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INTRODUCTION
Liver cirrhosis and atrial fibrillation are advanced chronic dis-
eases that occupy a leading position in the structure of mortal-
ity and morbidity in the world. [1,2] According to the WHO, 
the prevalence of liver cirrhosis in the world is approximately 
4.5%-9.5% of the total population and increases every year, 
despite the improvement and spread of vaccination programs, 
use of new methods of diagnosis and treatment of chronic liver 
diseases. [3] The course, complications and mortality rate due 
to liver cirrhosis are significantly influenced by concomitant 
diseases of the cardiovascular system, among which one of 
the most important is atrial fibrillation (AF). AF occurs in 
1-2% (33.5 million) of the population and is one of the most 
common cardiac arrhythmias in the world, affecting mostly 
the elderly. [4,5] According to statistical data, AF is observed 
in 5% (95% CI:2.8-8.6) patients with liver cirrhosis, which is 
higher than the prevalence of AF in the general population and 
is accompanied by a higher levels of hospitalization, mortality 
and more frequent occurrence of ischemic stroke and acute 
renal failure compared with liver cirrhosis. [6,7]

Traditionally patients with liver cirrhosis were thought to be 
“auto-anticoagulated” and prone to bleeding. This theory was 
supported by changes in standard coagulation parameters, par-

ticularly the international normalized ratio (INR), prothrombin 
time (PT), and clinically – by frequent episodes of bleeding. 
However, during the last 15 years, more detailed data have 
emerged that more accurately explain the hemostasis process 
in chronic liver disease. For a long time, it was not taken into 
account that along with procoagulant factors the synthesis of 
physiologic anticoagulants such as antithrombin III, protein 
S and C are reduced, which leads the hemostasis to a new 
rebalanced state. [8,9,10] The balance of the system may shift 
towards thrombosis or bleeding depending on various clinical 
factors – infection, systemic inflammation, renal failure. [11] 
Atrial fibrillation is a well-known clinical factor that increases the 
level of thrombotic complications and can theoretically shift the 
state of hemostasis in patients with liver cirrhosis towards hyper-
coagulation, provoking various thrombotic complications. [12]

The common laboratory coagulation parameters available 
in practice focus on the assessment of isolated stages of he-
mostasis, mainly procoagulant factors, and do not take into 
account the compensatory mechanisms that balance this 
process. These tests are performed on plasma, not the whole 
blood, and thus do not reflect vWF levels, platelet function 
and other factors that contribute to blood clot formation. 
Because these methods do not allow to assess the complex 
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activity was increased (2.81±0.05 vs. 2.48 ± 0.06, p<0.001) compared to liver cirrhosis.
Conclusions: In patients with liver cirrhosis and atrial fibrillation the hemostatic potential is significantly shifted towards hypercoagulation with a gradual worsening of 
coagulation disorders, starting from the compensated stage of liver cirrhosis. 
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overall picture of rebalanced hemostasis in patients with 
liver cirrhosis, global methods of hemostasis are becoming 
increasingly popular, the main principle of which is to assess 
the clot strength during formation and dissolution in whole 
blood. [13,14,15] They provide assessment of whole blood 
coagulation at a more global and clinically feasible level, as 
they can be performed quickly, in minutes, and therefore 
rapidly correct a variety of hemostasis disorders. One of such 
methods is low-frequency piezoelectric thromboelastography 
(LPTEG). The advantages of LPTEG compared to other VETs 
are the abilities to assess aggregation activity of thrombocytes, 
fibrinolytic system, physiological anticoagulant activity and 
total hemostatic potential of whole blood at any time during 
the process and specific sample without use of sodium citrate 
or other components that may affect the result. Also, LPTEG is 
a completely standardized test with a general sensitivity of all 
devices' measurements, validated by the manufacturer, which 
has a certain algorithm for assessing the hemostatic profile, 
which simplifies its use in clinical settings. [16] There are 

currently no data on the effect of AF on hemostasis in patients 
with liver cirrhosis, assessed by global assays of coagulation.

THE AIM 
In the present study, we aimed to assess the hemostatic po-
tential of patients with liver cirrhosis and atrial fibrillation by 
LPTEG and to investigate changes in parameters depending 
on the severity of liver cirrhosis A, B, C according to Child-
Pugh score compared to liver cirrhosis and control.

