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ARTICLE INFO ABSTRACT

Introduction: There is evidence that hemostatic disorders occur very early after clinical
manifestations of paroxysmal atrial fibrillation (PAF). Aim: To investigate the activity of thrombin
activatable fibrinolysis inhibitor (TAFI) before the twenty-fourth hour of the occurrence of PAF,
given the important role it plays in maintaining hemostatic balance. Materials and method: 51
non-anticoagulated patients were studied (26 men, 25 women; mean age 59.84±1.60 years) with
PAF duration <24 hours and 52 controls (26 men, 26 women; mean age 59.50±1.46) without data
on the manifestation of the disease to date. TAFI activity in plasma was measured by colorimetric
assay (Stachrom, TAFI, Diagnostica Stago, France). Results: In PAF group TAFI activity was
significantly lower compared to that of the control group in sinus rhythm (62.70±4.71 vs
115.6±4.02%, p <0.001). Conclusion: TAFI activity is significantly reduced in the first twenty-four
hours of the clinical presentation of PAF. These early changes suggest their close relationship with
the disease. At the same time they are a prerequisite for an increased activity of the fibrinolytic
system in plasma, which may explain the low embologenic potential during the first hours of PAF.

INTRODUCTION

Over the past two decades atrial fibrillation (AF) is
increasingly defined as the "new epidemic", given its
increasing morbidity (Lip et al., 2007). The clinical
manifestation of AF is associated with an increased risk of
thromboembolic events, making it a disease with social value
(Zoni-Berisso et al., 2014). Epidemiological studies show that
approximately 20% of all strokes develop in conditions of AF
and this percentage is greater than 25 in the population over 85
years. Patients with AF have a five times higher age-adjusted
risk of stroke than the population without the disease (Kirchhof
et al., 2007; Wolf at al., 1991).

The risk of thromboembolic events in AF is determined to a
significant extent by the duration from the occurrence of the
disease. It is well known that the early manifestation of the
arrhythmia (according to some authors up to 24 hours, while to
other up to 48 hours) has low embologenic potential (Camm et
al., 2010). This fact raises the clinical and research interest in
the hemostatic profile in the first hours of the disease.

In this regard a study was conducted on patients with
paroxysmal atrial fibrillation (PAF). The groups, however,
were extremely heterogeneous with respect to the duration
from the occurrence of the episode, namely from a few hours to
7 days. There are no studies entirely directed towards the first
hours (up to 24th hour) of the disease. Furthermore, studies are
few and the results are not unidirectional. For example, the
activity of the fibrinolytic system, as well as the process of
thrombogenesis, is represented as significantly increased to
significantly reduced (Marin et al., 2004; Lip et al., 1996;
Feinberg et al., 1999; Drabik et al, 2015; Freynhofer et al.,
2013). Controversial are also the data on endothelial
damage/dysfunction and platelet activation (Li-Saw-Hee et al.,
2001; Hatzinikolaou-Kotsakou et al., 2003). The lack of
uniform results is a reason for studies to continue.

It is well known that TAFI is one of the main components of
the hemostatic system (Dobrovolsky, 2002). It is defined as a
fibrinolysis inhibitor and at the same time as one of the main
intermediates between the coagulation and fibrinolytic system.
TAFI plays an important role in the cross-regulation of these
systems and respectively in preserving haemostatic balance
(Mosnier et al, 2006). According to literature it is directly
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related to the formation of thromboembolic potential (Gorog,
2010). The above-mentioned facts were a prerequisite for
conducting this study.

Aim: To investigate TAFI activity before the twenty fourth
hour of the occurrence of PAF, given the important role it plays
in maintaining hemostatic balance.

MATERIALS AND METHODS

Study design, study population

Patients with PAF duration <24 hours were screened, who were
hospitalized in the Cardiac Intensive Care Unit of the First
Cardiology Clinic at the University Hospital St. Marina - Varna
for the period October 2010 – May 2012. The duration from the
occurrence of the disease was determined based on detailed
medical history in which patients reported a sudden onset of
"palpitations" continuing until hospitalization. AF diagnosis
was accepted after electrocardiographic study done
immediately on admittance to the ward. From a total of 338
screened patients, only 51 patients (26 men, 25 women; mean
age 59.84±1.60 years) were selected because of the exclusion
criteria (see below).

