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Abstract

Background: Data on coagulation changes in paroxysmal atrial fi-
brillation (PAF) are scarce. The aim of this study was to examine 
plasma antithrombin (AT) levels and activity as well as thrombin-
antithrombin (TAT) complex levels in the early hours of the clinical 
manifestation of PAF.

Methods: Fifty-one patients (26 men and 25 women; mean age 59.84 
± 1.60 years) were consecutively selected with PAF duration < 24 
hours, and 52 controls (26 men and 26 women; mean age 59.50 ± 1.46 
years) matched the patients in terms of gender, age and comorbidities. 
Plasma levels and activity of AT and levels of the covalent TAT com-
plex were studied once in each study participant.

Results: AT plasma levels in PAF patients were statistically signifi-
cantly lower compared to controls (164.69 ± 10.51 vs. 276.21 ± 8.29 
μg/mL, P < 0.001). Plasma activity of the anticoagulant was also sig-
nificantly lower in PAF (71.33±4.87 vs. 110.72±3.09%, P < 0.001). 
TAT complex concentration in plasma was higher in the patient group 
(5.32 ± 0.23 vs. 3.20 ± 0.14 μg/L, P < 0.001).

Conclusion: We can say that PAF is associated with significantly re-
duced AT levels and activity and increased levels of TAT complex 
during the first 24 hours after its manifestation. These changes indi-
cate a reduced activity of AT anticoagulant system, which is a prob-
able prerequisite for the established enhanced coagulation (high TAT 
complex levels).
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Introduction

Blood coagulation is an essential process for the human body 
and its fine regulation is one of the main processes responsible 
for blood fluidity. Blood coagulation is controlled by several 
anticoagulant systems, which under physiological conditions 
dominate the procoagulant forces [1].

The existence of the AT anticoagulant system was con-
ceptualized in 1905 by Paul Moravitz, when he described the 
ability of plasma to neutralize thrombin activity. In 1965, Olav 
Egeberg presented for the first time a family with congenital 
AT deficiency, producing strong evidence for the clinical sig-
nificance of the biomolecule [2]. After these initial discover-
ies a number of studies were conducted that shed a significant 
degree of clarity about AT structure and functions at molecular 
level.

Antithrombin (AT) is a 58-kDa molecule which belongs 
to the serine protease inhibitor (serpins) superfamily [3]. In its 
essence, it is a glycoprotein consisting of 432 amino-acid resi-
dues, and four of them glycosylated, to which oligosaccharide 
side chains are attached. Today, there is already indisputable 
evidence of the central role of AT in the regulation of blood 
coagulation. It is a powerful inhibitor of the coagulant cascade 
reactions [4]. One of its main effects is directed to the inactiva-
tion of the serine protease thrombin, a key factor for coagula-
tion, which is responsible for the formation of fibrin monomers 
and their polymerization as well as stabilization of the fibrin 
clot [5, 6]. AT neutralizes thrombin by forming between them 
a stoichiometric thrombin-antithrombin (TAT) complex in 
which thrombin loses irreversibly its enzymatic activity.

It is appropriate to note that AT plays a key role in blood 
coagulation by providing an inhibitory effect on a number of 
other enzymes [7]. It inhibits the activity of FXa, and to a lesser 
extent, the activity of IXa, FXIa, and FXIIa [8, 9]. Its ability 
to limit coagulation through multiple interactions makes it 
one of the most important natural anticoagulant proteins. The 
physiological significance of AT anticoagulant system is best 
demonstrated by the rare, but almost always fatal in utero, ho-
mozygosity for AT deficiency [10, 11]. Therefore, changes in 
its plasma levels and activity have a significant impact on the 
anticoagulant protection of the body and are a commonly used 
laboratory coagulation indicator.

In this aspect, the study of AT within the covalent TAT 
complex is no less important. The levels of the complex reflect 
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thrombin generation are a sensitive marker for the activation of 
intravascular coagulation [12, 13]. The study of TAT complex 
in plasma has a clinically significant value for the diagnosis 
and risk assessment of thromboembolic events.

Atrial fibrillation (AF) is a significant risk factor for throm-
boembolic events [14, 15]. The tendency to thrombogenesis in 
AF is a consequence of damages in all three components of 
the Virchow’s triad, namely, endothelial/endocardial damage 
or dysfunction, abnormal blood stasis (e.g., in the left atrial 
appendage), and blood constituents [16-18].