MATERIALS AND METHODS

PATIENTS AND STUDY PROCEDURE
We performed a prospective single-center cross-sectional 
study at the department of internal medicine №1 of Bogomo-
lets National Medical University, Kyiv, Ukraine, using database 
from departments of Internal Medicine, Gastroenterology, 

Table I. Clinical characteristics of patients with liver cirrhosis and AF, liver cirrhosis and healthy donors, number (%) or mean±SD.
Parameters Liver cirrhosis and AF Liver cirrhosis Healthy donors

Age, years 68,3±1,08 58,3±1,45 61,4 ± 2,35

Sex:
Male

Female
46 (65,71%)
24 (34,29%)

22 (61,11%)
14 (38,89%)

14 (70%)
6 (30%)

Etiology:
Alcohol

HCV
HBV

NAFLD
Cardiac cirrhosis

Combined

28 (40%)
4 (5,71%)

7 (10,01%)
19 (27,16%)

3 (4,26%)
9 (12,86%)

16 (44,4%)
5 (13,89%)
4 (11,12%)
7 (19.48%)

n.a
4 (11,1%)

n.a
n.a
n.a
n.a
n.a
n.a

Child-Pugh score:
A
B
C

25 (35,7%)
31 (44,3%)
14 (20%)

13 (36,1%)
16 (44,4%)
7 (19,45%)

n.a
n.a
n.a

Liver cirrhosis duration: 
Currently diagnosed

1-5 years
6-10 years
>11 years

14 (20%)
23 (32,86%)

28 (40%)
5 (7,14%)

n.a
20 (55,6%)
14 (38,9%)

2 (5,5%)

n.a
n.a
n.a
n.a

Antiagregants use:
Clopidogrel

Aspirin
2 (2,86%)

15 (21,43%)
2 (5,56%)
8 (22,2%)

n.a
n.a

Anticoagulants use:
Warfarin

Dabigatran
Rivaroxaban

Apixaban

17 (24,3%)
n.a

4 (5,71%)
1 (1,43%)

n.a
n.a
n.a
n.a

n.a
n.a
n.a
n.a

History of thrombotic events:
Thromboembolic (MI, IS)

Splanchnic vein thrombosis 
7 (10%)

9 (12,85%)
1 (2,78%)
3 (8,34%)

n.a
n.a

History of hemorrhagic events:
GI bleeding

Epistaxis
Gingival bleeding

6 (8,57%)
5 (7,14%)
2 (2,86%)

3 (8,33%)
3 (8,33%)
1 (2,76%)

n.a
n.a
n.a

* MI-Myocardial infarction, IS – Ischemic stroke.
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Hepatology and Infectious Diseases of several city hospitals. 
Initially we screened database between July 2020 and Decem-
ber 2020 for patients with determined diagnose of AF assessed 
by experienced cardiologists and among them we searched for 
patients with established diagnosis of liver cirrhosis or signs 
of chronic liver disease, such as elevated liver transaminases 
more than 3 times and bilirubin level associated with history 
of chronic alcohol consumption, presence of viral hepatitis 
serologic markers and risk factors for NAFLD. All selected 
patients were investigated by transient liver elastography by 
Soneus P7 UltraSign, Ukraine device at our department and 
stage of fibrosis was determined according to METAVIR 
score. Finally, we included 70 patients with liver cirrhosis 
and AF (I group), 36 patients with liver cirrhosis (II group) as 
comparison group and 20 healthy persons as control group. 
All participants were assessed and distributed according to 

severity of liver cirrhosis by Child-Pugh score. We excluded 
patients with hereditary or acquired coagulopathies of other 
etiologies, systemic connective tissue diseases, cancer and 
HIV infection. Participants who were included in this study 
gave their written informed consent. The study was approved 
by the local Ethical Committee (14.11.2019, protocol session 
№3) and conducted according to the Declaration of Helsinki. 
All patients were asked to stop taking any anticoagulants and 
antiagregants for 3 days before the examination. Patients 
baseline characteristics are described in Table I.

