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Abstract

Background: Atrial fibrillation (AF) is a hypercoagulable state. Howev-
er, the intimate mechanisms leading to impaired coagulation and the tim-
ing of their activation are unclear. The aim of the study was to investigate
the factors that initiate the coagulation cascade in the early hours (up to
48 h) of clinical manifestation of paroxysmal atrial fibrillation (PAF).

Methods: Tissue factor (TF) level, coagulation activity of factor VII
(FVIIa), factor XII (FXIla) and factor XI (FXIa) were measured in
plasma of 51 non-anticoagulated patients (26 men and 25 women, aged
59.84 + 11.42 years) and 52 controls (26 men and 26 women, aged 59.50
+ 10.53 years) by enzyme-linked immunoassays and kinetic assays.

Results: TF was higher in the PAF group (268.63 = 90.62 pg/mL vs.
170.21+66.19 pg/mL, P<0.001) as well as FVIIa (170.82+59.39% vs.
95.174£37.90%,P<0.001), FXIIa (218.31+84.04% vs. 148.414+53.94%,
P<0.001) and FXTIa (178.41455.94% vs. 111.75+37.33%, P < 0.001).
Regression analysis showed that in the first 6 h of the disease, increase
in time led to increase in FXIla (r = 0.25, P < 0.05), FXIa (r=0.75, P
<0.05), TF level (r=0.25, P <0.05) and FVIIa (r = 0.25, P < 0.05).

Conclusion: Hemocoagulation changes were observed even < 6 h
after the onset of the disease. They suggest that PAF has an early
tendency for hypercoagulability, with the involvement of the intrinsic

and extrinsic pathways of coagulation.
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Introduction

One of the major clinical problems that outlines atrial fibrilla-
tion (AF) is the significant risk of cardioembolic events [1, 2].
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At their core is the formation of left atrial appendage thrombus
[3, 4]. Undoubtedly, the process is multifactorial and not only
associated with a left atrial blood flow disorder and its struc-
tural remodeling. Significant changes in a number of hemosta-
sis indicators have also been identified [5, 6]. In this regard, a
conducted immunohistochemical study of left atrial appendage
in AF patients showed fibrin abundance, significantly exceed-
ing platelet content [7]. This fact greatly clarifies the patho-
physiology of AF-related thrombus formation, giving reason
to believe that impaired blood coagulation plays a leading role
in thromboembolic events in AF.

Over the last two decades, there have been significant
changes in the understanding of the blood coagulation process.
The classic cascade model, introduced by Macfarlane, Davie
and Ratnoff back in 1964, identifies two activation pathways:
an extrinsic (initiated by tissue factor (TF)) and an intrinsic
pathway (initiated by coagulation factor XII (FXII)), which
function separately and are capable of independently induc-
ing the formation of fibrin thrombi [8]. However, clinical
observations have shown that this model does not accurately
reflect in vivo hemocoagulation. Therefore, a new hypothesis
has been proposed, in which a key point is a clear distinction
between physiological activation and pathological thrombosis
[9]. The two processes are defined as qualitatively different
with different regulatory mechanisms. In healthy people, the
coagulation cascade is constantly activated externally. Under
the initiating action of the TF/FVIla complex, low levels of
activated coagulation factors are generated mainly outside the
blood vessels, which impedes the completion of coagulation.
However, in conditions of thrombosis, the internal coagulation
pathway is activated as a rule. The activated FXII (FXIla) and
FXI (FXIa) factors in in vitro conditions stimulate additional
thrombin synthesis, which in turn provides for the propaga-
tion and stabilization of thrombi. Therefore, the modern model
of hemocoagulation considers the simultaneous activation of
both pathways of the coagulation cascade as an integral part of
the thrombus formation.

Despite significant developments in the basic understand-
ing of hemocoagulation, there is still uncertainty about the
exact pathophysiological mechanisms that initiate the coagu-
lation cascade in thrombotic conditions. After clinical studies
have shown normal hemostatic capacity and absence of abnor-
mal bleeding in congenital FXII deficiency, the involvement of
FXII in in vivo coagulation remains controversial. In this sense,
we can say that the intimate mechanisms that determine the
tendency for hypercoagulability in AF remain unclear. There
is also no clear answer when they are activated in time. Clini-
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cal evidence indicates that, although lower, thrombotic risk is
observed not only in the persistent form of the disease but also
in paroxysmal atrial fibrillation (PAF). This determines the sci-
entific and clinical interest in coagulation changes occurring
in short episodes of the disease. So far, data on coagulation
activity in the early hours of PAF are conflicting. For example,
elevated levels of fibrinopeptide A, thrombin-antithrombin 111
complex, d-dimer and others have been reported in some stud-
ies [10-12]. Other studies did not find changes in the fibrin
coagulation system in PAF [13-15]. Clarifying these details
would undoubtedly lead to refinement of the anticoagulant ap-
proach in patients with PAF.

