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INTRODUCTION
In 2014 WHO health care experts called kidney disorders 
the major noninfectious diseases of today’s world (ERA–
EDTA Registry, 2014) [1]. Official data show that not 
less than 10% of people worldwide have renal pathology. 
According to the figures provided by Lancet, mortality 
rate from chronic kidney diseases has increased by 82% 
worldwide during the period between 1990 and 2010, 
and now they take the third place by the rate of mortality 
increase after HIV/AIDS and diabetes [2].

Nowadays prevalence and incidence of chronic kidney 
disease (CKD), as well as the cases of its late stages are 
on increase. Significance of nephrological pathology is 
explained by the severity of kidney diseases, restrictions 
in life activities and early disability in active working age, 

being a great social and economic problem even in highly 
developed countries.

The terminal stages of CKD significantly affect the 
hemostatic system, because, on the one hand, the kid-
ney produces pro- and anticoagulant factors (heparin, 
urokinase, tissue plasminogen activator, thromboplastin, 
coagulation factors VII,VIII, ІХ, Х), and on the other 
hand – it can promote the production of antibodies to 
vascular endothelium, proteins C and S, thrombomod-
ulin, heparin sulfate etc. Kidneys are able to absorb and 
catabolize Hageman coagulation factor (XII) and, par-
tially, fibrinogen [3]. The importance of abnormalities 
of blood composition in the pathogenesis of secondary 
hypercoagulation states (in nephrology – glomerulone-
phritis, nephrotic syndrome and hemodialysis itself) is 
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ABSTRACT
Introduction: One of the major complications of stage V chronic kidney disease (CKD), treated by program hemodialysis, are hemostatic system disturbances resulting in 
thrombosis development. To detect early predictors of potential thrombosis in study category of patients is rather difficult because of inflammatory process, accumulation of 
antibodies, continuous damage of blood elements.
The aim: To estimate potential applicability of activators and inhibitors of thrombogenesis as thrombophilia markers in the patients with stage V CKD, treated by program 
hemodialysis.
Materials and methods: 88 patients (52 males and 36 females) with stage V CKD, treated by program hemodialysis, were studied. Hemostatic profile was estimated in all the 
patients (soluble fibrin, D-dimer, protein C, fibrinogen). 
Results: Two thirds of the patients with stage V CKD, treated by program hemodialysis, had significant increase in soluble fibrin and fibrinogen concentration against the 
background of decrease of natural anticoagulant - protein C and disparate response of D-dimer (tendency to decrease). It was established that comprehensive estimation of 
activators and inhibitors of thrombogenesis can become an indicator of thrombophilias in the patients with stage V CKD, treated by long term hemodialysis.
Conclusions: The majority of patients (68.2%) with stage VD CKD, treated by long term hemodialysis, had significant increase of soluble fibrin level (р <0.02) along with 
decreased D-dimer to  borderline values. In general group of patients there was significant  decrease of protein C (р<0.05) on the background of great increase of fibrinogen 
concentration in the majority of patients (62%) (р <0.001). The females were found to have significant increase of D-dimer level (р <0.05) along  with the increase of soluble 
fibrin concentration. Comprehensive determination of activators and inhibitors of thrombogenesis  can serve an indicator of thrombophilias in the patients with stage VD CKD, 
treated by program hemodialysis.
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a debatable issue. Endothelial cells in the patients with 
renal failure are known to lose their antithrombogenic 
properties when they interact with pro-inflammatory 
antigens and endotoxins, considerably increasing the risk 
of thromboembolism development [3]. 