ASSESSMENT OF LPTEG PARAMETERS
LPTEG parameters were assessed by the portable device ARP-
01M “Mednord”. LPTEG is a global coagulation assay that 
measures changes of the viscoelastic properties of the blood clot 

Table II.  LPTEG parameters in patients with liver cirrhosis and AF, depending on the Child-Pugh score. (M ± m)
Parameters,

units
Healthy donors,

n=20
Total,
n=70

Class А,
n=25

Class В,
n=31

Class С,
n=14

t1, min. 1,22±0,13 0,7±0,03* 0,9±0,03 0,6±0,03*# 0,4±0,04*#

ІCC, cu. 23,63±1,0 34,58±0,77* 29,15±0,48 35,55±0,46*# 41,53±0,52*#

CTA, cu. 31,31±1,41 47,53±0,8* 42,41±0,68* 46,6±1,02*# 56,18±1,45*#

t3, min. 6,72±0,28 5,0±0,1* 5,76±0,08 4,87±0,08*# 3,9±0,14*#♦

ІCD, cu. 34,37±1,14 52,8±1,8* 46,06±1,06 54,18±1,0*# 73,38±1,63*#♦

ІCP, cu. 17,08±0,45 19,66±0,28* 17,46±0,27 20,23±0,25*# 22,3±0,43*#

t5, min. 36,82±1,26 32,94±0,36* 32,5±0,47* 33,56±0,33 32,34±0,53*

МА, cu. 536,3±11,92 655,7±9,19* 589,8±9,29 668,6±9,09 744,8±17,29

ІТC, cu. 17,91±0,66 19,41±0,34* 18,15±0,16 19,96±0,29*# 22,94±0,55*#♦

ІCRL, % 0,41±0,04 4,1±0,07* 3,73±0,13* 4,11±0,07* 4,74±0,1*#♦

CTAA, cu. 2,17±0,11 2,81±0,05* 2,65±0,07* 2,68±0,05* 3,39±0,08*♦

* - significance of statistical difference compared to healthy donors, p<0,05
# - significance of statistical difference compared to class A, p<0,05
♦ - significance of statistical difference compared to class B, p<0,05

Table III. LPTEG parameters in patients with liver cirrhosis, depending on the Child-Pugh score. (M ± m)
Parameters,

units
Healthy donors,

n=20
Total,
n=36

Class А,
n=13

Class В,
n=16

Class С,
n=7

t1, min. 1,22±0,13 0,7±0,04* 0,9±0,05 0,6±0,04* 0,3±0,06*#

ІCC, cu. 23,63±1,0 34,25±0,84* 29,52±0,72 36,4±0,88* 41,29±0,97*#

CTA, cu. 31,31±1,41 34,51±1,88 30,29±1,48 31,89±2,21 48,34±5,45*#♦

t3, min. 6,72±0,28 6,7±0,36 7,3±0,63 6,86±0,22 4,54±0,26*#♦

ІCD, cu. 34,37±1,14 38,55±1,54 34,95±1,35 38,52±0,88 53,59±1,56

ІCP, cu. 17,08±0,45 16,29±0,28 15,22±0,43 16,34±0,33 18,62±0,47#♦

t5, min. 36,82±1,26 36,8±1,30 36,8±2,24 37,35±2,11 35,69±1,66

МА, cu. 536,3±11,92 547±19,38 537,2±11,78 547±34,89 607,7±40,99

ІТC, cu. 17,91±0,66 15,09±0,56 14,95±0,91 14,4±0,86 19,05±1,89

ІCRL, % 0,41±0,04 3±0,15* 2,34±0,11* 3,18±0,16* 3,78±0,49*

CTAA, cu. 2,17±0,11 2,48±0,06 2,36±0,09 2,38±0,07 2,89±0,13*#♦

* - significance of statistical difference compared to healthy donors, p<0,05
# - significance of statistical difference compared to class A, p<0,05
♦ - significance of statistical difference compared to class B, p<0,05
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during the process of fibrin polymerization and formation of 
cross-molecular bonds, its retraction and subsequent lysis.  The 
analysis of the LPTEG graphical image is based on the changes 
in the relative values ​​of the viscoelastic properties of blood (Ai) 
that occur during coagulation. The dynamics of the studied pro-
cess – the transition of blood during coagulation from liquid to 
viscoelastic state – is determined and recorded as an integrated 
curve LPTEG, each point of which (Ai) is determined by the 
system at a particular time (ti). [16,17] During the study, the 
following LPTEG parameters were measured and analyzed:
 – t1, min – Reaction time (time in minutes from the be-
ginning of the study to reaching the minimum amplitude 
of LPTG – A1). Reference values ​​t1 = 0.8 (0.6-1.3);
– �Intensity of contact coagulation (ICC), conventional units (cu) 

– this parameter reflects mainly the aggregation activity of plate-
lets and other blood cells, ICC reference values ​​= 26 (16-36);

– �Constant of thrombin activity (CTA), cu – a universal 
criterion for estimating the intensity of the proteolytic 
stage of fibrin formation and thrombin generation activ-
ity. Reference values ​​of СTA = 30 (25-40).