The control group was formed only by volunteers with no
previous history and electrocardiographic data for PAF. From a
total of 169 screened patients, 52 controls were selected (26
men, 26 women; mean age 59.50±1.46).

We used identical exclusion criteria for the selection of the
patient and control group (see below).

The selection of the study participants (patients and controls)
aimed at the utmost degree to eliminate or equalize the factors
that could affect hemostasis between the two groups.

Exclusion criteria

1. Cardiovascular diseases: ischemic heart disease, heart
failure, uncontrolled hypertension, inflammatory
diseases of the heart, congenital and acquired heart
disease, cardiomyopathies.

2. Other diseases – kidney, lung or liver failure; diseases of
the central nervous system; inflammatory and/or
infectious diseases in the past three months; neoplastic
or autoimmune diseases; diseases of the endocrine
system (with the exception of type 2 diabetes mellitus,
non-insulin dependent, well-controlled).

3. Intake of hormone replacement therapy or oral
contraceptives, pregnancy, systemic administration of
analgesics (including NSAIDs), administration of
antiplatelet agents and anticoagulants, obesity with
BMI>35.

4. Inability to determine the onset of the arrhythmia (used
only in patients).

The health status of study participants was determined on the
basis of medical history, medical records, physical

examination, laboratory tests and multiple electrocardiograms
and transthoracic echocardiography.

The study was conducted after approval by the Ethics
Committee of Research (№35/29.10.2010) at the the
aforementioned hospital and in accordance with the
Declaration of Helsinki (WMA declaration of Helsinki, 2008).
All participants were included in the study after previously
signing an informed consent to participate.

Blood collection and laboratory analysis

We took a blood sample once (3.5 ml venous blood from
antecubital vein) from each participant to study TAFI activity
in plasma. The blood was collected into coagulation tubes with
3.2% sodium citrate (VACUETTE, Greinet Bio-One North
America, Inc.), and then centrifuged at 2500g for 15 min. The
plasma was separated and stored at -20°C for up to one month.
Re-freezing of samples was not allowed.

TAFI activity in plasma was determined by colorimetric assay
(Stachrom, TAFI, Diagnostica Stago, France). The intra-assay
coefficient of variation was 4.8%, while the inter-assay was
5.4%.

TAFI activity was established twice in each sample, taking the
average of the two measurements for the study.

Statistical analysis

Statistical processing of the results was done using the software
GraphPad Prism, Version 5.00, which allowed by descriptive
statistics to calculate the mean values, SEM, relative shares and
central tendency. Testing the equality of means and indicators'
relative share hypotheses was done by Student's t-test. The
results were presented as mean±standard error of the arithmetic
mean (x̄±SEM) or n (%).

RESULTS

Participants’ clinical characteristics

There was no statistically significant difference between the
patient and control groups in terms of mean age, gender
structure, accompanying diseases, deleterious habits and body
mass index (BMI) (Table 1).

There were also no significant differences in the indicators
measured by standard transthoracic echocardiography (Table 2)
(p> 0.05).

The statistical analysis indicated that the patients were admitted
to the ward between the second and the twenty-fourth hour
after the onset of the arrhythmia, most common – during the
fifth hour (Mo=5; 10 of all 51 patients). The mean duration of
AF episodes until hospitalization was 8.14 ± 0.76 hours.

TAFI activity

TAFI plasma activity in the patient group was significantly
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lower compared to that of the control group in sinus rhythm
(62.70±4.71 vs 115.6±4.02%, p <0.001; Figure 1).