Some of the major complications of stage V CKD, 
treated by program hemodialysis, are hemostatic system 
disturbances resulting in thrombosis development [3]. 
Thrombophilic syndrome, being a process of intra-
vascular thrombogenesis, is characterized by systemic 
activation of blood coagulation, and is not compensat-
ed by inner natural anticoagulant mechanisms [4]. To 
detect early predictors of potential thrombosis in the 
studied category of patients is rather difficult because of 
inflammatory process, accumulation of antibodies, con-
tinuous damage of blood elements and vascular access. 
Accordingly, evaluation of hemostasis status should be 
based on comprehensive analysis of blood indices, which 
provide objective characteristics of coagulation processes. 
Fibrinogen is well known to be the central enzyme of 
coagulation system, and activation of coagulation system 
leads to formation of fibrin in blood circulation with its 
subsequent degradation by plasmin. Soluble fibrin and 
D-dimer are the most significant molecular markers of 
those processes [5]. At the same time, the evaluation of 
coagulation inhibitor potential is essential to improve 
thrombosis risk prediction. Such natural inhibitor is 
protein C [6]. Soluble fibrin, D-dimer, fibrinogen and 
protein C values in the patients with stage V CKD, treat-
ed by program hemodialysis, were studied to estimate 
potential applicability of thrombogenesis activators and 
inhibitors as thrombophilia markers.

THE AIM 
To estimate potential applicability of activators and in-
hibitors of thrombogenesis as thrombophilia markers 
in the patients with stage V CKD, treated by program 
hemodialysis.

MATERIALS AND METHODS
Blood sampling in the studied patients and plasma donors 
was taken on empty stomach, without tourniquet, into 
vacutainer containing 3.8% sodium citrate solution, and 
was mixed in the ratio 1:9. The vacutainer mixture was 
stirred for several times without shaking. Precipitation of 
cellular blood elements was performed by centrifugation 
with relative centrifugal force 1200-1400 g for 20 minutes. 
Blood plasma (supernatant) was transferred in Eppendorf 
polyethylene tube.

To estimate soluble fibrin (the marker of coagulation 
system activation) in the patients, we used two-site 
enzyme-linked immune-sorbent assay for quantita-
tion of products formed after degradation of fibrin by 
plasmin. Monoclonal antibodies III-3b were used as 
“catch”-antibodies, and monoclonal antibodies II-4d – as 
“tag” antibodies [7]. D-dimer was estimated by enzyme 
immunoassay using monoclonal antibodies to D-dimer 
epitopes, which are formed only after degradation of un-
soluble febrin by plasmin [8]. Protein C activity in blood 
plasma was estimated by its activation with copperhead 
snake venom (Agkistrodon halus) [9]. For this purpose 
30 µl of blood plasma, 100 µl of protein C activator, 
85 µl 0.05М Tris-НСІ buffer (рН 7,4) containing 0,13 
М NaCl and 35 µl 2мМ chromogenic substrate S2236, 

Table I. Hemostatic profile in general group of patients with stage VD CKD
No Hemostatic profile (n=88) Control group (donors) Patients with stage VD CKD Р

1 Soluble fibrin (µg/ml) 2,60±0,37 3,54±0,14 ≤0,02

2 D-dimer (pg/ml) 95,0±32,0 75,95±10,35 ≥0,05

3 Fibrinogen (mg/ml) 2,20±0,36 4,15±0,12 ≤0,001

4 Protein C (%) 100,0±10,0 80,05±1,47 ≤0,05

Table II. Levels of pro- and anticoagulant indices of hemostasis in the patients with stage VD CKD according to soluble fibrin concentration

No Soluble fibrin levels  
(µg/ml) n Soluble fibrin  

(µg/ml)
D-dimer  
(pg/ml)

Fibrinogen  
(mg/ml)

Protein C  
(%)