– �t3, min. – Blood clotting time (gel point). Reference values 
of ​​t3 = 7.4 (5.9-9.0).

– �Intensity of coagulation drive (ICD), cu – the resulting 
parameter of the intensity of the proteolytic stage of blood 
clotting. ICD reference values ​​= 38 (28-46).

– �Intensity of clot polymerization (ICP), cu – characterizes 
the whole process of changing viscoelastic properties of 
the clot during polymerization of fibrin and formation 
of transverse intermolecular (covalent) bonds. Reference 
values ​​of ICP = 18.5 (15.4-22.5) for 10 minutes.   

– �Maximum amplitude (MA), cu – describes the maximum 
clot density due to platelet activity, and quantitative / 
qualitative characteristics of fibrin polymerization. Ref-
erence values ​​of MA = 510 (450-650)

– �t5, min. – time to reaching the maximum amplitude of 
LPTEG. Reference values of ​​t5 = 30.7 (23.3-39).

– �Intensity of total coagulation (ITC), cu – characterizes 
the general trend of coagulation due to the platelet 
aggregation capacity, activity of the proteolytic stage of 
coagulation and maximum clot amplitude. Reference 
values ​​of ITC = 17.04 (14.68-20.12).

– �Intensity of clot retraction and lysis (ICRL), %. – de-
scribes the activity of the fibrinolytic system. Reference 
values ​​of ICLR = 0.29 (0.27-2.3) %.

– �Coefficient of total anticoagulant activity (CTAA), 
cu – total anticoagulant activity of blood due to serine 
protease inhibitors, coenzyme inhibitors (proteins C, S, 
thrombomodulin), inhibitors of active complexes (TFPI), 
Reference values ​​of CTAA = 2,2 (1,8-2,5).

Blood sampling was performed from a vein with a 1.0 ml 
three-component silicone syringe with a rubber cuff. The 
obtained blood sample was immediately placed in a 0.45 
ml cuvette during 30 seconds and the study was started.

STATISTICAL ANALYSIS
Statistical analysis was performed using the Excel for 
Windows and IBM SPSS Statistics software package. 

Methods of parametric and nonparametric statistics were 
used. The distribution of quantitative values was assessed 
using the Kolmogorov – Smirnov criterion. Student's t-test 
was used to compare the mean values ​​of the parameters 
for 2 independent samples with normal distribution, and 
Mann-Whitney U test for not normally distributed values. 
The nonparametric Kruskal-Wallis test was used for mul-
tiple comparisons.

RESULTS
Parameters of LPTEG were obtained and analyzed in all pa-
tients with liver cirrhosis and AF depending on the severity 
of cirrhosis according to Child-Pugh score and compared 
to similar parameters of patients with liver cirrhosis and 
healthy individuals. (Table II. and Table III).

Reaction time (t1) was significantly reduced compared 
to control, and ICC parameter was substantially increased 
(p<0.001). There was a significant reduction in t1 time and 
an increase in ICC between controls and Child-Pugh class-
es B, C, p<0.01, as well as a gradual reduction in t1 and an 
increase in ICC with worsening liver cirrhosis. The mean 
values of t1 and ICC between 2 groups were at the same 
level and did not differ statistically (p>0.05). The mean 
levels of CTA in patients with liver cirrhosis and AF were 
higher than in control group and group of liver cirrhosis 
(p<0.001). A significant difference was found between 
healthy individuals and patients of classes A, B, C by Child-
Pugh score (p<0.01), with a gradual increase in CTA as the 
severity of liver dysfunction progresses. The mean Blood 
clotting time (t3) was significantly reduced compared to 
healthy individuals and liver cirrhosis group (p<0.001). T3 
of class A did not differ from the t3 of normal individuals  
(p = 0.823) and gradually decreased with increasing severi-
ty of liver cirrhosis, p<0.01. ICD was significantly increased 
compared to control (p<0.001) and compared to liver cir-
rhosis (p = 0.001). The mean level of ICD had a tendency 
to increase with worsening liver dysfunction (p<0.05). ICP 
parameter was substantially increased compared to healthy 
individuals and liver cirrhosis (p<0.001) The ICP gradu-
ally increased, gaining a statistically significant difference 
between control and classes B, C, p<0.01 and between 
classes A and C according to Child-Pugh score, p<0.01. MA 
was significantly increased compared to control and liver 
cirrhosis (p<0.001) There was a tendency to increasing of 
MA from class A to C, p< 0.01. T5 time was slightly reduced 
compared to control and liver cirrhosis group (p<0.01). t5 
differed statistically only between control and Child-Pugh 
classes A, C (p<0.01). The general coagulation trend ITC 
was increased compared to healthy individuals (p<0.01) 
and liver cirrhosis (p<0.001) and exceeded the reference 
values, increasing with the progression of the severity 
of liver cirrhosis, indicating a state of hypercoagulation 
(p<0.01). ICRL was significantly increased compared to 
control and liver cirrhosis (p<0.001) Fibrinolysis activity 
increased with increasing severity of liver cirrhosis, obtain-
ing a statistical difference between Child-Pugh classes A 
and C, p<0.01. CTAA was significantly increased compared 
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to healthy individuals and liver cirrhosis (p<0.001). There 
was a substantial statistical difference between the control 
and Child-Pugh classes A, B, C (p<0.01), a slight difference 
between classes B and C (p = 0.49). 