DISCUSSION

The hemostatic system is extremely conservative and strictly
regulated system that allows the body to (1) restore the
integrity of damaged vascular walls, (2) keep the fluidity of
blood and (3) remove blood clots (Versteeg et al., 2013). Its
adequate functioning is the result of a well-regulated platelet

activation, coagulation and fibrinolysis. The fine balance
between them requires the involvement of multiple vascular,
platelet and plasma factors (Tanaka et al., 2009). One of these
factors is TAFI. It performs the complex role of an intersection
as well as connecting point of the processes of coagulation and
fibrinolysis (Dubis J, Witkiewicz W, 2010). TAFI deserves
special attention also because besides being a hemostatic
regulator, it participates in the process of inflammation by
inactivating inflammatory mediators such as C3a and C5a,
bradykinin, etc. (Campbell et al., 2002).

TAFI is a glycoprotein synthesized in the liver, which
circulates in the blood as an inactive proenzyme (Bajzar et al.,
1995). The activated form of TAFI (TAFIa) exhibits anti-
fibrinolytic activity by splitting off lysine residues from
carboxy-terminals of partially degraded fibrin (Dubis J,
Witkiewicz W, 2010). Thus TAFI reduces t-PA and
plasminogen binding on the fibrin surface and respectively
reduces the formation of plasmin, and fibrin clot is protected
from lysis. Therefore TAFI in fact controls fibrinolysis through
modulating the fibrin co-factor function in plasminogen
activation and not through direct irreversible inhibition. There
is evidence also that TAFI exhibits a clot-stabilizing effect by
extending the time of t-PA induced lysis (Bajzar et al., 1996).

TAFI is activated by the action of a number of biomolecules
such as thrombin, trypsin, kallikrein and others. Of these, the
most effective is thrombin, alone or within the thrombin-
thrombomodulin complex (Chapin JC, Hajjar KA, 2015). As it
is well-known thrombin is the main enzyme that catalyzes the
conversion of fibrinogen to fibrin in the formation of blood clot
in the coagulation system and also, not less importantly,
regulates the coagulation system while providing feedback
inhibition (Bogatcheva et al., 2002). TAFI activity is equally
important for both coagulation and fibrinolysis (Mosnier et al.,
2001).

Changes in TAFI activity are associated with clinically
manifest disorders in hemostatic balance. For example, low
activity of the inhibitor is observed in deep venous thrombosis
(Martini et al., 2006). Studies have found that TAFIa levels
determine the risk of cardiovascular mortality in patients with
acute coronary disease (Tregouet et al., 2009; Morange et al.,
2005). High TAFI levels were measured in stable angina
pectoris and angiographycally confirmed coronary artery
disease (Gorog, 2010).

Our study established low plasma TAFI activity in the first
twenty-four hours of the clinical presentation of PAF (p
<0.001; Figure 1). We found no similar studies in literature to
compare with our results. The “pureness” of the groups in
terms of diseases and affecting hemostasis drugs give us reason
to believe that the results are closely related to the studied
disease and not a consequence of other factors.

As already mentioned the TAFI pathway defines the specific
molecular link between the inherently opposing processes of
coagulation and fibrinolysis. Therefore the study of its activity
throws a significant amount of light on the intimate regulatory
mechanisms of hemostasis. Low TAFI activity determines a
significantly reduced inhibitory effect on fibrinolysis. In this

Table 1 Clinical characteristics of the patient and control
group

Patients with
PAF

Control group Р values

Number of participants in
the group

51 52 р=0.89

Mean age (years) 59.84±1.60 59.50±1.46 p=0.87
Men/Women 26/25 26/26 р=1/р=0.93

Accompanying diseases
Hypertension

Diabetes mellitus type 2
Chronic ulcer disease

Status after hysterectomy
Benign prostatic hyperthrophy

37 (72.54%)
3 (5.88%)
2 (3.92%)
2 (3.92%)
1 (1.96%)

34 (65.38%)
2 (3.84%)

0
1 (1.92%)

0

р=0.44
р=0.62
р=0.15
р=0.54
р=0.32

Dyslipidemia 4 (7.84%) 3 (5.77%) р=0.69
Medicaments for
Hypertension and

Dyslipidemia
Beta blockers

АСЕ inhibitors
Sartans
Statins

19 (37.25%)
15 (29.41%)
11 (21.57%)
4 (7.84%)