1 Group 1
(up to 3,0 µg/ml) 28 2,49±0,063 49,23±5,13 3,96±0,21 79,17±2,50

2 Group 2 
(3,1-3,9 µg/ml) 38 3,48±0,035 68,10±5,42 4,36±0,17 81,97±2,36

3 Group 3 
(4,0 µg/ml and over) 22 5,14±0,221 114,67±22,67 4,2±0,27 81,11±3,75

4 General group 88 3,54±0,14 75,95±10,35 4,15±0,12 80,05±1,47

5 P
Р1-2 ≤0,001
Р1-3 ≤0,001
Р2-3 ≤0,001

Р1-2 ≤0,05
Р1-3 ≤0,01
Р2-3 ≤0,05

Р1-2 ≥0,05
Р1-3 ≥0,05
Р2-3 ≥0,05

Р1-2 ≥0,1
Р1-3 ≥0,1
Р2-3 ≥0,1
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were incubated at 37° С for 15 minutes. The number 
of degraded chromogenic substrate was determined by 
spectrophotometry with wavelength 405 and 492 nm on 
microplate spectrophotometer Thermo Multiskan EX, 
taking the absorption coefficient 1M of pNA solution 
at 405 nm to be 10500.

Serum fibrinogen contents was estimated using throm-
bin-like enzyme Antsistron-H obtained from copperhead 
snake (Agkistrodon halus) [10] by spectrophotometry. For 
this purpose 0,2 ml of studied plasma and 1,8 ml 0,1 M 
phosphate buffer (ph 7,0) were inserted into the glass tube 
with consequent addition of 0,1 Antsistron-H, containing 
0,3 activity unit. The mixture was thoroughly stirred with 
lapped face glass spatula. After 30 minutes of incubation 
at 37° С, formed fibrin clot was retracted by rolling-up on 
the spatula, pressing the fluid over the tube walls. The clot 
on the spatula was then washed in cold solution of sodium 
chloride, and superficial fluid was removed from the clot 
by light touch to filter paper. Calculation was done by the 
following formula:

F = (Е280 – Е320) х 255/15,06  where
F – concentration of fibrinogen in blood plasma, g/l;
225 – coefficient for calculation of fibrinogen contents in 

the sample volume to its plasma concentration;
15,06 – coefficient of absorbing extinction of 1% fibrin 

solution in acid media at wavelength 280 nm.
Statistical processing of study results was performed by 

the methods of variation statistics.

RESULTS
According to study results, the patients of the general group 
(n=88) (52 males and 36 females) demonstrated significant 
(р <0,02) increase of soluble fibrin level compared to the 
control group – 3,54±0,14 mkg/ml (Table I). It should be 
noted, that no proportional increase in D-dimer was noted 
in the general group, conversely, there was a tendency to 
its decrease to borderline values (75,95±10,35%) (р >0,05). 
At the same time, concentration of fibrinogen in those 
patients was considerably increased, twice exceeding the 
control values (р <0,001).

Mean values of anticoagulant protein C activity, com-
pared with the control group, were significantly decreased 
to lower limit of normal (80,05±1,47% versus 100±20%) 
(р <0,05).

According to the level of soluble fibrin, the patients were 
divided into three groups: group 1 -up to 3,0 µg/ml (n=28); 
group 2 – 3,1-3,9 µg/ml (n=38); group 3 – 4,0 µg/ml and 
over (n=22).

Taking into consideration, that soluble fibrin can serve 
as pre-thrombosis indicator, the decision was made to 
study other indices of hemostasis in the groups, formed 
according to soluble fibrin concentration (Table II).

Evaluation of soluble fibrin concentrations in three 
groups, as well as their comparison with general group, 
demonstrated that only 28 patients (31,8%) of group 1 had 
normal fibrin value. The values of soluble fibrin level in 
group 2 (38 patients – 43,2%) were significantly different 