The aim of the study was to investigate the intimate mech-
anisms that initiate the coagulation cascade in the early hours
(up to 48 h) of the clinical manifestation of PAF.

Materials and Methods

Study population

The subjects of the study were patients with a PAF episode <
48 h before hospitalization, who clearly indicated its onset as
“palpitations”. The diagnosis was accepted after verifying it
from an electrocardiogram (ECG) record. Of the 338 patients
screened, 51 (26 men and 25 women) with a mean age of 59.84
+ 11.42 years (31 - 77 years) were sequentially selected. Two
hundred eighty-seven patients were dropped because of exclu-
sion criteria (see below).

A control group of volunteers with no anamnestic or elec-
trocardiographic AF data were formed. For this purpose, 169
outpatients, who had visited their general practitioner (GP) for
an annual check-up, were screened. Of these, 52 (26 men and
26 women) were included in the study. Their mean age was
59.50 = 10.53 years (30 - 76 years). The above-mentioned ex-
clusion criteria were applied.

The patients and control group were equalized by gender,
age, body mass index (BMI), deleterious habits, comorbidities
and their treatment to eliminate their effect on the hemostatic
profile.

Excluding criteria were diseases and conditions that
themselves alter the hemostatic profile: 1) Cardiovascular
diseases: ischemic heart disease, heart failure, high-grade
and/or uncontrolled hypertension, moderate or severe ac-
quired valve defects, cardiomyopathy, implanted device for
the treatment of rhythm-conduction disorders, inflammatory
heart disease, congenital heart diseases; 2) Other diseases:
kidney or liver failure, inflammatory and/or infectious dis-
eases, neoplastic and autoimmune diseases, chronic pulmo-
nary insufficiency, endocrine disorders (except for non-insu-
lin dependent, well-controlled diabetes mellitus (DM) type
2); previous thromboembolic incidents, bleeding diathesis,
miscarriages (for women); 3) Intake of hormone replacement
therapy, contraceptives, oral anticoagulants or antiplatelet
drugs, pregnancy, systemic intake of analgesics (incl. non-
steroidal antiinflammatory drugs (NSAIDs)), obesity with
BMI > 35; 4) Unsuccessful restoration of sinus rhythm with
drugs (propafenone) (for the patient group).
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Study design

The clinical study was conducted at the First Cardiology Clinic
of the University Hospital Saint Marina, Varna, Bulgaria after
approval by the local ethics committee (Institutional Reviewer
Board Approval 9/14.10.2010). The study was carried out in
accordance with the Declaration of Helsinki for the period
from October 2010 to May 2012 [16].

Peripheral venous blood was collected once in each select-
ed patient immediately after hospitalization prior to initiation
of drug treatment. Controls were also examined once.

Four hemocoagulation indicators were examined in each
study participant, namely, TF level, coagulation factor VII ac-
tivity (FVIla), coagulation factor XII activity (FXIIa) and co-
agulation factor XI activity (FXIa).

Collection and storage of blood samples

The indicators were examined in venous blood obtained after
peripheral venipuncture (left or right cubital vein). Blood sam-
ples were collected in coagulation 3.2% sodium citrate tubes
(VACUETTE, Greiner Bio-One North America, Inc.). Subse-
quently, they were centrifuged at 2,500 rpm for 15 min, and
the resulting plasma was separated and stored according to the
manufacturer’s requirements for the tests used.

Each indicator was examined twice and the arithmetic
mean was taken into account.

Laboratory procedures

An enzyme-linked immunoassay technique was applied to de-
termine TF concentration in plasma (IMUBIND tissue factor
ELISA, BioMedica Diagnostics, USA). The coagulation activ-
ity of FVII, FXI and FXII was measured by means of kinetic
enzyme tests (factor VII deficient plasma, immunads. Tech-
noclone, Austria; factor XI and XII deficient plasma, native
Technoclone, Austria, respectively).