17 (32.69%)
14 (26.92%)
9 (17.31%)
3 (5.77%)

р=0.62
р=0.78
р=0.58
р=0.69

Deleterious habits
Smoking*

Alcohol intake**
8(15.69%)
7(13.72%)

7(13.46%)
6(11.53%)

p=0.75
р=0.74

BMI (kg/m2) 23.85±0.46 24.95±0.45 p=0.09

*up to 10 cigarettes a week. Hospitalized patients did not smoke for at least 48
hours before the onset of the arrhythmia. Controls were studied after a 48-hour
non-smoking period.
**1-2 drinks/week. Hospitalized patients did not drink alcohol for at least 48 hours
before the arrhythmia. Controls were studied after a 48-hour period without
alcohol.

Table 2 Echocardiographic evaluation of patient and
control group

Patients with PAF Control group P values
Echocardiographic

indicators
LVEDD (mm)
LVESD (mm)

EF (%)
IVS (mm)
PW (mm)

LA volume  (ml/m²)
RVEDD (mm)

52.57±0.58
34.43±0.56
62.98±0.70
10.37±0.23
10.24±0.21
22.81±0.45
30.54±1.58

52.29±0.57
34.73±0.48
61.54±0.58
9.92±0.26
9.73±0.28

23.82±0.48
29.17±1.52

p=0.73
р=0.69
р=0.12
р=0.20
р=0.16
р=0.13
p=0.18

LVEDD – left ventricular end-diastolic diameter; LVESD – left ventricular end-
systolic diameter; EF – ejection fraction; IVS – interventricular septum; PW –
posterior wall; LA – left atrium; RVEDD – right ventricular end-diastolic volume

Figure 1 TAFI activity in plasma of patients with PAF and controls in
sinus rhythm (** - p<0.001).
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sense our results suggest an increased activity of the
fibrinolytic system in the first twenty-four hours of the clinical
presentation of PAF as a result of the reduced inhibition of
TAFI. It is well known that the rate of thromboembolic events
in these early hours of the disease is negligible (Seet et al.,
2011). Logically this could be explained by the changes we
identified, namely a lower risk of thromboembolic events as a
result of reduced inhibition of fibrinolysis. However, it is
appropriate to note that in our study TAFI activity was tested
only once. This does not give an opportunity to explore the
dynamics in the activity of fibrinolysis, which could explain the
significant increase in embologenic risk during the later hours
of PAF.

In recent years AF is increasingly defined as an inflammation
disease. There are inflammatory changes established in the
myocardium which are directly related to the structural
remodeling of the atria (Frustaci et al., 1997). Elevated levels
of a number of inflammatory biomarkers such as IL-6, TNF-α,
CRP, and certain components of the complement system such
as C3 and C4 were measured in plasma (Aviles et al., 2003;
Celebi et a., 2011; Sata et al., 2004; Dernellis et al., 2001). The
low TAFI activity in our study determines the reduced
inactivation of C3a and C5a components of the complement,
which in turn leads to enhanced inflammation process.

Conclusion: TAFI activity is significantly reduced in the first
twenty-four hours of the clinical presentation of PAF. These
early changes suggest their close relationship with the disease.
At the same time they are a prerequisite for an increased
activity of the fibrinolytic system in plasma, which may explain
the low embologenic potential during the first hours of PAF.

References

1. Aviles, R.J., D.O. Martin, C. Apperson-Hansen et al.
2003. Inflammation as a risk factor for atrial fibrillation.
Circulation. 108:3006-3010.

2. Bajzar, L., R. Manuel, and M.E.Nesheim. 1995.
Purification and characterization of TAFI, a thrombin-
activable fibrinolysis inhibitor. J Biol Chem.
270:14477–84.

3. Bajzar, L., J. Morser, and M. Nesheim. 1996. TAFI, or
plasma procarboxypeptidase B, couples the coagulation
and fibrinolytic cascades through the thrombin-
thrombomodulin complex. J Biol Chem. 271:16603–8.