Fig. 1. Relationship between activity of protein C (pC) (A) and fibrinogen (Fg) (B) in blood serum of the patients with stage VD CKD according to soluble 
fibrin (sF) concentration: 1 – normal F contents; 2 – increased F contents.
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as compared to group 1 (р <0,001) and the control group 
(р <0,02); in group 3 (22 patients – 25,0%) they twice 
exceeded the normal figures (р <0,001) (Table II), being 
indicative of increased risk of thrombosis in the patients 
of those groups. The response of other components of he-
mostasis was evaluated as well. D-dimer value, which by 
its nature, should to be representative of post thrombosis 
process, significantly increased from group1 to group 3  
(р <0,05÷0,01), but its increase was insignificant as com-
pared to the general group and the control group (р >0,05). 
It should be noted that the females of group 3 had more 
adequate response of D-dimer to the increase of soluble 
fibrin concentration compared to the males, and D-dimer 
values were 166,67±39,76 ng/ml versus 77,00±10,42 ng/ml, 
respectively (р <0,05). However, slight increase of D-dimer 
on the background of considerable increase in soluble fi-
brin concentration is regarded as insufficient fibrinolysis, 
again suggesting an increased risk of thrombosis in that 
group of patients. As fibrinogen is the only enzyme - the 
source of fibrin, which characterizes general potential of 
hemostatic clotting system, its concentrations should be 
representative of concentrations of soluble fibrin and be 
comparable with them. This statement was confirmed in 
the studied patients, as evidenced by generally high fibrin-
ogen concentrations in all three groups. Serum fibrinogen 
level was considerably increased in 62% of patients. At the 
same time, in group 1 high fibrinogen concentration was 
observed along with normal soluble fibrin values, and the 
tendency to slight decrease of its level was seen in group 3, 
being attributable to “consumption” reaction in formation 
of high soluble fibrin concentrations. It should be empha-
sized that the values of anticoagulant protein C do not 
correspond to such high potential risk of thrombosis. Table 
2 shows similar low levels of protein C in all the groups, 
and in 34% of patients it was lower the borderline values, 
so, the absence of proportional anticoagulant reaction in 
dialysis patients to their procoagulant state can be recorded. 

Correlation relationships between soluble fibrin and 
D-dimer, fibrinogen and C protein in the general group 
were assessed, and the following data were obtained: medi-
um direct relationship between soluble fibrin and D-dimer, 
(r = 0,56) and the absence of correlation with fibrinogen 
(r = 0,04) and protein C (r = -0,08).

Those data indicate that in response to accumulation 
of soluble fibrin, moderate reaction of D-dimer develops, 
its adequacy requiring further study, and the reaction of 
anticoagulant component of hemostasis is totally absent. 
In this case there are minimal changes in fibrinogen 
concentrations, but they remain high as compared to the 
control. Discrete evaluation of correlation relationships 
between the indicated hemostasis factors in the study 
groups revealed significant differences depending on 
soluble fibrin concentration. By contrast to the general 
group, the patients with normal soluble fibrin level there 
was its high direct correlation relationship with D-dimer 
(r = 0,70), moderate direct – with fibrinogen(r = 0,56) and 
moderate negative – with protein C (r = -0,47). Therefore, 
despite low concentration of soluble fibrin, an adequate 

process of fibrinolysis does occur, indicated by D-dimer 
values, but no stimulation of anticoagulant system takes 
place, and protein C level remains low.

In group 2 (soluble fibrin level 3,1-3,9 µg/ml), correlation 
coefficient of soluble fibrin and D-dimer sharply decreases 
to weak (r = 0,11). Such abrupt fall of D-dimer is indicative 
of exhausted fibrinolytic processes, which go behind the 
process of accumulation of soluble fibrin from fibrinogen. 
Similar to the general group, no relationship with protein 
C (r = -0,07) and fibrinogen was found, being indicative 
of considerable imbalance between coagulation and anti-
coagulation systems and fibrinolysis.

Group 3 is characterized by some reactivation of fi-
brinolysis in response to continuous increase of soluble 
fibrin, indicated by moderate correlation with D-dimer (r 
= 0,55), weak correlation with fibrinogen (r = 0,24), but 
with no adequate response of anticoagulant system and no 
correlation with protein C (r = -0,04).

Activation of coagulation system in studied patients is 
evidenced by relative decrease of serum protein C activity 
on the background of fibrinogen level increase, it being 
dependent on soluble fibrin contents. Along with the in-
crease of fibrinogen and soluble fibrin concentration, there 
is no significant change in protein C activity (Fig. 1), but 
the relationship between protein C and fibrinogen changes 
in favor of the latter.