Statistical methods

Continuous variables were expressed as mean + standard
deviation (SD) and categorical variables were expressed as
percentage of the total group. Two-tailed Student’s #-test for
independent samples was used to compare quantitative vari-
ables. Fisher’s exact or Pearson’s Chi-square tests were used
to compare categorical variables and occurrence frequency.
Values P < 0.05 were adopted for statistically significant.
Linear regression analysis was used to analyze the associa-
tion between the dependent variables TF level, FVIIa, FXIla
and FXIa and the duration of PAF episode. The relationship
between hemostatic indicators and the categorical independ-
ent variable CHA2DS2-VASc score was examined using
analysis of variance (ANOVA). STATISTICA 13.3.0 (Stat-
Soft Inc., USA) software package was used for all statistical
analysis.
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Table 1. Clinical Characteristics of the Participants

Patients with PAF Control group P values

Number of participants 51 52 0.89
Mean age (years) 59.84 £ 11.42 59.50 £ 10.53 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
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/m?) 23.85+3.28 24.95+3.24 0.09
CHA2DS2-VASc score No score

Number of patients with score <2 25

Number of patients with score > 2 26

CHA2DS2-VASc score - congestive heart failure, hypertension, age = 75 years, diabetes mellitus, stroke/transient ischemic attack/thromboembolism,
vascular disease (prior myocardial infarction, peripheral vascular disease, or aortic atherosclerosis), age (65 - 74 years) and sex category (female).
According to CHA2DS2-VASc score, patients were divided into low-risk (score < 2) and high-risk (score = 2) for the emergence of embologenic risk
according to the recommendations of the European Society of Cardiology [17]. PAF: paroxysmal atrial fibrillation; ACE: angiotensin converting en-

zyme; BMI: body mass index.

Results

Participants characteristics

In terms of number, mean age and sex structure, the patient
group was comparable to the control (P > 0.05) (Table 1) [17].
In terms of comorbidities, dyslipidemia and treatment (up to
hospitalization), as well as frequency of deleterious habits and
BMI, the patient group with PAF was statistically identical to

Table 2. Echocardiographic Evaluation of the Participants

control group (P > 0.05) (Table 1). Data from the transthoracic
echocardiographic study also showed no statistically signifi-
cant differences in the studied parameters between patients and
controls (P > 0.05) (Table 2).

The statistical analysis of the time of manifestation of AF
prior to hospitalization showed that all 51 patients were hos-
pitalized between the second and 24th hour after the onset of
arrhythmia, most often during the fifth hour. No patient was ad-
mitted to the ward after the 24th hour, and the mean duration of
arrhythmic episodes prior to hospitalization was 8.14 £+ 5.40 h.

Echocardiographic indicators Patients with PAF Control group P values
LVEDD (mm) 52.57+5.43 5229 +5.44 0.73
LVESD (mm) 3443 +5.34 34.73 +£4.99 0.69
EF (%) 62.98 +£5.97 61.54+5.49 0.12
IVS (mm) 10.37 £3.42 9.92 +3.68 0.20
PW (mm) 10.24 +3.27 9.73 +£3.82 0.16
LA volume (mL/m?) 22.81 £4.80 23.82+5.00 0.13
RVEDD (mm) 30.54 +8.98 29.17 £ 8.51 0.18

PAF: paroxysmal atrial fibrillation; LVEDD: left ventricular end-diastolic dimension; LVESD: left ventricular end-systolic dimension; EF: ejection frac-
tion; IVS: interventricular septum thickness; PW: posterior wall; LA: left atrial; RVEDD: right ventricular end-diastolic dimension.
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Figure 1. Tissue factor levels in plasma in the control and patient groups.

Coagulation markers

Plasma level of TF was significantly higher in PAF group (268.63
+ 90.62 pg/mL vs. 170.21 £ 66.19 pg/mL, P < 0.001; Fig. 1).
Higher activity of FVIIa (170.82+£59.39% vs. 95.17+£37.90%, P
<0.001; Fig. 2), FXIla (218.31£84.04% vs. 148.41+53.94%, P
<0.001; Fig. 3) and FXIa (178.41+55.94% vs. 111.75+£37.33%,
P <0.001; Fig. 4) and was also measured in patients with AF.