4. Bogatcheva, N.V., J.G. Garcia JG, and A.D.Verin. 2002.
Molecular mechanisms of thrombin-induced endothelial
cell permeability. Biochemistry (Mosc). 67(1):75-84.

5. Camm, A.J., P. Kirchhof, G.Y. Lip et al. 2010.
Guidelines for the management of atrial fibrillation: the
Task Force for the Management of Atrial Fibrillation of
the European Society of Cardiology (ESC). Eur Heart J.
31(19):2369-429.

6. Campbell, W.D., E. Lazoura, N. Okada N, and H.
Okada.  2002. Inactivation of C3a and C5a octapeptides
by carboxypeptidase R and carboxypeptidase N.
Microbiol Immunol. 46:131–4.

7. Chapin, J.C., and K.A. Hajjar.  2015. Fibrinolysis and
the control of blood coagulation. Blood reviews.
29(1):17-24.

8. Celebi, O.O., S. Celebi, A. Canbay et al. 2011. The
effect of sinus rhythm restoration on high-sensitivity C-
reactive protein levels and their association with long-
term atrial fibrillation recurrence after electrical
cardioversion. Cardiology. 118:168-174.

9. Dernellis, J., and M. Panaretou. 2001. C-reactive protein
and paroxysmal atrial fibrillation: evidence of the
implication of an inflammatory process in paroxysmal
atrial fibrillation. Acta Cardiologica. 56:375–80.

10. Dobrovolsky, A.B., and E.V. Titaeva. 2002. The
fibrinolysis system: regulation of activity and
physiologic functions of its main components.
Biochemistry (Mosc). 67(1):99-108.

11. Drabik, L., P. Wołkow, and A. Undas. 2015. Denser
plasma clot formation and impaired fibrinolysis in
paroxysmal and persistent atrial fibrillation while on
sinus rhythm: association with thrombin generation,
endothelial injury and platelet activation. Thromb Res.
136(2):408-14.

12. Dubis, J., and W. Witkiewicz. 2010. The Role of
Thrombin-Activatable Fibrinolysis Inhibitor in the
Pathophysiology of Hemostasis. Adv Clin Exp Med.
19(3):379-87.

13. Feinberg WM, Macy E, Cornell ES, Nightingale SD,
Pearce LA, Tracy RP, et al. Plasmin-alpha2-antiplasmin
complex in patients with atrial fibrillation. Stroke
Prevention in Atrial Fibrillation Investigators. Thromb
Haemost. 1999;82(1):100-3.

14. Freynhofer, M.K., D.F. Draxler, S.C. Gruber SC et al.
2013. Endogenous t-PA-antigen is an independent
predictor of adverse cardiovascular events and all-cause
death in patients with atrial fibrillation. J Thromb
Haemost. 11(6):1069-77.

15. Frustaci, A., C. Chimenti, F. Bellocci et al. 1997.
Histological substrate of atrial biopsies in patients with
lone atrial fibrillation. Circulation. 96:1180–84.

16. Gorog, D.A. 2010. Prognostic value of plasma
fibrinolysis activation markers in cardiovascular disease.
J Am Coll Cardiol. 55(24):2701-9.

17. Hatzinikolaou-Kotsakou, E., Z. Kartasis, D. Tziakas et
al. 2003. Atrial fibrillation and hypercoagulability:
dependent on clinical factors or/and on genetic
alterations? Thromb Thrombolysis. 16(3):155-61.

18. Kirchhof, P., A. Auricchio, J. Bax et al. 2007.  Outcome
parameters for trials in atrial fibrillation: executive
summary. Eur Heart J. 28(22):2803-17.

19. Li-Saw-Hee, F.L., A.D. Blann, D. Gurney et al. 2001.
Plasma von Willebrand factor, fibrinogen and soluble P-
selectin levels in paroxysmal, persistent and permanent
atrial fibrillation. Effects of cardioversion and return of
left atrial function. Eur Heart J. 22(18):1741-7.