Attempts to reduce embolic burden in AF directed research 
interest toward hemostasis profile and particularly toward the 
complexly regulated coagulation/anticoagulation balance. 
In this aspect, most studied are the persistent and permanent 
forms of the disease. In recent years, however, clinical interest 
in paroxysmal atrial fibrillation (PAF) increased significantly, 
after it was established that the risk of stroke and other embolic 
events in PAF is no less, compared to chronic AF [19]. Data on 
changes in coagulation in PAF and particularly in the earliest 
hours of the arrhythmia are extremely scarce.

Aim

The aim of the study was to examine the plasma AT levels and 
activity as well as TAT complex levels in the early hours of the 
clinical manifestation of PAF.

Materials and Methods

Study design

Accurate determination of the time of the occurrence and dura-
tion of PAF was crucial for this study. Therefore, only patients 
who could clearly define the onset of arrhythmia within 24 h of 
its manifestation by reporting a sudden onset of “palpitations”, 
continuing until hospitalization (respectively until blood sam-
pling), were selected. Patients were diagnosed on the basis of 
electrocardiographic (ECG) immediately after admission to 
the ward and before blood sampling.

Patients’ uncertain about the onset of the rhythm disorder 
was not subject of research interest.

A control group was formed from volunteers, who visited 
their doctor for their annual examination.

The participants were included in the study after previ-
ously signing an informed consent to participate.

The same exclusion criteria (see below) were applied in 
selecting the patient and control group. AT levels and activity 
and levels of the covalent TAT complex in plasma were studied 
once in each study participant.

Exclusion criteria were: 1) Cardiovascular diseases, 
namely, ischemic heart disease; heart failure; uncontrollable 
hypertension; implanted device for the treatment of rhythm-
conducive disorders; inflammatory and congenital heart dis-

Table 1.  Patient and Control Group Clinical Data

Patients with PAF Control group P values
Number of participants in the group 51 52 0.89
Mean age (years) 59.84 ± 1.60 59.50 ± 1.46 0.87
Men/women 26/25 26/26 1/0.93
Accompanying diseases
  Hypertension 37 (72.54%) 34 (65.38%) 0.44
  Diabetes mellitus type 2 3 (5.88%) 2 (3.84%) 0.62
  Chronic ulcer disease 2 (3.92%) 0 0.15
  Status after hysterectomy 2 (3.92%) 1 (1.92%) 0.54
  Benign prostatic hyperthrophy 1 (1.96%) 0 0.32
Dyslipidemia 4 (7.84%) 3 (5.77%) 0.69
Medicaments for hypertension and dyslipidemia
  Beta blockers 19 (37.25%) 17 (32.69%) 0.62
  ACE inhibitors 15 (29.41%) 14 (26.92%) 0.78
  Sartans 11 (21.57%) 9 (17.31%) 0.58
  Statins 4 (7.84%) 3 (5.77%) 0.69
Deleterious habits
  Smoking* 8 (15.69%) 7 (13.46%) 0.75
  Alcohol intake** 7 (13.72%) 6 (11.53%) 0.74
BMI (kg/m2) 23.85 ± 0.46 24.95 ± 0.45 0.09

*Less than 0.5 pack (10 cigarettes)/week. Hospitalized patients had not smoked at least 24 h prior to the arrhythmia. Data from 
controls were taken after a 48-h non-smoking period. **No more than 2 drinks/week. Hospitalized patients had at least a 48-h 
period without alcohol prior to the arrhythmia. Data from controls were taken after a 48-h period without alcohol.
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eases; moderate or severe valve diseases. 2) Other diseases: 
renal, liver or pulmonary diseases; diseases of the central nerv-
ous system; inflammatory and/or infectious diseases for the 
previous three months; neoplasmic and autoimmune diseases; 
diseases of the endocrine nervous system (except for diabe-
tes mellitus type 2, non-insulin dependent, well controlled). 
3) Intake of hormone-replacement therapy or contraceptives; 
pregnancy; systematic intake of analgesics, incl. non-steroidal 
anti-inflammatory drugs; intake of antiplatelet drugs and an-
ticoagulants; obesity (body mass index (BMI) > 35). 4) AF 
history and ECG data (only for the controls).

Study population

Fifty-one PAF patients (26 men and 25 women; mean age 
59.84 ± 1.60 years) with PAF duration < 24 h, whose sinus 
rhythm was successfully restored by pharmacological cardio-
version with propafenone, were consecutively selected for the 
study. The drug was administered immediately after the hos-
pitalization of patients (after the collection of blood samples) 
in the prescribed for it scheme with a total duration of 24 h 
[20, 21].