A significant correlation was found between FXIla and
time spent in PAF, an increase in time in PAF led to increase
in the activity of the coagulation factor (r = 0.78, adjusted R2
= 0.61, P < 0.001, Fig. 5). No linear dependence was found
between TF levels (r = 0.16, adjusted R2 = 0.01; P > 0.05),
FVIIa (r = -0.20, adjusted R2 = 0.02, P> 0.05), FXIa (r = 0.20,
adjusted R2 = 0.02, P> 0.05) and the time spent in PAF.

Additionally, the patient group was divided into two
groups according to onset of the arrhythmia: the first group
included patients with arrhythmia duration < 6 h, and the sec-
ond group included patients with arrhythmia duration between
7 and 24 h. Regression analysis showed that FXIIa (r = 0.25,
Fig. 6), FXlIa (r=0.75, Fig. 7), TF level (r = 0.25, Fig. 8) and
FVIla (r = 0.25; Fig. 9) increased in the first group of patients
(PAF duration < 6 h) with increase in the time spent in PAF. In
the second group of patients, FXIla showed a correlation with
PAF duration (r = 0.39). Such correlation was not found for
FXIa (r = -0.08) and TF (r = 0.005). FVIla showed a negative
correlation (r =-0.25).

ANOVA did not find any statistically significant differ-
ence between patients with low (CHA2DS2-VASc score <

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

2) and high embologenic risk (CHA2DS2-VASc score > 2)
with respect to all four studied indicators, namely TF levels
(260.55 £91.42 pg/mL vs. 276.29 + 90.96 pg/mL, P > 0.05),
FVIla (181.57457.72% vs. 160.47+60.24%, P > 0.05), FXI-
Ia (212.41£79.92% vs. 224.01£89.03%, P > 0.05) and FXla
(178.31£55.62% vs. 178.53+57.34%, P > 0.05).

Discussion

Thromboembolism is generally the most common cause of
morbidity and mortality worldwide [18]. Its pathophysiology
has its specific characteristics in various diseases: platelet ac-
tivation plays a key role in arterial atherosclerotic incidents,
and stasis and hypercoagulability are crucial for the develop-
ment of deep vein thrombosis and AF [19]. Regardless of the
differences, a common principle in thrombus formation is the
activation of the coagulation cascade. Therefore, hemocoagu-
lation and its intimate mechanisms are of scientific and clinical
interest both in the general context of thrombus formation and
in individual prothrombotic cases.

Elevated levels of some coagulation activity indicators
such as d-dimer, fibrinogen, antithrombin III (ATIII), throm-
bin-antithrombin III complex, prothrombin fragments 1 + 2
(PF 1 + 2) and others have been observed in AF patients [20].
This gives us a general reason to assumption that the disease is
associated with activated hemocoagulation. However, the pre-
sented studies so far, have examined single indicators, which
do not allow revealing the nature of the identified changes.

www.cardiologyres.org
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Figure 2. FVII coagulation activity in the control and patient groups.
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Figure 3. FXII coagulation activity in the control and patient groups.
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Figure 4. FXI coagulation activity in the control and patient groups.
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Figure 5. Correlation between XII activity and time spent in PAF. PAF: paroxysmal atrial fibrillation.
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Figure 6. Changes in FXlla during the first 6 h of the clinical manifestation of PAF. PAF: paroxysmal atrial fibrillation.
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Patient groups are predominantly with persistent or per-
manent AF, which does not allow to time the changes. Studies
on PAF are few and controversial. High levels of fibrinogen
were measured as early as the early hours (up to 48 h) of the
disease [14, 15, 21]. Increased levels of d-dimer have also been
identified as an indirect marker of enhanced coagulation, as
well as of the thrombin-antithrombin complex [22-24]. Other
clinical studies have found no changes in hemocoagulation in
PAF [13, 25]. This further complicates the analysis and gen-
eralization of currently available data on coagulation in PAF.

