moderately predictive of thromboembolic events in a recent systematic review including data 

of some 10,000 patients utilising both TEG and ROTEM (sROC curve = 0.70, 95% CI 0.65-

0.75), with OR 3.1 (95% CI 2.0-4.8).[55] The majority of studies included in the analysis 

used maximum clot strength to define a hypercoagulable state, with the minority using R-

time, K-time and α-angle either individually, or in combination as the coagulation index. 
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Recently, interest has grown in the assessment of endogenous fibrinolysis to guide treatment 

and predict mortality in trauma patients, who are at risk of both thrombosis and bleeding. In a 

study of 2,540 trauma patients, in-hospital mortality rate was 21%, and greatest in those with 

hyperfibrinolysis as detected with TEG.[56] This was followed by fibrinolytic shutdown. 

After adjustment, the risk of mortality remained increased for both groups (hyperfibinolysis 

OR 3.3, 95% CI 2.4-4.6 p<0.0001, fibrinolytic shutdown OR 1.6, 95% CI 1.3-2.1 p=0.0003). 

In another study of 303 trauma patients, thromboelastometry identified the highest risk 

patients with severe hyperfibrinolysis.[57]  

 

COVID-19 and fibrinolysis 

 

Patients with COVID-19 are at risk of VTE and in situ pulmonary thrombosis. A few small 

studies implicate impaired fibrinolysis in the pathophysiology of COVID-19 infection. In a 

retrospective study of 21 critically-ill patients, eleven patients were shown to have 

hypofibrinolysis using ROTEM, of whom 8 had confirmed VTE.[58] Another study of 23 

patients using ROTEM, showed that 30 minute fibrinolysis was significantly reduced in 

patients with compared to patients without VTE (82±26% vs. 37±35%).[59] Among 44 

patients, complete fibrinolysis shutdown, defined as absence of fibrinolytic activity 30 

minutes after the formation of an in vitro clot, was found in 57% of patients and was the best 

predictor of VTE (area-under-curve 0.742, p=0.021).[60]  

 
 
Conclusion 
 
Measurement of endogenous fibrinolytic potential with the point-of-care GTT, or laboratory 

assay of CLT, in patients with ACS provides important additional prognostic information, 

over and above standard cardiovascular risk factor and conventional biomarker modelling. 

Small studies in patients with ischaemic stroke also show that endogenous fibrinolysis may 

also predict outcome and response to treatment. Assessment of clot lysis with ROTEM or 

TEG shows moderate ability to identify patients at increased risk of VTE.  

 

Future directions 

 

Assessment of fibrinolysis could be used to risk stratify individuals for future arterial and 

venous thrombotic events. The combination of the assessment of platelet reactivity, together 
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with assessment of fibrinolysis, may be useful and previous studies have shown a weak 

negative relationship between the degree of platelet reactivity and the effectiveness of 

endogenous fibrinolysis.[35][36] Since impaired endogenous fibrinolysis is predictive of 

adverse outcome in ACS and stroke, studies are required to investigate the effects of 

pharmacotherapies to improve endogenous fibrinolysis. 
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Table 1. Summary of the advantages and disadvantages of available methods to assess 
endogenous fibrinolysis. 
 

Method 
 

Advantages Disadvantages 

Factorial Assays • Convenient for population 
analyses 

• Measurement of one 
activator/inhibitor does not give an 
accurate representation of overall 
fibrinolytic function, which is 
governed by many such proteins. 

• Different proteins have varying 
magnitude of effect 

• Measuring total protein vs activated 
protein will have different 
implications 

• Total and activated protein levels will 
differ during normal states and times 
of thrombus formation.  

• No conclusive prognostic data 
• No information on cell-mediated 

fibrinolytic effects 
Euglobulin Clot Lysis 
(ECL) 

 • Long preparation time requiring 
expertise 

• Blood sample collected into citrated 
bottles, impacting coagulation 

• Non-physiological, owing to the 
removal of cellular components, and 
fibrinolysis inhibitors 

• Clot formation stimulated by 
exogenous activator 

• Results not obtained in a clinically 
relevant time frame 

Plasma Clot Lysis 
(CLT) 

• Provides prognostic data • Long preparation time requiring 
expertise 

• Employs citrated blood, impacting 
coagulation 

• Non-physiological, owing to the 
removal of cellular components 

• Clot formation stimulated by 
exogenous activators, under static 
conditions 

• Fibrinolysis initiated by exogenous 
plasminogen activator 

• Results not obtained in a clinically 
relevant time frame  

Global Thrombosis 
Test (GTT)  

• Uses whole blood 
• Platelet activation secondary to 

high shear, mimicking an 
endogenous luminal narrowing 

• Not reliant on exogenous 
activators 

• Easy to use, automated, point-
of-care test  

• Results obtained in a clinically 
relevant time frame: 1-2 hours  

• Measures platelet reactivity in 
addition to endogenous 
fibrinolysis 

• Uses non-anticoagulated blood, and 
therefore sample should be inserted 
into instrument immediately on blood 
draw 

• Not relevant to venous thrombus  
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• Provides prognostic data 
Viscoelastic tests 
(TEG and ROTEM) 

• Global assessment of 
thrombosis and endogenous 
fibrinolysis 

• Uses native or citrated blood 
• Automated 
• Can be used at the point-of-

care (native blood), or 
laboratory (citrated blood) 

• Not reliant on exogenous 
activators (although can be 
used to facilitate a quick result) 

• Only relevant to venous thrombosis, 
not to arterial thrombosis 

• In the absence of activators, results 
can take a few hours 

 
ROTEM: rotational thromboelastometry, TEG: thromboelastometry 
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Figure legend 
 
Figure 1. Illustration of the pathogenesis of arterial and venous thrombi.  

 

NETS: neutrophil extracellular traps, PAI-1: plasminogen activator inhibitor-1, TAFI: 

thrombin activatable fibrinolysis inhibitor, t-PA: tissue-plasminogen activator, uPA: 

urokinase plasminogen activator, vWF: von Willebrand Factor 

 

Figure 2. Relationship of enhanced or impaired endogenous fibrinolysis to clinical 

events. 