The control group was formed by 52 volunteers (26 men 
and 26 women; mean age 59.50 ± 1.46 years) with no AF his-
tory or ECG data until the beginning of the study.

The study was conducted in the Intensive Coronary 
Care Unit of First Cardiology Clinic at the University Hos-
pital “St. Marina”, Varna for the period October 2010 - May 
2012 after approval by the Research Ethics Committee (No. 
35/29.10.2010) at the same hospital and in accordance with the 
Declaration of Helsinki [22].

Collection and storage of blood samples

In patients, blood samples were collected immediately after 
hospitalization prior to drug administration. In the control 
group, blood was taken during the prophylactic outpatient ex-
amination.

Blood samples (approximately 3.5 mL venous blood) were 
collected from the antecubital vein into coagulation tubes with 
3.2% sodium citrate (VACUETTE, Greinet Bio-One North 
America, Inc.). After centrifuging at 2,500 g for 15 min, the 
resulting platelet poor plasma was stored in plastic tubes at -20 
°C for up to 1 month.

Each indicator was determined twice, taking the average 
of the two measurements. Refreezing of samples was not al-
lowed.

Laboratory procedures

We measured AT plasma levels by immune-turbidimetric assay 
(LIATEST AT III, Diagnostica Stago, France). A chromogenic 
assay was applied to determine AT activity in plasma (STA-
Stachrome AT III, Diagnostica Stago, France). Quantitative 
measurement of plasma TAT complex levels was performed by 

an enzyme-linked immunosorbent assay (ELISA) (Enzygnost, 
Siemens Healthcare Diagnostics Products GmbH, Marburg, 
Germany).

Statistical analysis

Mean values, standard error of the mean (SEM), relative shares, 
and central tendency (Mo = mode) were calculated using de-
scriptive statistics. Testing of the hypotheses for equality of 
means and relative share indicators was done by the Student’s 
two-tailed t-test for unpaired data for normal distributions.

All calculations were done with the GraphPad PRISM, 
Version 5.00. A probability value of P < 0.05 was considered 
significant in all statistical analyses. All results were expressed 
as mean ± SEM.

Results

There was no statistically significant difference between the 
two groups for the following indicators: gender, age, clini-
cal characteristics, deleterious habits and BMI (Table 1) (P > 
0.05).

Transthoracic echocardiography found no significant dif-
ferences between the patient and control groups (Table 2) (P 
> 0.05).

Statistical analysis showed that all 51 patients were hos-
pitalized between 2 and 24 h after the onset of the arrhythmia, 
most commonly during the fifth hour (Mo = 5; 10 of all 51 
patients). The mean duration of AF episodes until hospitaliza-
tion was 8.14 ± 0.76 h.

The study of hemostatic indicators found that AT plasma 
levels of PAF patients were statistically significantly lower 
compared to controls (164.69 ± 10.51 vs. 276.21 ± 8.29 μg/mL, 
P < 0.001) (Fig. 1). Plasma activity of the anticoagulant was 
also significantly lower in PAF (71.33±4.87 vs. 110.72±3.09%, 
P < 0.001) (Fig. 2). TAT complex concentration in plasma was 
higher in the patient group (5.32 ± 0.23 vs. 3.20 ± 0.14 μg/L, 

Table 2.  Echocardiographic Indices of Patient and Control 
Group

Echocardiographic 
indicators

Patients 
with PAF

Control 
group P values

LVEDD (mm) 52.57 ± 0.58 52.29 ± 0.57 0.73
LVESD (mm) 34.43 ± 0.56 34.73 ± 0.48 0.69
EF (%) 62.98 ± 0.70 61.54 ± 0.58 0.12
IVS (mm) 10.37 ± 0.23 9.92 ± 0.26 0.20
PW (mm) 10.24 ± 0.21 9.73 ± 0.28 0.16
LA volume (mL/m2) 22.81 ± 0.45 23.82 ± 0.48 0.13
RVEDD (mm) 30.54 ± 1.58 29.17 ± 1.52 0.18

LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular 
end-systolic diameter; EF: ejection fraction; IVS: interventricular sep-
tum; PW: posterior wall; LA: left atrium; RVEDD: right ventricular end-
diastolic volume.
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P < 0.001) (Fig. 3).