According to current concepts, TF plays a key role in the
in vivo activation of coagulation. It is the universal initiating
factor of the coagulation cascade both under physiological and
thrombotic conditions. In its nature, it is a transmembrane re-
ceptor. The binding to its sole ligand FVII/FVIla initiates co-
agulation by activating both FX and FIX - a central molecule
in the intrinsic coagulation pathway [26]. Moreover, the TF/
FVIla-dependent initial activation of FIX is considered to be
of even greater significance than the FXla-mediated one [27].
This is evidence of the close relationship between the two
pathways, their functional unity and the determining role of
TF and FVIla in the activation of hemocoagulation. As can
be seen from our results (Figs. 1 and 2), plasma TF levels and
coagulation activity of FVIla were significantly higher in PAF
patients than the controls (P < 0.001). It is well known that TF
is not only expressed on the endothelial surface and its dam-
age is not the only source. TF can enter the bloodstream with
fragmented membrane particles of various cell types such as
leukocytes and platelets, as well as in activation of endothelial
cells and monocytes [28, 29]. Possibly the high levels of TF in
the study patient group are of multicomponent origin, given
the variety of mechanisms that can provoke its contact with
blood components. High TF levels are followed by significant
activation of FVII, which was also observed in our study. The
changes we have detected in TF and FVIla suggest that the
extrinsic pathway of the coagulation cascade is significantly
activated in the first 24 h of the clinical manifestation of PAF.
This in turn determines the enhanced activation of the initia-
tion phase of the coagulation process.

FXII and FXI play an important role in the next stages of
coagulation, namely propagation and ultimate stabilization of
thrombi [30]. This gave reason for our clinical interest in the ac-
tivity of FXII and FXI. Unidirectional deviations were detected
(Figs. 3 and 4; P <0.001). The activity of both indicators in the
patient group was significantly higher than that of the controls,
which is evidence of activation of the intrinsic pathway of the
coagulation cascade in the patient population studied by us.

Thromboembolic risk in AF and, respectively, the need for
anticoagulant treatment, is determined based on assessment
scales, and the most commonly used is the CHA2DS2-VASc
score, which includes congestive heart failure, hypertension,
age, DM, stroke/transient ischemic attack/thromboembolism,
vascular disease (prior myocardial infarction, peripheral vas-
cular disease, or aortic atherosclerosis) and sex category (fe-
male) [17, 31]. These scales include factors that are considered
embologenic, i.e. determining increased coagulation activity
on their own. AF is not present in any of the assessment scales
used. However, our ANOVA showed that there were no sig-
nificant differences in TF levels, FVIla, FXIla and FXIa be-
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tween patients with low (CHA2DS2-VASc score < 2) and high
(CHA2DS2-VASc score > 2) embologenic risk (P > 0.05). In
the examined PAF population, coagulation activity was in-
creased regardless of the embologenic risk. This led us to be-
lieve that the manifestation of PAF alone could not be ignored
as a factor that independently affects coagulation activity and,
respectively, embolic risk. We believe that our results provide
a good basis for further studies to include the disease itself
in the assessment of the embologenic risk associated with it
and to refine the possibilities for doing so. On the other hand,
regression analysis showed that arrhythmia duration was a pre-
dictor of FXIIa values (r=0.78, P <0.05). As duration increas-
es, FXIIa increases as well (r = 0.78, P < 0.001; Fig. 5). Ad-
justed correlation coefficient R? showed that a significant part
of changes in FXIla could be explained by changes in duration
(adjusted R% = 0.61). The resulting scatter curves showed that
most of the data represented coagulation activity by the sixth
hour of the onset of the disease (28 patients were admitted with
a PAF episode duration < 6 h). In this regard, in order to bet-
ter characterize the regression lines, we divided the patients
into two groups according to the episode duration: with a PAF
duration < 6 h and > 6 h. The results showed that in the first 6
h of the disease, the values of all four indicators increased with
duration, suggesting a tendency towards hypercoagulability to
be formed still in these early hours.

The “48-h rule” is well established in clinical practice, ac-
cording to which early cardioversion (up to 48 h of arrhythmia)
is safe with a low thromboembolic risk ranging between 0.3%
and 1.1% [32]. That is why early IV anticoagulant therapy is
currently recommended. The changes we established give us
reason to believe that it should be obligatory and arising not
from the general embologenic risk but from the very presence
of the rhythmic disturbance.

Conclusion

Changes in hemocoagulation were observed even < 6 h after
the onset of the disease. They suggest an early tendency for hy-
percoagulability in PAF, with the involvement of the intrinsic
and extrinsic pathway.

Limitations of the study

The indicators were examined once, immediately after hospi-
talization, which was predetermined by the design of the study.
As can be seen from the presented patient characteristics, some
patients have a CHA2DS2-VASc score > 2, which requires an-
ticoagulant treatment in the diagnosis of the disease. The study
of coagulation factors against the background of anticoagula-
tion treatment would compromise the reliability of the obtained
results.
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