DISCUSSION
In this prospective cross-sectional study of patients with 
liver cirrhosis and atrial fibrillation we investigated LPTEG 
parameters and found out that all patients had obvious 
coagulopathy abnormalities at primary, secondary and fi-
brinolytic stages of hemostasis compared to healthy donors 
and liver cirrhosis. Particularly, at the primary stage we 
observed increased aggregation of platelets and decreased 
rheological blood stability. As parameters of aggregation 
activity t1 and ICC were almost the same in patients of 2 
groups, we made a conclusion that AF has no effect on 
platelet aggregation activity and such suggestion explains 
the low effectiveness of antiplatelet drugs for prevention 
of thrombotic complications in patients with AF. [18,19]

Significant activation of secondary stage of coagulation 
and thrombin generation was observed due to an increase 
in the CTA parameter. The intensity of coagulation is 
largely determined by the activity of thrombin, which 
is the main enzyme activator of the whole coagulation 
process, as it participates in the conversion of fibrinogen 
to fibrin, activates platelets, coagulation factors V, VIII, 
XIII, tissue plasminogen factor, and, furthermore, par-
ticipates in systemic inflammation.[20] In patients with 
liver cirrhosis and AF intensive thrombin generation was 
observed at all stages according to Child-Pugh, the cause 
of which is currently unknown. However, AF alone may 
be associated with decreased ability to activate protein 
C due to decreased thrombomodulin expression on the 
background of structural changes in the left atrium. [21] 
Hyperfibrinolysis in patients with liver cirrhosis can be 
explained by the reduced synthesis of thrombomodulin and 
reduced activity of fibrinolysis inhibitors (TAFI), which 
inhibit the conversion of plasminogen to plasmin and is 
further exacerbated by atrial fibrillation. [22]  

The existing evidence on coagulation process in patients 
with liver cirrhosis and AF is quite limited and we made 
first steps in understanding these complex hemostasis 
alterations.

Our study has limitations. The mean age of patients 
with liver cirrhosis and AF is not completely comparable 
with the age of patients with liver cirrhosis, because on 
average the I group of patients is older than II by 10 years 
(68.3 ± 1.08 vs. 58.3 ± 1.45). Also, in our study, we did not 
investigate differences in hemostatic potential depending 
on gender, age, etiology of liver cirrhosis. Therefore, we 
assume that these factors may have influenced the result.

CONCLUSIONS
Patients with liver cirrhosis have a normal hemostatic poten-
tial with a slight shift towards hypercoagulation at the stage 
of decompensation. When associated with AF, hemostatic 

potential shifts significantly in the direction of hypercoag-
ulation with a gradual worsening of coagulation disorders, 
starting from the compensated stage of cirrhosis severity. We 
showed that global coagulation assays can more precisely 
describe complex alterations in hemostasis in patients with 
liver cirrhosis and AF and should be commonly imple-
mented in routine clinical practice along with conventional 
coagulation parameters. Some LPTEG parameters as CTA 
can be a promising biomarkers for identifying individuals 
with increased thrombotic risk and anticoagulant treatment 
should be considered as a benefit option for this population
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