20. Lip, G.Y., G.D. Lowe, A. Rumley et al. 1996.
Fibrinogen and fibrin D-dimer levels in paroxysmal
atrial fibrillation: evidence for intermediate elevated
levels of intravascular thrombogenesis. Am Heart J.
131(4):724-30.



International Journal of Recent Scientific Research Vol. 7, Issue, 3, pp. 9181-9185, March, 2016

9185 | P a g e

21. Lip, G.Y., P. Kakar, and T. Watson. 2007. Atrial
fibrillation--the growing epidemic. Heart. 93(5):542-3.

22. Marín, F., V. Roldán, V.E. Climent et al. 2004. Plasma
von Willebrand factor, soluble thrombomodulin, and
fibrin D-dimer concentrations in acute onset non-
rheumatic atrial fibrillation. Heart. 90(10): 1162–6.

23. Martini, C.H., A. Brandts, E.L. de Bruijne et al. 2006.
The effect of genetic variants in the thrombin activatable
fibrinolysis inhibitor (TAFI) gene on TAFI-antigen
levels, clot lysis time and the risk of venous thrombosis.
Br J Haematol. 134(1):92-4.

24. Morange, P.E., D.A. Tregouet, C. Frere C et al. 2005.
The Prime Study Group. TAFI gene haplotypes, TAFI
plasma levels and future risk of coronary heart disease:
the PRIME Study. J Thromb Haemost. 3:1503–10.

25. Mosnier, L.O., J.C. Meijers, and B.N. Bouma. 2001.
Regulation of fibrinolysis in plasma by TAFI and
protein C is dependent on the concentration of
thrombomodulin. Thromb Haemost. 85:5–11.

26. Mosnier, L.O., and B.N. Bouma. 2006. Regulation of
fibrinolysis by thrombin activatable fibrinolysis
inhibitor, an unstable carboxypeptidase B that unites the
pathways of coagulation and fibrinolysis. Arterioscler
Thromb Vasc Biol. 26(11):2445-53.

27. Sata, N., N. Hamada, T. Horinouchi et al. 2004. C-
reactive protein and atrial fibrillation. Is inflammation a
consequence or a cause of atrial fibrillation? Jpn Heart J.
45:441–5.

28. Seet, R.C., P.A. Friedman, and A.A. Rabinstein. 2011.
Prolonged rhythm monitoring for the detection of occult
paroxysmal atrial fibrillation in ischemic stroke of
unknown cause. Circulation. 124(4):477-86.

29. Tanaka, K.A., N.S. Key, and J.H. Levy. 2009. Blood
coagulation: hemostasis and thrombin regulation.
Anesth Analg. 108(5):1433-46.

30. Tregouet, D.A., R. Schnabel, M.C. Alessi MC et al.
2009. Activated thrombin activatable fibrinolysis
inhibitor levels are associated with the risk of
cardiovascular death in patients with coronary artery
disease: the AtheroGene study. J Thromb Haemost.
7(1):49-57.

31. Versteeg, H.H., J.W. Heemskerk, M. Levi et al. 2013.
New fundamentals in hemostasis. Physiol Rev.
93(1):327-58.

32. Wolf, P.A., R.D. Abbott, W.B. Kannel. 1991. Atrial
fibrillation as an independent risk factor for stroke: the
Framingham Study. Stroke. 22:983–988.

33. World Medical Association Declaration of Helsinki
(2008). Ethical principles for medical research involving
human subjects. 59th WMA General Assembly. Seoul.

34. Zoni-Berisso, M., F. Lercari, T. Carazza et al. 2014.
Epidemiology of atrial fibrillation: European
perspective. Clinical Epidemiology. 6:213-20.

How to cite this article:

Мariya Negreva., Svetoslav Georgiev and Katerina Vitlianova.2016, Thrombin Activatable Fibrinolysis Inhibitor In The
Early Hours of Paroxysmal Atrial Fibrillation. Int J Recent Sci Res. 7(3), pp. 9181-9185.

*******




	1.pdf
	4444.pdf
	2.pdf