Thus, it can be stated that the patients with stage VD 
CKD treated by hemodialysis have significant inhibition 
of both fibrinolysis process and anticoagulant properties 
of blood plasma, on the background of systemic increase 
of soluble fibrin level and fibrinogenemia.

DISCUSSION
In view of the fact that the level of soluble fibrin (sF) 
is an early prognostic indicator of coagulation system 
activation, and simultaneous estimation of soluble fibrin 
level and D-dimer level can detect balance or imbalance 
between accumulation and destruction of soluble fibrin 
[5], the equilibrium between  coagulation system and 
fibrinolysis proves D-dimer level to be equal to the level 
of soluble fibrin; in case of violation of the equilibrium 
between those systems and  prevalence of the processes 
of fibrin formation and stabilization over its destruc-
tion, D-dimer concentration can remain within normal 
limits, while sF level can be increased [5], as confirmed 
by the study.

Two thirds of the patients with stage V CKD, treated by 
program hemodialysis, were found to have high soluble 
fibrin concentration, being indicative of coagulation system 
activation and possible risk of thrombotic event develop-
ment, and this had been confirmed by recent published 
studies [5]. Imbalance between sF and D-dimer in study 
group of patients implies inadequate fibrinolysis. 

Glycoprotein-fibrinogen, known as one of the major 
components of acute phase of hypercoagulation [6], was 
significantly higher than control estimates in all study 
groups, maintaining persistant fibrinogenemia. Epide-
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miological studies, however, have demonstrated the re-
lationship between serum fibrinogen concentration and 
thrombogenesis [6], which can be explained by its ability 
to influence exponentially the blood viscosity.

Thus, procoagulatory process in the patients, treated by 
program hemodialysis, has the so-called “acute resonance” 
in the form of increased sF level, inadequate fibrinolysis 
and fibrinogenemia.

In this respect, anticoagulant system, represented by C 
protein, is of great significance. Besides, C protein par-
ticipates in regulation of fibrinolysis process. This study 
is the first to establish an exhausted state of patient’s co-
agulation system, as  decrease of C protein level to lower 
limits occurred in all the groups, but it didn’t interfere with 
thrombin formation and fibrinolysis activation in crisis. It 
means that the patients, treated by program hemodialysis, 
are in constant danger of thrombophylic (iatrogenic) state 
development. The suggested markers of thrombogenesis 
make it possible to identify the risk group among those 
patients, treated by program hemodialysis, by means of 
available biochemical investigations. 

CONCLUSIONS
1.  Soluble fibrin is well known to be the marker of 

“pre-thrombosis”, but its level should be evaluated 
along with D-dimer level, the marker of “post-throm-
bosis”, considerably increasing their cooperative value 
as thrombogenesis predictors. Besides, D-dimer is an 
indirect marker of fibrinolysis, and if the latter is inad-
equate as related to thrombogenesis, D-dimer exhibits 
no increase correlatively with soluble fibrin level. The 
majority of patients (68,2%) with stage VD CKD, treated 
by long term hemodialysis, were found to have signifi-
cant increase of soluble fibrin level (р <0,02) along with 
decreased D-dimer to borderline values.

2.  C protein, natural anticoagulation inhibitor, proved to be 
of great importance. In general group of patients there 
was significant decrease of protein C (р <0,05) on the 
background of considerable increase of fibrinogen con-
centration in the majority of patients (62%) (р <0,001).

3.  Gender differences in response of patients to hemodial-
ysis in decreased soluble fibrin concentration should be 
considered. The females were found to have significant 
increase of D-dimer level (р <0,05) along with the in-
crease of soluble fibrin concentration.

4.  Comprehensive estimation of activators and inhibitors 
of thrombogenesis can serve an indicator of thrombo-
philias in the patients with stage VD CKD, treated by 
program hemodialysis.

REFERENCES
 1.  ERA – EDTA Registry: ERA – EDTA Registry Annual Report 2014. 

Academic Medical Center Department of Medical informatics, 
Amsterdam, the Netherlands, 2016.