Discussion

It is well known that AF is a condition with a high embologenic 
risk. Studies were on the coagulation system activity of estab-
lished hypercoagulable state in the persistent and permanent 
form of arrhythmia. Specifically, increased fibrin turnover was 
reported in patients with chronic AF [23-26]. Moreover, statis-
tical analysis showed that the changes are independent of co-
morbidities or structural heart diseases [23, 24]. Significantly 
increased plasma levels of TAT complexes, AT and prothrom-
bic fragment 1+2 were measured in chronic non-rheumatic AF 
[27-29]. It was also found that the accumulation of cardiovas-
cular risk factors such as diabetes mellitus, heart failure, stroke 
and others in AF is associated with an increase in coagulation 
indicators [30, 31].

Literature data to date undoubtedly show that the persis-
tent and permanent forms of AF may manifest as a prothrom-
botic state caused by abnormal coagulation. However, data on 
coagulation status in PAF patients are scarce. They show a ten-
dency to a hypercoagulable state in the clinical manifestations 
of the disease [32-35]. Logically, the question arises on how 
early in the course of PAF these changes occur. The answer un-

doubtedly has important clinical significance for the therapeu-
tic approach to this form of the rhythm disorder. The literature 
search done by us found several studies examining coagulation 
in the early hours of the disease. There are established changes 
in D-dimer and TAT complexes indicators, giving reasons to 
the authors to assume that there is a procoagulant state [32, 
36].

It is appropriate, however, to note that only single indica-
tors are studied in groups with a very small number of patients, 
with some of them with structural heart diseases, in itself a 
prerequisite for hemostatic disorders.

In our study, we formed “pure” patient and control groups 
in terms of diseases (cardiovascular and non-cardiovascular) 
and drug treatment affecting the hemostasis profile. Moreover, 
the patient and control groups were equalized in terms of mean 
age, gender structure, deleterious habits, BMI and others (Ta-
bles 1 and 2). Thus, we believe the juxtaposition between the 
groups was objective at the maximum degree and this enabled 
us to study the effect of PAF on coagulation status.

In the presented study, AT plasma levels were significantly 
reduced in PAF patients (P < 0.001) (Fig. 1). These variations 
could be interpreted as a consequence of reduced biosynthesis, 
reinforced clearance or anticoagulant consumption. Which is 
it, we can only guess. More significant in this case is that they 
themselves could explain the established low AT activity in the 

Figure 1. Comparison of AT plasma levels in patients with PAF and controls in sinus rhythm (*P < 0.001). 

Figure 2. Comparison of AT activity in plasma in patients with PAF and controls in sinus rhythm (*P < 0.001). 
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patient group (P < 0.001) (Fig. 2).
As we already mentioned, the formation of thrombin is a 

key step in the process of blood coagulation, and its inactiva-
tion by AT is one of the main anticoagulation pathways [5, 
6]. In this sense, the measured low AT activity in the patient 
group is a major prerequisite for reduced activity of the an-
ticoagulant system as a whole and creation of conditions for 
hypercoagulability in the early hours of the clinical manifesta-
tion of PAF.

Thrombin inhibition is carried out after the formation of 
the TAT complex. In the studied patient group, plasma levels 
of the complex were significantly higher than in controls (P < 
0.001) (Fig. 3). In clinical practice, the increase in this indica-
tor is considered as evidence of an active thrombotic process 
and is regarded as an early marker of prothrombotic and hy-
percoaguable states [37]. Therefore, the changes in TAT com-
plex in PAF suggest intensive coagulation during the first 24 h 
of the clinical manifestation of the disease. They complement 
and validate the low AT activity levels. The established vari-
ations in the three studied indicators create a prerequisite for 
the manifestation of thromboembolic events. Moreover, they 
demonstrate the need for the earliest possible termination of 
the arrhythmia and restoration of sinus rhythm. Last but not 
least, it is appropriate to note that there are currently no ran-
domized controlled studies giving specific recommendations 
for anticoagulant therapy in PAF with episode duration < 24 h. 
Our results give a good reason to conduct further studies with 
a view to the need for mandatory application of anticoagulants 
in the early hours of PAF.

In conclusion, we can say that PAF is associated with sig-
nificantly reduced AT levels and activity and increased levels 
of TAT complex during the first 24 h after its manifestation. 
These changes indicate a reduced activity of AT anticoagulant 
system, which is a probable prerequisite for the established en-
hanced coagulation (high TAT complex levels).
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