 2.  Lozano R, Naghavi M, Foreman K et al. Global and regional mortality 
from 235 causes of death for 20 age groups in 1990 – 2010: a systematic 
analysis for the Global Burden of Disease Study 2010. The Lancet. 
2016;380 (9859):2095-2016.

 3.  Mel’nik A. A. Sistema gemostaza i yeye regulyatsiya pri narushenii 
funktsional’noy sposobnosti pochek [Hemostatic system and its 
regulation in kidney dysfunction]. News of Medicine and Pharmacy in 
Ukraine. 2016;9(583):24-31.

 4.  Squizzato A, Rancan E, Thachil J et al. Diagnosis of overt and non-overt 
disseminated intravascular coagulation: A survey among experts a call 
for action from the ISTH. Thromb. Res. 2017;Apr.(152):74-76.

 5.  Luhovs'koy E. V., Komisarenko S.V., Platonova T.M. et al. Vyznachennya 
vmistu rozchynnoho fibrynu ta D-dymeru dlya prohnozuvannya 
trombotychnykh uskladnen' za endoprotezuvannya kul'shovoho 
suhloba [Determination of soluble fibrin and D-dimer contents for 
prognosis of thrombotic complications]. Laboratory diagnostics. 
2013;2(64):3-8.

 6.  Rublenko A. M., Urvant L. P., Makohonenko Ye.M. et al. Vplyv aktyvatora 
proteyinu C na zahal'nyy hemostatychnyy potentsial plazmy krovi 
za endoprotezuvannya tazostehnovoho suhloba [The influence of 
protein C activator on general hemostatic potential of blood plasma 
for endoprosthetics of hip joint]. Ukrainian Journal of Biochemistry. 
2011;5(83):32-38.

 7.  Komisarenko S. V., Luhovs'kyy E. V., Kolesnikova I. M. et al. Test-systema 
imunofermentna dlya kil'kisnoho vyznachennya rozchynnoho fibrynu 
v plazmi krovi lyudyny [Immunoenzyme test-system for quantitative 
estimation/quantitation of soluble fibrin in human blood plasma]. 
Patent № 69283 Ukraine, IPC А61К 39/44 applic. 05.10.11; publ. 
25.04.2012, Bul. № 8.

 8.  Komisarenko S. V., Luhovs'kyy E. V., Kolesnikova I. M. et al. (2012). Test-
systema imunofermentna dlya kil'kisnoho vyznachennya D-dimeru v 
plazmi krovi lyudyny [Immunoenzyme test-system for quantitative 
estimation/quantitation of D-dimer in human blood plasma]. Patent 
№ 69284 Ukraine, IPC А61К 39/44 applic. 05.10.11; publ. 25.04.2012, 
Bul. № 8.

 9.  Platonova T. N., Gornitskaya O. V. Vydeleniye i svoystva aktivatora 
proteina S iz yada shchitomordnika obyknovennogo (Agkistrodon 
halys) [Extraction of protein C activator from copperhead snake venom 
(Agkistrodon halys)]. Biomedical Chemistry. 2003;5:470-478.

 10.  Platonova T. N., Zaichko N. V., Chernyshenko T. M. et al. Otsenka 
informativnosti i prognosticheskoy znachimosti traditsionnykh 
skriningovykh i dopolnitel’nykh laboratornykh testov dlya diagnostiki 
trombofilii [Assessment of informative and prognostic value of 
conventional screening and additional laboratory tests in diagnostics 
of thrombophilia]. Laboratory Diagnostics. 2010;4(54):3-10.

The study was undertaken within the scope of research 
work «Justification for scientific approaches to estimation 
of components of rehabilitation potential in patients with 
stage I-V chronic kidney disease, treated by dialysis», state 
registration No 0116U001421.

ADDRESS FOR CORRESPONDENCE
Olexiy B. Storozhuk 
st. L.Tolstogo 13, sq. 41, 21018, Vinnytsia, Ukraine 
tеl: +380987278938
e-mail: stgibson91@gmail.com

Received: 13.03.2018
Accepted: 11.05.2018


